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FOREWORD

This document was prepared by Technical Specification Group C of the Third Generation 3
Partnership Project 2 (3GPP2).

Revision 0 of t his document was used for the evaluation and analysis leading to the
development of the foll owing cdma2000 systems specifications: cdma2000 ®1 Revision C
(1XEV -DV), cdma2000 Revision D (1XxEV -DV), and cdma2000 High Rate Packet Data Air
Interface Revision A (1XEV -DO).

Revision A of this document  also includes eva luation methodology for ¢dma2000 High Rate
Broadcast -Multicast Packet Data Air Interface (1XEV -DO BCMCS) and UMB (Ultra Mobile
Broadband) 2.

Revision B of this document further includes evaluatio n methodology to handle more
practical deployment scenarios such as using actual traffic models, d ata demand
differential in networks , heterogen eous deployment, etc, and evaluation methodology for
reverse link transmit diversity for cdma2000 High Rate Packet Data Air Interfacce (1XEV -
DO).

1 cdma2000 ® is the trademark for the technical nomenclature for certain specifications and
standards of the Organizational Partners (OPs) of 3GPP2. Geographically (and as of the date of
publication), cdma2000 @® is a registered trademark of the Telecommunications Industry Association
(TIA-USA) in the United States.

2Ultra Mobile BroadbandE and (UMBE) are trade and

Development Group (CDG).
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1 INTRODUCTI ON

1.1  Study Objective and Scope

The objective of this document is to explain the set of definitions, assumptions, and a

general framework for simulating cdma2000 ® systems (e.g., 1IXEV -DV and 1xEV -DO) and
UMB @ (Ultra Mobile Broadband) systems to arrive at syste m wide voice, data, or both voice
and data performance on the forward and reverse links.

This document was used in the evaluation and analysis leading to the development of the
following specifications: cdma2000 Revision C (1XEV -DV), cdma2000 Revision D ( 1xEV -DV),
cdma2000 High Rate Packet Data Air Interface Revision A (1XEV -DO), cdma2000 High Rate
Broadcast -Multicast Packet Data Air  Interface (1XEV -DO BCMCS) and UMB .

This document also defines the necessary framework for simulating the performance of

cdma 2000 and UMB system s with proposed enhancements that are not part of the current
cdma2000 and UMB family of specifications. The proponent(s) of any proposal shall provide

the details required so that other companies can evaluate the proposal independently. The
proponent(s) of any simulation results shall provide the details required so that other
companies can repeat the simulation independently. The information about the simulations

will include the predictors being used, and the reported results will incl ude the prediction
errors (bias and standard deviation).

1.2  Simulation Description Overview

Determining voice and high rate packet data system performance requires a dynamic

system simulation tool to accurately model feedback loops, signal latency, protocol
execution, and random packet arrival in a multipath -fading environment. The packet
system simulation tool will include Rayleigh and Rician fading and evolve in time with

discrete steps (e.g., time steps of 1.25 ms or 1.67 ms). The time steps need to be sma I
enough to correctly model feedback loops, latencies, scheduling activities, and
measurements of the proposed system.
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2  EVALUATION METHODOLO GY FOR THE FORWARD L INK
2.1 System Level Setup

2.1.1 Antenna Pattern

The antenna patte rn used for each sector, reverse link and forward link, is plotted in

2.1.1 -1 and is specified by

€ ag ) 2

A(g)= minél2ee"— 5 A, U where -180 ¢ If
g€ ¢hwe + H

G145 is the 3 dB beamwidth, and A, = 20dB is the maximum attenuation.

Figure

2.1-1

_5 /7 \

Gain -dB

-15

-20

-25

Horizontal Angle - Degrees

-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180

Figure 2.1.1 -1 Antenna Pattern for 3 -Sector Cells

2.1.2 System Level Assumptions

The parameters used in the simulation are listed in Table 2.1-1. Where values are not

shown, the values and assumptions used shall be specified in the simulation description.
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Table 2.1 -1 Forward System Level Simulation Parameters

Parameter

Value

Comments

Number of Cells (3 sectored)

19

2 rings, 3 -sector system, 57
sectors.

Antenna Horizontal Pattern

70 deg (-3 dB)

with 20 dB front
ratio

-to-back

See section 2.1.1

Antenna Orientation

0 degree horizont al azimuth
is East (main lobe)

No loss is assumed on the
vertical azimuth. (See
Appendix B)

Propagation Model
(BTS Ant Ht=32m, MS=1.5m)

28.6+ 35log10(d) dB,
d in meters

Modified Hata Urban Prop.
Model @1.9GHz (COST 231).
Minimum of 35 meters
separation b etween MS and
BS.1

Log-Normal Shadowing

Standard Deviation = 8.9 dB

Independently generate
lognormal per mobile and
use the method described in
Appendix A. This shadowing
is constant for each MS in
each simulation run. The
same shadowing amount
shall be used for all the
sector antennas of a BS to a
given MS. The correlation

coefficient bet

Tx antennas and a given MS
and the BSG®6s
and a given MS is 1.

Base Station Shadowing
Correlation

0.5

See Appendix A

1y n this

wherein the path loss has been reduced by 3 dB [33]. If a
base station, it shall be redropped until it is outside the 35

document

t he wor d

4

omodi fiedo

r e pr -¢ate mada

mobile is dropped within 35 meters of a
-meter circle.
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Value

Comments

Other Losses

Parameter
Circuit Pilot, Paging and Sync Any additional overhead
switched overhead: 20%. needed to support other
and packet control channels (dedicated
switched or common) must be
data specified and accounted for
Forward Link systems in the simulation
Overhead (e.g., IXEV -
Chan nel DV)
Resource Packet FL MAC, Preamble and Pilot CC portion is assumed to be
Consumption switched channel overhead shall be 6.25% of the total time. Any
data considered. The portion of additional overhead must be
systems times the Control Channel specified and accounted for
(e.g., IxXEV - (CC) (38.4 kbps or 76.8 in the simulation.
DO) kbps) is sent shall be set as
a fixed TDM overhead.
Mobile Noise Figure 10.0dB
Thermal Noise Density -174 dBm/Hz
Carrier Frequency 2 GHz
BS Antenna Gain with Cable 15dB 17 d B BS antenna gain; 2
Loss dB cable loss
MS Antenna Gain -1 dBi
10dB Applicable to all fading

models

Fast Fading Model

Based on Speed

See Table 2.2-1. The fading
model is specified in
Appendix K.  With dual
antenna rec eiver, the fading
processes on the paths from
a given BS to the MS receive
antennas are mutually

independent.

Circuit Up to 3 members are in the

switched and Active Set if the pilot Ec/lo

Active Set pgcket is larger than T_ADD = . -18

Membershi switched dB (=9 dB below the FL pilot

P data systems Ecl/lor) based on the FL

(e.g., IXEV - evaluation methodology

DV)
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Parameter Value Comments
Packet Up to 3 members are in the
switched Active Set if the pilot Ec/lo
data systems is largerthan T_ ADD = -9dB
(e.g., IXEV - based on the FL ev aluation
DO) methodology
Finger Assignment -12dB A finger may be assigned to

Threshold (T_PATH)

a multipath component only
if its (Ec/lo) exceeds the
finger assignment threshold.
This parameter should be
used only for IXEV -DO
BCMCS.

(See Appendix S )

Maximum Number of Paths
assigned to Rake fingers
(MAX_NUM_PATHS)

8 for single RX -antenna
receivers, and
4 for dual RX -antenna
receivers

This is the maximum
number of paths to which

Rake fingers may be

assigned at the MS .

Delay Spread Model

See Table 2.2-1 and Table
2.2-2

Fast Cell Site Selection

Disable. The overhead shall
be accounted for if it is used
in the proposal.

Forward Link
Power
Control

Circuit
switched and
packet
switched
data systems
(e.g., IXEV -
DV)

(If used on
dedicated
channel)

Power Control loop delay:
two PCGs 1

Update Rate: Up to 800Hz
PC BER: 4%

1 One PCGIslot delay in link level modeling (measured from the time that the SIR is sampled to the
time that the BS changes TX power level. )
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Parameter Value Comments
Packet Power Contr ol loop delay: Update Rate: Up to 600 Hz
switched two slots 1 PC BER: 4%,
data systems Based on DRC feedback
(e.g., IXEV -
DO)
(If used on
MAC
channels)
BS Maximum PA Power 20 Watts
Site to Site distance 2.5 km
1.9 km Determined by RL Link
Budget of 1XEV -DO Rev-A
2.0k m Default site to site distance
for UMB
Total Path Loss Threshold 140 dB This term includes the MS

and BS antenna gains, cable
and connector losses, other
losses, and shadowing, but
not fading. A subscriber
whose total path loss on the
best forward link e xceeds the
Total Path Loss Threshold is
redropped. This value
should be applied when site -
to-site distance is 1.9km  and
2.0km .

Maximum C/I achievable,
where C is the
instantaneous total received
signal from the serving base
station(s) (usually also
referr ed to as rx_| o(t), or
Tor(t)), and | is the
instantaneous total
interference level (usually

13,5 dBand 17.8dB for
CDM transmission with
Rake demodulation
17 dB 18.1dB 1, and 28dB 2
for OFDM transmission and
demodulation

13.5 dB for typical current
subscriber designs for IS -95
and cdma2000 1x systems;

17.8 dB for improved
subscriber designs for IXEV -

DV and 1xEV -DO systems ;

18.1dB and 28dB for
improved subscriber designs
for UMB . The details on how
these values were derived

1 The max AN C/I
mean of those two values.

2 /I required to meet 1% FER for the packet of
is 26dB. 28dB max C/I is obt

PedB 3km/h

7

64QAM, code rate 3/4,
ained by adding 2 dB margin.

of 18.5 dB and the max AT C/I of 29dB are assumed. 18.1dB is the geometric

and 2x2 SCW in channel of
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Parameter

Value

Comments

also referred to as N (t)).

are in Table 2.1-2, Table
2.1-3,and Table 2.1-4.
(C) max for other
transmission/demodulation
schemes shall be provided
with justification, by the
system proponents.

Table 2.1 -2 Details of Self

-Interference Values Resulting in 13.5 dB of Maximum C/I
for CDM Transmission with Rake Demodulation

Contribution of Self

-Interference

£ IR

self

Note

Base-band pulse sh aping waveform 16.5dB IS-95 Tx filter and matched
Rx filter

Radio noise floor 20dB With improved Tx -Rx. Noise
performance

ADC guantization noise 20dB 4-bit A/D converter

Adjacent channel interference 27dB 1.25 MHz spacing

Table 2.1 -3 Details of Self

-Interference Values Resulting in 17.8 dB of Maximum C/I
for CDM Transmission with Rake Demodulation

Contribution of Self  -Interference F%r / Esie)w Note

Base-band pulse shaping waveform 24 dB IS-95 Tx filter with 64 -tap
Rx filter

Radio noise floor 20dB For Tx RHO increased to
99%

ADC quantization noise 31.9dB 6-bit A/D converter

Adjacent channel interference 27 dB 1.25 MHz spacing
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Table 2.1 -4 Details of Self -Interference Values Resulting in 17 dB of Maximum C/| for
OFDM Transmission and Demodulation

Contribution of Self ~ -Interference Er / E;)w Note

Base-band pulse shaping waveform Not Applicable OFDM transmission and
demodulation to eliminate
pulse IS |

Radio noise floor 20dB With improved Tx -Rx. Noise
performance

ADC quantization noise 20 dB 4-bit A/D converter

Adjacent channel interference Not applicable Guard tones to eliminate
ACI

The maximum C/I achievable in the subscriber receiver is limited by several sources,

including inter -chip interference induced by the base  -band pulse shaping waveform, the

radio noise floor, ADC quantization error, and adjacent carrier interference. For 1xEV -DO

BCMCS, the noise floor associated with the maximum C/I li mitation is modeled as

described in  Section 2.2.2 and Appendix S .

In the system level simulation, the noise floor associated with the maximum C/I limitation
can be chara cterized by the parameter & , given by
1
a=—-—— 2.1-2
(C/ I )max

where (C/I)max denotes the maximum achievable C/I for the subscriber receiver. As
indicated in  Table 2.1-1, (C/I)max is assumed to be 13.5 dB for the current IS -95 and

cdma2000 1X subscriber receivers, and 17.8 dB for improved 1xEV -DV/1xXEV -DO designs.
Thus, a = 0.045 and a = 0.0166 for maximum C/I values of 13,5 dB and 17.8 dB,

respectively.

In the system level simulation for CDM transmission with Rake demodulation , the effective
C/I shall be given by

1
(C/I )effective = # 2.1-3

(C/1)

combined

where (C/I)Combined is the instantaneous signal -to-interference ratio after pilot -weighted

combining of the Rake fingers (see section 2.2.2 for detail). The effective signal -to-
interference ratio, (C/ I)effecﬂve, accounts for the interference sources associated with the

maximum C/I limitation, and shall be used as the C/I observed by the mobile station
receiver.




©O© 00N O a b~ WN B

B oR e
N P O

13

14
15
16

17
18
19
20
21
22
23
24

25
26
27

28
29
30
31
32

33
34
35
36

37
38

39
40
41

3GPP2 C.R1002 -B v1.0

The channel between the serving cell and the subscriber is modeled using the channel
models defi ned in section 2.2.2. The channel between any interfering cell and the
subscriber can be modeled as a one -path Rayleigh fading channel, where the Doppler of the
fading process is randomly chosen based on the ve locities specified in  Table 2.2-1 and its
corresponding probabilities.

If transmit diversity is used in cdma2000 1x and 1XEV -DV systems, the transmit diversity
PA size shall be the same as the main PA size, 12.5% of the main PA po wer shall be used
for the Pilot Channel and 7.5% for the Paging Channel and Sync Channel. The Transmit
Diversity Pilot Channel power is half the power of the Pilot Channel. For example, if the

main PA size is 20 W, then the transmit diversity PA size is 20 W, 2.5 W of the main PA is
for the Pilot Channel, 1.5 W of the main PA for the Paging Channel and Sync Channel, and

1.25 W of the transmit diversity PA is for the Transmit Diversity Pilot Channel.

2.1.3 Dynamical Simulation of the Forward Link Overhead Channe Is

Dynamically simulating the overhead channels for 1xEV -DV or 1xEV -DO systems is
essential to capture the dynamic nature of power and code space allocation to these
channels. The simulations shall be done as follows:

1) The performance of the new overhead ¢ hannels (other than the Pilot, Sync, and
Paging Channels for 1XEV -DV systems or the Pilot and control channels for 1XxEV -
DO systems) must be included in the system level simulations. The Pilot Channel,

Sync Channel, and Paging Channel are taken into account as part of the fixed
overhead (power and code space) in 1XEV ~ -DV systems. For 1xEV -DO systems, the
Pilot, preamble, and the total FL MAC shall be transmitted at full BTS power (20 W),

and the 38.4 kbps and 76.8 kbps Control Channels are taken into account as part
of the fixed overhead (as a fixed percentage of the total transmission time).

2) There are two types of these new overhead channels: static and dynamic. A static
overhead channel requires fixed base station power. A dynamic overhead channel
requires dynamic base station power.

3) The system level simulations do not directly include the coding and decoding of
these new overhead channels. There are two aspects that are important for the
system level simulation: the required Ec/lor during the simulation interval (e.g., a
power control group or slot) and demodulation performance (detection, miss, and

error probability A whatever is appropriate).

4) The link level performance is evaluated off -line by using separate link -level
simulations. A quasi -static appro ach shall be used to conduct the link -level
simulation. The performance is characterized by curves of detection, miss, false
alarm, and error probability (whatever is appropriate) versus Eb/No.

5) For static overhead channels, the system simulation should co mpute the received
Eb/No.

6) For dynamic overhead channels with open -loop control only, the simulations should
take into account the estimate of the required forward link power that needed to be
transmitted to the mobile station. For dynamic overhead channel s that use closed

10
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7

8)
9)

loop feedback, the base station allocates forward link power based upon the
combination of open -loop and closed -loop feedback. During the reception of
overhead information, the system simulation should compute the received Eb/No.

Once th e received Eb/No is obtained, then the various miss error events should be
determined. The impact of these events should then be modeled. The false alarm
events are evaluated in link -level simulation, and the simulation results will be
included in the e valuation report. The impact of false alarm, such as delay increases
and throughput reductions for both the forward and reverse links, will be
appropriately taken into account in system -level simulation.

The Walsh space utilization shall be modeling dynami cally for IXEV -DV systems.

All new overhead channels shall be modeled.

10) If a proposal adds messages to an existing channel (overhead or otherwise), the

214

proponent shall justify that this can be done without creating undue loading on this
channel. If a propo sal requires an additional overhead channel of the type that is
already in the system under evaluation, then the proposal shall include the power
required for this channel. The system level and link level simulation required for
this modified overhead cha nnel as a result of the new messages shall be performed
according to 3) and 4), respectively.

Reverse Link Modeling in Forward Link System Simulation

The proponents shall o nly model feedback errors (e.g., power control, acknowledgements,
rate indication, etc.) and measurements (e.g., C/l measurement) without explicitly modeling
the reverse link and reverse link channels. In addition to supplying the feedback error rate
average and distribution, the measurement error model and selected parameters, the
estim ated power level required for the physical reverse link channels will be supplied
(including those used for fast cell selection even though it is not going to be explicitly
modeled for the 1XEV -DV or 1xEV -DO system simulations).

2.15

Signaling Errors

Signaling errors shall be modeled and specified as in Table 2.1-5.

11
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Table 2.1 -5 Signaling Errors

Signaling Channel Errors Impact

ACK/NACK channel Misinterpretation, missed Transmission  (frame  or
detection, or false de tection | encoder packet) error or
of the ACK/NACK message duplicate transmission

Explicit Rate Indication Misinterpretation of rate One or more transmission

errors due to decoding at a
different rate (modulation
and coding scheme)

User identification channel A user tries to decode a One or more transmission
transmission destined for errors due to HARQ/IR
another user; a user misses combining of wrong
transmission destined to it. transmissions

Rate or C/l feedback Misinterpretation of rate or Potential transmission errors

channel (DRC or eq uivalent) C/ll for DRC feedback
information

Fast cell site selection Misinterpretation of selected Transmission errors

signaling, e.g., transmit sector; misinterpretati on of

sector indication, transfer of frames to be retransmitted.

H-ARQ states etc.

Proponents shall quantify and justify the signaling errors and their impacts in the

evaluation report. As an example, if an ACK is misinterpreted as a NACK (duplicate
transmission), the packet call th roughput will be scaled down by (1  -pack), where pack is the
ACK error probability.

2.1.6 Fairness Criteria

2.1.6.1 Fairness Criterion with  the Normalized CDF of the User Throughput

Because maximum system capacity may be obtained by providing low throughput to some
users, it is important that all mobile stations be provided with a minimal level of
throughput. This is called fairness. The fairness is evaluated by determining the
normalized cumulative distribution function (CDF) of the user throughput, which meets a

predetermined function in two tests (seven test conditions). The same scheduling
algorithm shall be used for all simulation runs. That is, the scheduling algorithm is
not to be optimized for runs with different traffic mixes. The proponent(s) of any

proposal are also to specify the scheduling algorithm.

Let Tyt [K] be the throughput for user k. The normalized throughput with respect to the

average user throughput for user k, :I:put[k] is given by

12
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ToulK]

ToulK] = =22
PUt[ ] a\_/ngut[i]

2.1-4

The CDF of the normalized throughputs with respect to the average user throughput for all
users is determined. This CDF shall lie to the right of the curve given by the three points in

Table 2.1-6.

Table 2.1 -6 Criterion CDF

Normalized CDF
Throughput w.r.t
average user

throughput
0.1 0.1
0.2 0.2
0.5 0.5

This CDF shall be met for the seven test conditions given in the following two tests:

Test1 & for FTP, six test conditions

f
1
f

Single path Rayleigh fading
3, 30, 100 km/h

All FTP users, with buffers always full 0 Note that this model differs from the
FTP traffic model specified in section 41.4

10, 20 users dropped uniformly i n a sector

80% (for cdma2000 1x and 1xEV -DV systems) or 100% (for 1xEV -DO
systems) of BS power available for data users; max. BS power = 20 w

Full BS power from other cells

The 6 test conditions are the combinations 3, 30, and 100 km/h with 10 and
20 FTP u sers per sector

Test 2 o for HTTP, one test condition

Single path Rayleigh fading
3 km/h

HTTP users, with traffic model provided in Table 2.1-7 & Note that this traffic
model differs from the HTTP traffic model specified in section 4.1.3

44 users dropped uniformly in a sector

13
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T 70% (for cdma2000 1x and 1xEV -DV systems) or 100% (for 1XEV -DO
systems) of BS power available for data users; max. BS power = 20 w
1 Full BS power from other cells
Table 2.1 -7 Web Browsing Model Parameters
Process Random Variable Parameters
Packet Calls Size Pareto with cutoff A=1. 2, k=4.5 K H
Mbytes, 1T = 25 Kb]
Time Between Packet | Geometric T = 5 seconds
Calls
2.1.6.1.1 A Generic Proportional Fair Scheduler
Although the proponent of a proposal is free to use any scheduler, a generic proportional -
fair scheduler [31,32], for f  ull -buffer traffic model, with a priority function Pi(k) is given
below for reference:
=R 2.1-5
N a A-
gn (k) g
where k is the slot index, R (k) is the data rate potentially ~ achievable for the i -th mobile

station based upon the reported C/I and the power available to the F
t-th maobilegstatipruup 6o timefk, ahch e a is the fairness

average of ai
exponent factor with the d

to be

follows:

(o

bT(k-1) €1 -HN (k 1)

where

t is setto 1.5s,

rness

serviced

-PDCH, T, (k) is the

efault value chosen as 0.75. Users with the highest priority are
selected for service. The number of users selected is dependent upon the number of users

simultaneousl! y.

if the i-th MS was not scheduled at time~12 L
if the i-th MS was scheduled attimek -

The average

1

1

_1.28 10°

167 10°

t

Ni(k-1) is the number of bits delivered to the MS at time
initia lized to a small value greater than zero.

for 1x EV-DV Systems

for 1XEV-DO Systems

14
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k-1 and Ti should be

of ai
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2.1.6.2 Fairness Criterion with Geometric Mean and Harmonic Mean

The fundamental problem

throughput is that this fairness criteri

of using the fairness criterion with the n
on takes the form of an a bsolute bound on relative

throughput. This means that it is possible that when there is extra capacity available for
some users but not for others, the potential extra service is disallowed, as it would violate

the fairness criteria. Yet it is surely alway

service of some users, while not reducing service on any other users.

A second problem is that the fairness criterion

throughput is divorced from the final metric, the sum

s of positive benefit to be able to improve the

ormalized cdf of the user

with the n ormalized cdf of the user

effectively defines a set of feasible allocations, and the goal becomes to maximize the sum

throughput over this feasible set. This problem is generally non
iterative simulation runs searching

parameters, especially since it is difficult a priori to know if a given scheduling policy will
|l ead to a feasible allocation. The
non -trivial an d often non -transparent, and in the end are not really the appropriate

tradeoffs in realistic networks, due to the artificial nature of the fairness bound.

In this criterion a single metric is determined from the set of full

compl ex

applie s different weighting (in the form of utility) to different levels of throughput. This
metric is to be optimized for each simulation scenario and used for comparison across
proposals. Due to the nature of the variable weighting across rates, a limitation o
distribution of MS throughputs is a direct result of optimizing the metric. Hence no further
criterion on throughput fairness is required. This method is to be used both for pure full

buffer simulations and for mixed simulations which include full
case, only the throughputs of the full

There are two separate metrics that are to be used for full
the first using geometric mean (GM) and the second usin

to these as GMM (geometric mean method) and HMM (harmonic mean method),
respectively. The comparison methods under GMM and HMM are identical, other than the
specific metric computation. When using GMM, network resources sh
optimize the GM, and when using HMM they should be allocated to optimize the HM.
Hence, a separate simulation run is performed for the GMM and HMM comparisons.

Let I be the vector of throughputs from the simulati

network, let S be the set of sectors, and let

on run of the full

M be the set of full -buf f er

ould be allocated to

sector s is the serving sector, and which are not in outage. The GMM metric is computed

as

_ 1 ..
UM =——a

set¢ 9S

NS le O ri

il Mg

-throughput. The fairness criterion

-trivial, and often leads to
for this optimal point for each set of simulation

tradeof fs

-buffer throughputs which

n the

-bu ffer users. In the latter
-buffer users are used for these comparisons.

-buffer performance comparison,
g harmonic mean (HM). We refer

buf fer MS 06 s i
MS 06 s for
2.1-8
N. is

where N, is the number of sectors in the network (57 in the standard layout), and

the number of mobiles in

M. The HMM metric i

15
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N 1 .. .1
Uy (M) = a N 1 1 2.1-9
se¢ §S = a =
Ns i Mg ri
The following steps are to be performed for the full -buffer throughput comparison:
1) Determine if GMM or HMM will be used
2) Run the simulation (FL or RL, as desired ), which includes some full  -buffer users,

optimizing resource allocation as appropriate for GMM or HMM

3) From the full -buffer throughput T vector determine U gy (1) or Uy (7) using

the appropriate equa tion above

4) Report the U,y (7)) or U,y (7) value as appropriate for comparison across

proposals

5) Report MS Relative throughput and average sector throughput as well

2.1.7 C/l Predictor Model for System Simulation

Each company shall use their own prediction methodology and describe the prediction
method in enough detail so other companies can replicate the simulations. This shall
include the timing diagram from measurements at the mobile to scheduling decisions at the
base stati on based on those measurements. Furthermore, this delay shall be explicitly
modeled in the system level simulator.

2.2 Link Level Modeling

2.2.1 Link to System FER mapping

The performance characteristics of individual links used in the system simulation are
generated a priori from link level simulations. Link level simulation parameters are
specified in Appendix J.

Turbo Decoder Metric and Soft Value Generation into Turbo Decoder shall be as specified
in Appendix H.

The quasi -static approach with fudge factors or with short term FER shall be used to
generate the frame erasures for both the 1xEV -DV packet data channel and the 1xEV ~ -DO
Forward Traffic Channel (FTC), dynamically simulated forward link overhead channels,

voice and SCH (applicable only to 1IXEV ~ -DV), as de scribed below. Equivalent SNR approach
shall be used to generate the frame erasures for the OFDM -based forward traffic channel
(FTC) in 1XEV -DO BCMCS , as described below.

If the BCMCS proposal uses a Reed Solomon (RS) outer code, then the frame erasures
generated above constitute the erasure events at the input to the outer code. This is used to
generate packet erasures at the output of the RS decoder as follows:

16
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Suppose the RS code is specified by the ordered triple (N, K, R), where N is number of octets

in a RS code word, K is the number of data octets in a RS code word, and R=N -K is the
number of parity octets in a RS code word. Each code word of the RS code contains a data
octet from N consecutive turbo coded packets. A set of N consecutive turbo coded p ackets

(at the input to the RS decoder) spanned by a RS code word is referred to as an error
control block. An error control block contains K data packets and R parity packets. If an

error control block contains at most R packet erasures, then the RS outer

code recovers all

erasures in the error control block, and all K data packets in the error control block are
successfully passed on to the higher layer. If the error control block contains more than R
packet erasures, then the unerased data packets in the error control block are passed on to
the higher layer, while the remaining data packets constitute erasure events at the output

of the RS outer code.

2.2.1.1 Quasi-Static Approach with Fudge Factors:

Quasi -static approach with fudge factors shall be used for 1x EV-DV Packet Data Channel,

1XEV -DO FTC, and Dynamically Simulated Forward Link Overhead Channel.

The aggregated Es/Nt is computed over a transmission period and mapped to an FER using
AWGN curves. The proponent shall select one of two possible methods to d etermine the

FER:

a) Map the aggregated Es/Nt directly to the AWGN curve corresponding to the given

modulation and coding.

b) Adjust the aggregated Es/Nt for the given modulation and coding and lookup a

curve obtained using a reference modulation and coding.

Fur thermore the proponents shall account for an additional Es/Nt loss at higher Dopplers

for either method.

Full details of the quasi -static frame error modeling with fudge factors are given in the

Appendix F.

2.2.1.2 Quasi -Static Approach with Short Term FER:

The qu asi-static approach with short term FER may be used to generate frame erasures for
voice, SCH, and F -PDCH for 1XEV -DV systems. The quasi -static approach with short term
FER may be used to generate frame (i.e. physical -layer packet) erasures for the Forward

Traffic Channel (FTC) for 1XxEV  -DO systems.

A full set of short term FER vs. average Eb/Nt per frame curves is generated as a function
of radio configurations, transmission diversity schemes (if applicable), channel models,
different ways of soft hand -off (SHO), different SHO imbalances, and geometries. The

number of curves should be reduced
validity of this quasi -static approach.

All companies shall use the same set of short term FER vs. average Eb/N

17
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In the system -level simulation, the average Eb/Nt per frame is computed as follows. First,

the average Eb/Nt is calculated in a PCG (slot). The short -term average Eb/Nt per frame is
defined as the average of the average Eb/Nt for all N s P C G ddots) in a frame (physical

layer packet), i.e.,

"o

E,_1}4E,
Nt NS nzlés\lt

where (Eb/Nt) , is the average Eb/Nt in the n -th PCG (slot) in a frame (physical -layer
packet). Note that finger combining and se If-interference are applied before the average
Eb/Nt in a PCG (slot) is calculated. Once the Eb/Nt is calculated as in the above equation,

it is used to look up the corresponding link level short term FER vs. average Eb/Nt per

frame curves for the specific ~ condition (i.e., radio configuration, transmission diversity (if
applicable) scheme, channel model, way of soft hand -off (SHO), SHO imbalance(s), and
geometry). A frame erasure event is then generated based on the FER value.

22-1

3'|'®Ol

If a short term FER vs. avera ge Eb/Nt per frame curve is not available for a condition, the
curve should be computed by interpolating those curves for similar conditions (e.g.,
between the factors for closest geometries available).

The short term FER vs. average Eb/Nt per frame curves shall be generated as follows:

1. Thelink -level simulation is conducted for a specific condition. The average Eb/Nt in a

frame and the frame erasure indicator for the frame are recorded. For 1XEV -DV
systems, the average Eb/Nt per frame is computed as follow s in the link -level
simulation

2.2-2

where n is the index of PCG in a frame and k is the index of symbols within a PCG.
S{™ s the signal componentinthe k  -th received coded symbol inthe n  -th PCG, n™

is the noise and interference component in the k -th received symbol inthen  -th PCG in
a frame, and m is the inverse of the code rate (i.e., 4 for RC3 and 2 for RC4, etc). For
1XEV -DO systems, the average Eb/Nt per slot is computed as follows in the link -level
simulation
15 L EMY
( b) aa—>— 2.2-3

iy k.|
t I\/Ikll—l N(n )

where M equals to the number of information bits per packet; n is the slot index and
k is the symbol index within a slot; | is the path index, where the total number of
captured paths is denoted by L; the total number of symbols per slot is K;
Eé”'k") denotes the signal energy in the k  -th received symb ol in the n -th slot in the
physical -layer packet at the | -th RAKE finger, and Nt("’k") denotes the noise and

interference variance in the k  -th received symbol in the n  -th slot in the physical -
layer packet seen atthe | -th RAKE finger.

18
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2. Generate the histogram of FER vs. the average Eb/Nt per frame, i.e., the range of Eb/Nt
is divided into many bins, and the FER in each bin is computed based on the outputs
mentioned in step 1. The size of each bin is 0.25 dB.

2.2.1.3 Equivalent SNR Approach:

Equivale nt SNR approach defined in Appendix T  shall be used to generate the frame
erasures for the OFDM -based forward traffic channel (FTC) in 1XEV -DO BCMCS .

The equivalent SNR of the frame is computed over a transmission period and mapped to an

FER using the AWGN reference curve. The AWGN reference curves are obtained by
simulating the turbo code performance on an AWGN channel for each transmission format,

defined by payload size and number of slots. The equivalent SNR of each frame is
calculated from the SNR per tone at the output of the FFT demodulator . The SNR per tone
is calculated considering coherenc e loss due to Doppler , inter -tone interference, and
channel estimation loss.

Equivalent SNR Method based on Convex Metric (ECM) described in Appendix O  shall be
used to generate frame erasures for UMB system. Justification on the parameter values
used shall be provide d by each proponent. The link level statistics that are used for
generating the short -term FER curves for link -to-system mapping is shown in Appendix ~ W.

2.2.2 Channel Models

2.2.2.1 Channels model based on ITU channel model

A channel model corresponds to a specific number of paths, path delay and power profile
(ITU multi -path models), and Doppler frequencies for the paths.

Table 2.2 -1 Channel Models

Channel Multi -path # of Fingers Speed Fading Assignment
Model Model (kmph) Probability

Model A Pedestrian A 1 3 Jakes 0.30

Model B Pedestrian B 3 10 Jakes 0.30

Model C Vehicular A 2 30 Jakes 0.20

Model D Pedestrian A 1 120 Jakes 0.10
Model E Single path 1 0, fp=1.5Hz Rician Factor 0.10

K=10dB

The channel models are randomly assigned to the various users according to the
probabilities of Table 2.2-1 at the beginning of each drop and are not changed for the
duration of that drop. The assignment probabilities given in Table 2.2-1 are interpreted as

19
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the percentage of users with that channel model in each sector. The JTC fader (see
Appendix K) shall be used to generate  the Jakes fading samples.

For CDM transmissions with Rake demodulation, each multipath model (Pedestrian A,
Vehicular A/B etc) is characterized in terms of the number of Rake fingers (resolvable

paths), the Delay and Fractional Recovered Power (FRP) of eac h finger, and the Fractional
UnRecovered Power (FURP). The FRP and FURP are given in Table 2.2-2. FURP shall
contribute to the interference of the finger demodulator outputs as an independent fader.

The power on all fingers (incl uding FURP) for each channel model shall be normalized so
that the total power for that channel model adds up to unit one.

Table 2.2 -2 Fractional Recovered Power and Fractional UnRecovered Power

Model Fingerl Delay Finger2 Delay (Tc) | Finger3 Delay (Tc) | FURP (dB)
(dB) (dB) (dB)

Ped-A | -0.06 0.0 -18.8606

Ped-B | -1.64 0.0 -7.8 1.23 -11.7 2.83 -10.9151

Veh-A | -0.9 0.0 -10.3 1.23 -10.2759

The delay values given in  Table 2.2-2 are for information purposes and do not need to be
accounted for in the system simulation.

For OFDM transmission and demodulation of 1xEV -DO BCMCS , each multipath model
(Pedestrian A, Vehicular A/B etc) is characterized in terms of the total number of paths,

together with actual power -delay profile of the multipath channel. For each multipath
model, the power on all paths shall be normalized so that the total power adds up to one.

The parameters of the multipath models for OFDM transmission and demodulation are
givenin Table 2.2-3 and Table 2.2-4.

Table 2.2 -3 Relative Power of each Multipath Model (in dB)

Model # Paths 1 2 3 4 5 6
Ped-A 4 0 -9.7 -19.2 -22.8

Ped B 6 0 -0.9 -4.9 -8.0 -7.8 -23.9
Veh-A 6 0 -1.0 -9.0 -10.0 -15.0 -20.0

Table 2.2 -4 Delay of each Multipath Model (in ns)

Model # Paths 1 2 3 4 5 6
Ped-A 4 0 110 190 410

Ped B 6 0 200 800 1200 2300 3700
Veh-A 6 0 310 710 1090 1730 2510
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The channel between the serving sector(s) and the subscriber is modeled using the
multipath profiles defined above. The channel between any interfering sector and the
subscriber can be modeled as a one -path Rayleigh fading channel, where the Doppler of the
fading process is randomly chosen based on the velocities and its corresponding
probabilities specified in ~ Table 2.2-1.

2.2.2.2 Channels model based on SCM

2.2.2.2.1 Channel model for system lev el simulations

The 3GPP2/3GPP spatial channel model (SCM) [41] shall be used for all system level
simulations. The Urban Macro -cellular environment is mandatory and the parameters of
Table 2.2-5 shall be used for configuring the m odel.

Table 2.2 -5 Macro -cellular Environment Parameters

Channel Scenario Urban Macro
Number of paths ( N) 6
Number of sub -paths ( M) per-path 20
Mean AS at BS E(S 55)=15 deg
AS at BS as a lognormal RV 15deg
Sxs 207 & kI~ (0,1 Ms=1.18, €,5=0.210
Fas =S aon! S as 1.3
Per-path AS at BS (Fixed) 2 deg
BS per -path AoD Distribution standard h(0,5 2 p)where S 50 =TxsS as
distribution
Mean AS at MS E(sAS, MS)=68 deg
Per-path AS at MS (fixed) 35 deg
MS Per -path AoA Distribution h(0,s 5 A(PN)
Delay spread as a lognormal RV nDS = -6.18
Sps 207 X gk~ (0.1 eDS =0.18
Mean total RMS Delay Spread E(S p5)=0.65 ns
Fos =S delays! S bs 1.7
Lognormal shadowing standard deviation, 8.9dB
S sk
Pathloss model (dB), d is in meters 28.6 + 35log10(d)
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velocities are biased towards pedestrian speeds.

Table 2.2 -6 Quantized Velocity Profile

3GPP2 C.R1002 -B v1.0

Table 2.2-6. Because of the choice of urban macrocell,

Percentage Velocity (km/h)
35% 3
30% 30
20% 60
15% 120

The carrier frequency for all simulations is assumed to be 2.0 GHz.

2.2.2.2.2 Channel model for link level simulations

For link -level simulations, that excludes link to system mapping simulations, spatially
extended ITU profiles will be used.

integer sample number, i.e.

Table 2.2 -7 ITU Profiles for Link Level Simulations

ITU Model Velocity (km/h)
AWGN 0
Ped-A 3
Ped-B {3,30}
Veh-A {30,120}

For technologies that use a cyclic prefix, the path location will be equal to the closest
no FURP modeling is needed.

Table 2.2 -8 ITU Profiles Spatial Extension Parameters

Channel Scenario

Urban Macro

AS at BS S as =15°
Per-path AS at BS (Fixed) 2 deg

AS at MS SAs, Ms=680
Per-path AS at MS (fixed) 350

AoDs

As specified in  Table 2.2-9

AOAS

As specified in Table 2.2-9
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Table 2.2 -9 Path power, AoD, AcA

Path Power Path AOD (rad) Path AoA (rad)
Ped-A 0.889345301 0.346314033 1.737577272
0.095295066 -0.05257642 -1.55645
0.010692282 -1.817837659 -1.049078459
0.00466735 -0.836999548 0.345571431
Ped-B 0.405688403 -0.13638548 1.319340881
0.329755914 0.302249557 -0.119072067
0.131278194 0.496051618 0.901442565
0.064297279 0.544719913 -1.424448314
0.067327516 0.212670549 -3.062670939
0.001652695 -0.604134536 -1.202289294
Veh-A 0.48500285 -0.46084874 -0.780118399
0.385251458 -0.897480352 -1.729577654
0.061058241 -0.525 726742 1.792547973
0.048500285 0.00282531 1.776985779
0.015337137 -1.016095677 1.386034573
0.004850029 0.245512493 3.50389557

The fading coefficient generation will be the one described

3GPP2/3GPP SCM [41].

2.2.2.2.3 Channel model for vi

rtual decoder generation and verification

in section 5.3 of the

The 3GPP2/3GPP2 SCM channel model for the urban macro environment will be used for
generating the Virtual Decoder and Fudge Factors. The velocities of 3, 30 and 120 km/h

will be used. The values in Appendix V repre sent 64 realizations of the SCM urban macro
environment.

2.2.3 C/I modeling for system simulation
Each channel model shall be modeled in the system level simulation as follows:

In the system level simulation for CDM transmissions with Rake demodulation , the
inte rference due to unrecovered power shall be modeled as an additional ray that is not
demodulated by the Rake receiver. Let J denote the number of rays used in a particular
channel model, excluding the ray used to model FURP. The average power assigned to each
of the rays is given in  Table 2.2-2. The average power assigned to the ray used to model
FURP is also given in Table 2.2-2. The recovered rays and the additional ray used to model
the unrecovered power all fade independently of each other.
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Let {gl}ij:l denote the samples of the fading processes, for a particular PCG, of the J
recovered rays. Let / denote the sample of the fading p  rocess for the additional ray used to
model interference due to the unrecovered power, for a particular PCG. Let {(C/I )i}ijzl

denote the signal -to-interference ratio for each of the Rake fingers, which can be expressed
as

g
(cn) = | _ 2.2-4
G+ & lal
16keI K, i

where G denotes the subscriber geometry, given by
E
G= S x 2.2-5
N 2
No +@ loc (] o
n=1

N is the number of interfering sectors, I, is th e fading process of the ray between the
receiver and the n -th interfering sector for a particular PCG, N o is the variance_of the
thermal noise including the mobile station noise figure defined in Table 2.1-1, IEOr is the
total energy per chip averaged over fading and received from the serving sector, and loc(N) is
the total energy per chip averaged over fading and received from the n -th interfering sector.
In the system level simulation, the Rake fingers shall be combined using pilot -weighted
combining. The signal -to-interference ratio at the output of the pilot -weighted combiner is
given by
2 ] 2
a. 20
a8 g 0
— i=1 -
(C/l )combined_ ] ¢ 2.2-6

Alof B i+ & lalg
j=1 Q 16keJ k, | -

This combined C/I shall further be limited by a C/I ceiling as described in section 2.1.2.

For system level simulations including transmit diversity (STS), the channels between the

two transmit antennas and the subscriber are assumed to fade independently of each
J

other. T he channel models are taken from  Table 2.2-1. For a particular PCG, let {g{ }i=1 and

{j }le, respectively, denote the samples of the fading processes for the J recovered rays of

the first and second antennas. Let / and / , respectively, denote the sample of the fading
process for the additional rays used to model interference due to the unrecovered power for
the first and second antennas.

Let {(C/I )li}iJ:l denote the signal -to-interference ratio of Rake fingers demodulating symbols

transmitted from the first antenna. For transmit diversity using STS, one -half of the energy
of a given code symbol is transmitted on each of the antennas. If all code channels are
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transmitted using transmit diversity, the signal -to-interference ratio of the i  -th Rake finger
can be expressed as

lol/2

PO W s >
o' BT & lar
e 16keJ K, i u 2.2-7

/)=

Let {(C/I )Zyi}il denote the signal -to-int erference ratio of Rake fingers demodulating symbols

transmitted from the second antenna, which can be expressed as
~ 12
g’ /2

L, 163 ~128 . -
6o e+ 8 & (o7 +i R
e 16ked k, u

2.2-8

cn), =

The signal -to-interference ratio for STS with pilot ~ -weighted comb ining of the Rake fingers in
both delay and diversity is given by

142 2\
! (Ha i +HgiH2)9
Ci=1 -

(C/I )STS, combined = J é_ 1 é ) ~ 2.2-9
" 2 1~ 12|t CA 2 LITIPD, 2 =2
4 (jof o+ LT T8 & 1o 1l B
j=1 o e@ T I6KEI K, =
This combined C/I shall further be limited by a C/I ceiling as described in section 21.2.
The alternative approach to obtain the combined C/l in the system level simulation for
CDM transmissions with Rake demodulation is shown in  Appendix S . This approach can be

used for 1XEV -DO BCMCS.

In the simulation for OFDM transmission and demodulation of 1IXEV -DO BCMCS , the SNR
of each tone at the output of the FFT operation in the OFDM demodulator is computed as

follows. This model assumes all cells are in broadcast mode, tran smitting the same OFDM
symbols .

Let Lg, Ag and S g denote the path loss, antenna gain and log -normal shadowing process,
respectively, from the  s-th sector to the mobile station. Let [ s denote the absolute delay of

j-th path from the  s-th sector and let &;, denote the complex channel gain of the fading

process for this path to the i-th receiver antenna (2 -way diversity is assumed with i=[0,1]).

The absolute delay [, may be expressed as [ = =+ [, where d. denotes the distance of

C
the s-th sector from the mobile station, ¢ denotes the speed of light, and l‘j denotes the

S

delay of the j -th multipath component, as specif ied in Table 2.2-4. The complex channel
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gain &; is modeled as a (Jakes or Ricean) fading process with Doppler specified in Table
2.2-1 and power of the j -th multipath component as specified in Table 2.2-3.
Let C,(f) denote the baseband frequency response of composite channel from all sectors s to

the i-th diversity antenna. The composite channel can be expressed in terms of a;s and fjs

C(f)=4 JLAS a, e™" 2.2-10

Let G(f) denote the frequency response of the baseband transmit pulse shaping filter and

as follows

assume the receiver filter is mat  chedto G(f).

Let 1(K), k=[-N/ 2, ¢ ,-N,/dénote the complex information symbol transmitted at tone k
k
at baseband frequency of  f, = m , where N is the OFDM symbol length and T is the chip

period. Default parameters are N=320and T =1/1.2288 1(°.

The effective channel response H ¢ associated with the k -th OFDM tone atthe i -th diversity

antenna is given by

_ 1. m Q
= Gae]c -—a G aelc = 2.2-11
T am‘ c T% S
Note that m=- 1,01 is sufficient to capture the significant alias components since G(f)is

approximately band -limited to [ -1/2T, 1/2T].

Following cyclic prefix extraction and FFT operation at the demodulator, the corresponding
received sample Y[K] for tone k is given by:

Yi[k] =H; g B I[k] + N[K]

where E_is the transmit energy per chip, g, is the normalized tone power, Hijk is the

2.2-12

effective channel response of the k -th tone at the i -th diversity antenna, and N(K) is a

complex Gaussian noise term corresponding to the receiver noise floor(including thermal
noise floor and SNR ceiling of the receiver). The normalized tone pow er g, is the ratio of the

power allocated to the  k-th tone to the average power of the tones. Typically, g, will be

greater than 1.0 due to the presence of guard tones. For a system with 320 subcarriers and
16 guard tones, if the signal energy is allocated uniformly among the 304 non  -guard tones,

320
then the normalized tone power of any non -guard tone is given by g = ﬁl The variance

of N(K)is determined by the autocorrelation of the receiver filter as follows
2 _ 2
EIN[K]® = Ngs¢

2.2-13
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alght 25mE6
T K a?\l—ga‘H,m‘ 8R(0)
s _ = € |Jﬂ , i2p CN =+ m=0 gNo -
si=a & JuR(iT)e N + C i
=Ne &0
¢l Finax 2.2-14

where R, (t)is the autocorrelation of the baseband pulse g(t)

R,(t) = fp(t+9s) g’ (s)ds

2.2-15

and (C/l) max denotes the maximum achievable  C/I for the subscriber receiver, a s specifi ed
in Table 2.1-1 and Table 2.1-4

The demodulated symbol SNR of the  k-th tone for the i-th diversity branch is given by

SNRi, k]“ %QKEg ‘H'Z ékp”%
EN, 0

2.2-16
where P 1y is the total per sector  transmit power, W is the chip -rate, and N ( is the thermal
noise spectral density at the subscriber receiver.

2.3 Simulation Flow and Output Matrices
Either the center cell method or the iteration method shall be used.

The total simulation time per drop sha Il be long enough to guarantee residual FER to be
102 with certain confidence level. The required upper layers to guarantee the TCP input
FER to be 10 -4 is not modeled.

2.3.1 Simulation Flow for the Center Cell Method
The simulation will make the following assumptions:

1. The system consists of 19 hexagonal cells. Six cells of the first tier and 12 cells of
the second tier surround the central cell. Each cell has three sectors.

2. Mobiles are first dropped uniformly throughout the system. Each mobile
correspond s to an active user session. A session runs for the duration of the drop.
Mobiles are assigned channel models described in Table 2.2-1 with the given
probabilities.

3. Applicable to 1XEV ~ -DV only: For simulation of systems loaded onl  y with voice -only
mobiles, the first run is done with five mobile stations per sector and every run
following that is done with five more mobile stations per sector until the outage
criteria are violated, after which every run is done with one less mobile until the
outage criteria are satisfied. The maximum number of users per sector of N max (voice
capacity) is achieved if N max + 1 users per sector would not satisfy the outage criteria
and N max users per sector would.
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For simulation of the system loaded onl y with data -only mobiles, the runs are done
with an increment of two mobile stations per sector.

Applicable to 1XEV  -DV only: With voice -only and data -only mobile stations in the
same simulated system, the number of voice -only mobile stations is fixed at
€0.5N maxU or €0.8N naxU per sector. The number of data -only mobile stations is
incremented by two mobile stations per sector for each successive simulation run.

Mobile stations are randomly dropped over the 57 sectors such that each sector has

the required numbers of voice (1XEV -DV only) and data users. Although users may
be in soft -handoff, each user is assigned to only one sector for counting purposes. A
data user shall be assigned to a sector if the sector is its primary server. To simplify

the 1xEV -DV simulation, only two -way or three -way handoff is used for voice users.
A 1XEV -DV voice user on a two -way or three -way soft handoff counts as %2 or 1/3 a
user on each of the sectors in the Active Set, respectively. All sectors of the system
shall continue ac cepting users until the desired fixed number of data/voice users
per sector is achieved everywhere.

Fading signal and fading interference are computed from each data/voice mobile
station into each sector for each PCG (slot) or equivalent power control rela ted time
interval.

The total simulation time per drop will be 10 minutes excluding any time required
for initialization (~10 sec). The total number of drops per run is 12 for a total
simulation time of 2 hours per condition.

Packet calls arrive as per the  HTTP model of section 4.1.3. Packets are not blocked
when they arrive into the system (i.e. queue depths are infinite).

WAP is modeled as per section 4.1.5.

FTP is modeled as per section 4.1.4. FTP results presented shall be from a stable
system. That is a system in which the average rate of FTP users exiting the system
is equal to the average rate of FTP users entering the system.

Near real time video is modeled as per  section 4.1.6 .
Packets are scheduled with a packet scheduler.

The ARQ process is modeled by explicitly rescheduling a packet as part of the
current packet call after a specified ARQ feedback delay period.

Simulation flow with d ata-only mobiles or voice -only and data -only mobiles
simultaneously is shown in Figure 2.3.1-1:

Forn=0, é0.5N maxUor é0.8N maxUvoice-only mobiles per sector (IXEV  -DV only),
For each k data -only users (to be incremented by 2),

a. Place n voice users in each sector of all cells (1XEV -DV only).

b. Keep adding data users until the quality of service criteria are not met.

c. Collect results according to the output matrix.
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16. Only statistics of the mobiles of the center cell are collecte d.

17. All 57 sectors in the system shall be dynamically simulated.

Load System with O, Voice applicable to
é0.5Nmaxuor 80.8Nmaxu 1XEV-DV
voice Mobiles per Sector systems only

v

Load System with k Data
Mobile per Sector

+

Compute Average
Service Throughput

Increment k by 2

Fairness & Outage Yes

Criteria Satisfied?

STOP

Figure 2.3.1 -1 Simulation Flow Chart

2.3.2 Simulation Flow for the lteration Method

The cells are classified into two typ es: active and passive cells. Active cells are fully
simulated and monitored, whereas passive cells only model the interference created by
neighboring cells.
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Terminology:
Active cell & the central cell of the 19 cell layout which handles all the data traff ic, runs a

scheduler, keeps track of the voice users (when applicable), generates the
transmission power profile, and collects all the statistics.

Passive cells 8 the other 18 cells, which follow the power profile of the active cell as found
in the previou s iteration. In order to break the temporal correlations 18 equally
spaced offsets are introduced, one for each passive cell. For example, for 600
second run each offset is 33 seconds, which is sufficient to compensate for any
correlation. For 1XEV -DV sys tems, voice calls can be in soft handoff with passive
cells, in which case Ec/lor for a given call is assumed to be the same at all the base
stations in the active set. Passive cells are present in the system in order to model
the inter -cell interference, and therefore data users associated with them do not
need to be modeled.

Iteration & A simulation run where passive cells follow a well -specified power profile
obtained from the active cell on a previous iteration. Iteration O starts with passive
cells tra nsmitting with the maximum power.

Description:

The system consists of 19 hexagonal cells. The central cell is an active cell and is
surrounded by six passive cells of the first tier and 12 passive cells of the second tier
cells. Each cell has three sector  s.

Applicable to 1xEV  -DV only: For simulation of systems loaded only with voice -only
mobiles, the first run is done with five mobile stations per sector and every run
following that is done with five more mobile stations per sector until the outage criteri a
are violated, after which every run is done with one less mobile until the outage criteria
are satisfied. The maximum number of users per sector of N max (Voice capacity) is
achieved if N max + 1 users per sector would not satisfy the outage criteria and N max USErs

per sector would.

For simulation of the system loaded only with data -only mobiles, the runs are done with an
increment of two mobile stations per sector.

Applicable to 1XEV ~ -DV only: With voice -only and data -only mobile stations in the same
simul ated system, the number of voice -only mobile stations is fixed at €0.5N max U or
€0.8N max U per sector. The number of data  -only mobile stations is incremented by two
mobile stations per sector for each successive simulation run.

Voice and data users are rand omly dropped over the 57 sectors such that each cell has the
required numbers of voice and data users. To simplify the 1xEV -DV simulation, only
two -way or three -way handoff is used for voice users. A 1xEV -DV voice user on a two -
way or three -way soft hand off counts as %2 or 1/3 a user on each of the sectors in the
Active Set, respectively. A data user shall be assigned to a sector if the sector is its
primary server. Users whose Active Set does not contain a sector of the active (center)
cell shall be disca rded. The sectors of the active cell shall continue accepting users until
the desired fixed number of data/voice users per sector is achieved.
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Fading signal and fading interference are computed for each data/voice user for each PCG
or equivalent power con trol related time interval.

Iterations are performed in the following order:

1 lteration 0 : Passive cells radiate at maximum power. Power statistics of the active
(central) cell is collected for use in the next iteration.

1 lterationn (n>0) :Runthesystemfo rcing passive cells to fol
profile found on the iteration (n -1). Time offsets are introduced to break the correlation,
as described previously.

Convergence criterion: stability of the per sector throughput and of the power profil e second
order statistics

The total simulation time per drop will be 10 minutes excluding any time required for
initialization (~10 sec). The total number of drops per run is 12 for a total simulation
time of 2 hours per condition.

Packet calls arrive as  per the HTTP model of section 4.1.3 . Packets are not blocked when
they arrive into the system (i.e. queue depths are infinite).

WAP is modeled as per section 4.1.5.

FTP is modeled as per section 4.1.4.

Near real time video is modeled as per section 416.
Packets are scheduled with a packet scheduler.

The ARQ process is modeled by explicitly rescheduling a packet as part of the current
packet call after a specified ARQ feedback delay period.

Simulation flow with data  -only mobiles or voice -only and data -only mobiles simultaneously
is shown in Figure 2.3.1-1:

Forn=0, €&0.5N maxUor é.8N maxUvoice-only mobiles per secto r (1XEV -DV only),
For each k data -only users (to be incremented by 2),

a. Place n voice users in each sector of all cells.

b. Keep adding data users until the quality of service criteria are not met.

c. Collect results according to the output matrix.

2.3.3 Simul ation Flow for the Wrap Around Method

There are 19 3 -sectored cells in the simulated system. All cells are fully simulated and the
statistics of the mobiles of all cells are collected . See Appendix | for details.

The simulation for 1xEV -DO BCMCS will make the following assumptions:

1. The system consists of 19 hexagonal cells. Six cells of the first tier and 12 cells of
the second tier surround the central cell. Each cell has three sectors.

2. Mobile stations are uniformly dropped into the 19 -cell system. A mob ile station
dropped within 35 meters of a base station is redropped. One fixed path loss and

31

ow

t

h



© o ~N O O A WDN PP

[E=Y
o

el
N

el
g D w

ol el ol
© o N O

N N NN
W N P O

24

25
26
27
28
29
30
31

32
33
34
35
36

37
38

39
40

3GPP2 C.R1002 -B v1.0

one randomized shadowing component are computed for each BS -MS pair for the
duration of the simulation run. Two independent forward link fading components

are comp uted once every slot for the two mobile station receiving antennas for each

base station.

3. A MS dropped into the system shall be redropped if there are no sectors in its active

set, or if the total path loss to every sector is above a threshold defined in Table
2.1-1.

4. The BCMCS traffic shall be modeled as an infinite queue, that is transmitted on the
forward link once every sixteen slots (one interlace -multiplex pair). The same
BCMCS data is transmitted by all the base stations at t he same time.

5. Fading signal and fading interference are computed from each mobile station into
each sector for each slot.

6. Since there is no interaction between mobile stations in the BCMCS system
simulation, mobile stations may be simulated in the system e ither concurrently in
one simulation, or individually in multiple simulation runs.

7. The total simulation time per mobile station determines the confidence interval in
the packet error rate (PER) estimated by the simulation. To ensure sufficient
confidence in the PER statistics, at least 100,000 packets are simulated per mobile
station.

8. The proponents shall provide the 95% confidence interval associated by the system
coverage (for a given data rate, at a given PER target) estimated by the simulation..
Detail s of the confidence margin calculation (for a given number of users in the
simulation) may be found in[  34].

2.3.4 Layout Files

A pair of layout files is used for all the network simulations in UMB, one for AN and one for

AT layout. The AN layout file contains one line per sector, and specifies sector number,

sector location, antenna angle, and associated cell number. The AT layout file contains one

l'ine per AT, and specifies AT | ayout number , t he
from the AT to each of t he 57 sectors, and channel type, with optional SCM parameter

fields. The path loss include s propagation loss, shadowing, and antenna gain for that AT

location.

The layout files represent a database which is referenced for each network simulation to
provide a set of AT locations. These references are made in the source configuration file for
each simulation run, where each location is combined with a source description for each AT.

The idea is that one pair of layout files is used for all runs, with locatio ns and sources
described for each run in the source description file for that run.

The following data is in ASCII text format . Details of the format of these layout files are
shown below:
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AN Layout File

Sector# Xloc Yloc AntAngle Cell#

Sector#: S ector reference index (1 -57)

Xloc: Sector x -axis location (km)

Yloc: Sectory -axis location (km)

AntAngle: Sector antenna orientation ( -30, 90, 210 deg)

Cel | #: Il ndex (18l®) sectords cell

AT Layout File
AT Lay# BestSect Xloc Yloc S1PL S2PL € S57PL ChanType [ SC
AT Lay#: Reference # used in source configuration file (starts at 1)
BestSect: Best sector # for this AT (1 -57)

Xloc: x -axis location (km)

Yloc: y -axis location (km)

SnnPL: Path loss to sector nn, including propagation loss, shadowing , and antenna gain
(dB)

ChanType: 1=A, 2=B, 3=C, 4=D, 5=E

SCM: TBD

2.3.5 Output Matrices

The performance report shall contain a pdf of the forward link C/I observed in one of the
sectors of the center cell under the assumption of full power transmitted by all sectors.
Three curves shall be generated. First one includes path loss, shadowing, sectorization,

but not Rayleigh fading; the second one and the third one are the first one with the
restriction of maximum C/I to be 13,5 dB and 17.8 dB  for CDM transmissions with Rake
demodulation , respectively. For OFDM transmissions of 1xEV -DO BCMCS, the first one
with the restriction of maximum C/I of 17 dB shall be generated.

Table 2.3-1 summarizes all the cases to be simula  ted for 1XEV -DV systems.
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Table 2.3 -1 Required 1XEV -DV Simulation Evaluation Comparison Cases Table

Tx Diversity no Tx Diversity |Max C/I 13.5 dB |Max C/I 17.8 dB |[RC3 [RC4
Loading Scenarios
1|voice only 100% (Nmax) load X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X X X
9|1XEVDV data only X X
10 X X
11 X X
12 X X
13/50%voice + 1XEVDV data X X X
14 X X X
15 X X X
16 X X X
17 X X X
18 X X X
19 X X X
20 X X X
21/|80%voice + 1XEVDV data X X X
22 X X X
23 X X X
24 X X X
25 X X X
26 X X X
27 X X X
28 X X X
The voice capacity numbers generated from run #1 to run #8 should be approximat ely the
same across different companies, which can be used as calibration of different simulators.
1XEV -DV data only with transmit diversity scenarios (run #9 and run #11) are optional for
proposals that do not support transmit diversity.
2.3.5.1 General output matrices
The following matrices shall be provided:
1. Alllink -level results used in system -level simulator,
2. The histogram of C/I used in system -level simulation, where the C/I includes path
loss, shadowing, and sectorization:
a. Without any limitation on the m aximum C/I
b. Withalimitof 13.5 dB onthe maximum C/I, as specified in section 21.2
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c. With a limit of 17 dB on the maximum C/I, as specified in section 2.1.2
(Applied only for OFDM transmission of 1x EV-DO BCMCS)

d. With a limit of 17.8 dB on the maximum C/I, as specified in section 21.2
The curve of geometry vs. the distance from
cell, where geometry is solely a function of the distan ce and excludes fading and

shadowing factors.
The histogram of the distance between a user and its closest serving cell/sector.

The performance of any estimator(s) or predictor(s) that are required by the
proposal. For instance, if a channel predictor is u sed in the proposal, the details of
the predictor/estimator, its bias, and standard deviation shall be provided by the
proponent(s).

The performance of any forward channels that are not simulated by the link -level or
system -level simulator shall be justifi ed by the proponent. For example, if the
forward signaling channels are not simulated by the system -level simulator, the
proponent companies shall specify the performance of these channels and justify

their claims (see section 2.1.5).

2.3.5.2 Data Services and Related Output Matrices

The following statistics related to data traffics shall be generated and included in the
evaluation report.

1.

Data throughput per sector . The data throughput of a sector is defined as the
number of informatio n bits per second that a sector can deliver and are received
successfully by all data users it serves, using the scheduling algorithm validated in
section 2.1.6, and that certain number of voice users can be maintained with
certain GOS.

Averaged packet delay per sector . The averaged packet delay per sector is defined

as the ratio of the accumulated delay for all packets it delivers to all users and the

total number of packets it delivers. The delay for an individual packet is d efined as
the time between when the packet enters the queue at transmitter and the time

when the packet is received successively by the mobile station. If a packet is not
successfully delivered by the end of a run, its ending time is the end of the run.

Th e histogram of data throughput per user . The throughput of a user is defined
as the ratio of the number of information bits that the user successfully receives
during a simulation run and the simulation time. Note that this definition is
applicable to all data users.

The histogram of packet call throughput for users with packet call arrival
process. The packet call throughput of a user is defined as the ratio of the total
number of information bits that an user successfully receives and the accumulated
delay for all packet calls for the user, where the delay for an individual packet call is
defined as the time between when the first packet of the packet call enters the
gueue for transmission at transmitter and the time when the last packet of the
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packet call is successively received by the receiver. If a packet call is not
successfully delivered by the end of a run, its ending time is the end of the run, and
none of the information bits of the packet call shall be counted. Note that this
definition is applica ble only to a user with packet call arrival process.

5. The histogram of averaged packet delay per user . The averaged packet delay is
defined as the ratio of the accumulated delay for all packets for the user and the
total number of packets for the user. The delay for a packet is defined as in 2. Note

that this definition is applicable to all data users.

6. The histogram of averaged packet call delay for users with packet call arrival
process . The averaged packet call delay is defined as the ratio of the accumulated
delay for all packet calls for the user and the total number of packet calls for the
user. The delay for a packet call is defined as in 4. Note that this definition is
applicable only to a user wi  th packet call arrival process.

7. The scattering plot of data throughput per user vs. the distance from the

user8s Jlocation to ilnhgasesof BHOI an gectos switching; the
distance between the user and the closest serving sector shall be used. The data
throughput for a user is defined as in 3.

8. The scattering plot of packet call throughputs for users with packet call arrival
processes vs. the distance from the user dnd
case of SHO or sector switching, the distance between the user and the closest
serving sector shall be used. The packet call throughput for a user is defined as in
4,

9. The scattering plot of averaged packet delay per user vs. the distance fr om the
mobileds | ocation to Intase ofSHOWI seaor ssvieching,ahre .
distance between the user and its closest serving sector shall be used. The averaged
packet delay per user is defined as in 2.

10. The scatterin g plot of averaged packet call delays for users with packet call
arrival processes Vs. the distance from the
sectors. In case of SHO or sector switching, the distance between the user and its
closest serving sector shall be used. The averaged packet call delay per user is
defined asin 4.

11. The scattering plot of data throughput per user vs. its averaged packet delay .
The data throughput and averaged packet delay per user are defined as in 3 and 2,
respectively.

12. The scattering plot of packet call throughputs for users with packet call arrival
processes vs. their averaged packet call delays . The packet call throughput and
averaged packet call delay per user are defined asin 4.

13. Applicable to 1XEV  -DO BCMCS only: The user coverage probability at 1% PER for
each channel model, and for the channel mix specified in Table 2.2-1.

14. Applicable to 1xEV -DO BCMCS only: For proposals that use a concatenated
coding scheme (such as a turbo inner code and a Reed Solomon outer code), the
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packet erasure rate at the input and output of the outer code, for each mobile in the
simulation.

Appendix D provides formul  as of the above definitions.

The channel model and speed of a data user are randomly chosen according to the pre -
determined distributions specified in 22.2.

2.3.5.3 1xEV-DV Systems Only

2.3.5.3.1 Voice Services and Related Output Matrices

The following statistics related to voice traffic shall be generated and included in the
evaluation report.

1. Voice capacity, where the voice capacity is defined as the maximum number of voice
users that the system can support within a sector with certain maximum system
outage probability. The details on how to determine the voice capacity of a sector
are described in Appendix C.

2. The histogram of voice data rates (for a frame) per user and for all users.

3. The scattering plot of the outage probability vs. the dista nce from the mobile to the
serving cell. In case of soft hand -off (SHO), the distance from the mobile to the
closest serving cell shall be used.

4. The curve of outage indicator vs. time for each voice user. The outage indicator
equals to one when the voice u ser is in outage, and zero otherwise. The speed,
channel model and the distance of the voice user to the serving cell shall also be
included in the curve. In case of SHO, the distance from the mobile to the closest
serving cell shall be used.

5. The outage p robability for each user. Note that this value can be calculated from the
curve described in the previous item.

The channel model and speed of a voice user are randomly chosen according to the pre -
determined distributions specified in Table 2.2-1.
2.3.5.3.2 Mixed Voice and Data Services

In order to fully evaluate the performance of a proposal with mixed data and voice services,
simulations shall be repeated with different loads of voice users. The following outputs shall
be generated and inc luded in the evaluation report.

1. The following cases shall be simulated: no voice users (i.e., data only), voice users
only (i.e., the number of voice users equals to voice capacity), and average €0.5N max U
and €0.8N max U Vvoice users per sector.

2. For each o f the above case, all corresponding output matrices defined for voice and
data services shall be generated, whenever they are applicable.

In addition to the output matrices described in the previous two sections, the following
output matrix shall also be g  enerated and included in the evaluation report.
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1. A curve of cell/sector data throughput vs. the number of voice users, where the
cell/sector data throughput is defined as above.

2.3.54 1xEV-DO Systems Only (Mixed Rev. 0 and Rev. A Mobiles )

For proposals that supp ort backward compatibility with 1xEV -DO (Rev. 0) ATs, the

following mixed Rev. 0 and Rev. A user tests shall be simulated using the standard system
layout and channel mix specified in section 22.2:

a. 8full -buffer Rev. 0 ATs and 8 full -buffer Rev. A ATs per sector.
b. 16 Rev. 0 full -buffer ATs per sector.
c. 16 Rev. A full -buffer ATs per sector.

The statistics required by the output matrices specified in appendix M shall be generated

and presented for the purpose of evaluation, as well as the associated statistics required for
the evaluation report specified in 2.3.5.2 . In addition, the following statistic shall be
reported:

a. Avg_TP_Rev0_Mix: Average throughput of Rev. 0 ATs in scenario a.

b. Avg_TP_RevA_Mix: Average throughput of Rev. A ATs in scenario a.
( Avg_TP_RevO0_Mix Avg_TP_RevA_Mix ,
Avg _TP_Rev0_Only Avg_TP_RevA Only’

where Avg_TP_RevO_Only denotes the average throughput per AT from scenario
Avg_TP_Rev_A Only deno tes the average throughput per AT from scenario c.
2.3.5.5 UMB Systems Only

The default bandwidth for the evaluation with full buffer traffic model is 5 MHz. The
simulation shall be performed with the following number of users

a. Number o f full buffer traffic users for 5 MHz 01, 4,8, 16, 32 user(s)/sector
b. Number of full buffer traffic users for 10 MHz 81, 4,8, 32 user(s)/sector

For the evaluation with mixed traffic model, the following user configuration shall be used:
a. 100 VolP users/s ector + 32 full buffer users/sector for 5SMHz

b. 16 VT users/sector + 16 full buffer users/sector for 5SMHz

2.4  Calibration Requirements

Proponents and evaluators of any proposed design should follow the following calibration

steps to ensure a consistent evaluatio n process.

2.4.1 Link Level Calibration

All link -level data (in the form of Excel spreadsheet) should be submitted. One set of data

for use by all evaluators.
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2.4.2 System Level Calibration
Each evaluator of the proposal(s) should submit the following calibration da ta for the
simulator.
2.4.2.1 UMB System Calibration
The following cases shall be simulated in the forward link of  UMB system.
a. Full buffer traffic only & 10AT /sector , 10 MHz
AWGN
Ped-B 3km/h and Veh-A 120km/h
. SCM (2 X2 SCW)
b. VolP traffic only & 100AT /sector , 5MHz
Ped-B 3km/h and Veh-A 120km/h

Layout files for AN and AT are used [43]. The pathloss in the layout files contains
propagation loss, shadowing, and antenna pattern, but does not contain AN and AT
antenna gains as well as "other losses” (in total 4dB). Hence, 4 dB should be subtracted
from every path -loss value in the layout file.

A source file is used for VolP traffic generation[42] . Maximum C/I of 28dB is used.
Reference link curve for FER prediction is used[44] . 8-tile curves are used for full buffer
simulat ion and 1-tile curves are used for VolP simulation

Details of parameters used in the calibration are summarized in | 45].

Output metrics used in the calibration follow s the format of [ 46].

2.4.2.1.1 Scheduler

A simplified scheduler is used in the calibration of UMB system simulators. The scheduler
is described for the following cases.

a. Full buffer users only
b. VolP users only

For the calibration purpose, closed loop precoding and/or subband scheduling is not
considered . LAB assignment errors are also ignored. Extended transmissions are not
supported, even for low geometry users. In the case of VolIP traffic, multiple tile
assignments are not supported.

The names of functions and variables are usually detailed enough to represent their
functionality.

Full buffer users onl y scheduler

In forward link full buffer users only case, since subband scheduling is not used, in each

frame, the scheduler will assign the entire frame to a single user. This fact can be used to
simplify the scheduler.  Following provides the pseudo -code for the scheduler used for FL
full buffer users only case. Note that all assignments are persistent, i.e., the assignment
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1 will remain in effect unless it is de -assigned, or there is a decoding failure. No additional
2 LAB is needed to keep the persistent assi  gnment.

/IConstants:

MaxNumLABs; //Maximum number of LABs allowed in a frame
N; //Number of ATs in the sector

numinterlace; //Number of interlaces (8)

/IScheduler function for full buffer users only
SchedulerFullBufferFL(){
/ICheck existing persistent assignment. If there is a decoding error, the assignment is assumed
/Nost.
UpdateExistingPersistentAssignments();
/[Update channel desirability
for (i=1,¢é, N){
Priority[i]=CQI[i]/(AverageCOQI[i] * ResourceAssignedToAT][i]);
/INote that CQI here shall be interpreted as the spectral efficiency (b/s/Hz) translated from
/ICQI reports. AverageCQl is the average
/lof the previous spectral efficiency using an one-tap IIR filter with time constant 0.6 second.
/[The AverageCQI is updated whenever there is a CQI report
/IResourceAssignedToAT is the actual time-frequency resource assigned to the AT
/lcounted from the beginning of the simulation.
}
/[Count the number of LABs used, including RLABs (and possibly those used by VoIP users)
numLABs=NumUsedLABs();
/[Find usable channel nodes (not used in active HARQ transmission)
usableChannelNodeList=FindUsableNodes();  //If not empty, the list shall contain a single
node.
if ( (usableChannelNodeList not empty) &&
(numLABs < MaxNumLABS) ){
numLABS++;
/[Select user to be assigned
idx=argmax(Priority[i]);
/[Assign the node to the AT
AssignNodeToAT (idx, usableChannelNodeList[1]);
/[Compute the power density
powerDensity=ComputePowerDensity();
assignedPacketFormat = ComputePacketFormat(  powerDensity,
CQI[idx], targetTermination);
/[Send LAB
SendLAB(idx, usableChannelNodelList[1], assignedPacketFormat);
}

/[All persistent assignment not affected by this function are still effective.}

3

4 VolIP users only scheduler
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For VolIP us er, each AT is assigned one tile (base node) in one of the eight interlaces at a
time.

All VoIP assignments are persistent. When assigned, the tile -interlace pair is reserved for
the AT till it is explicitly or in -explicitly de -assigned. A VolIP assignment  will not be explicitly
de-assigned in the system simulation. The tile -interlace pair assigned to an AT can be re
assigned to another AT without informing the first AT. We assume the first AT will keep
decoding and detect a decoding error after 6 HARQ trans missions and release the
persistent assignment, but this will not be modeled in the simulator.

The priority of VoIP user is decided by the time stamp of the packets in the buffer. The VolP
user with the earlier time stamp has higher priority to be schedule d.

When there is no more empty tile  -interlace pair available, an assigned AT can be switched
out if there is no new packet arrives for the AT for the recent 25ms.

Power boost is not applied for HARQ re  -transmissions for calibration purpose.

For VolP traffi c transmission, two packet formats are used and are optimized for EVRC
vocoder. Packet format 4 is used for full -rate and half -rate. Packet format 2 is used for
quarter -rate and 1/8 -rate.

The scheduling algorithm is summarized as follows:

/[Constants:

MaxNumLABs; //Maximum number of LABs allowed in a frame
framelnterval; //Time duration of a frame

N; //Number of ATs in the sector

numinterlace; //Number of interlaces (8)

//Scheduler function for VoIP users only
SchedulerVolPFL(Y{
/ICheck existing persistent assignment. If there is a decoding error, the assignment is assumed
/Nost.
UpdateExistingPersistentAssignments();
/ICheck packet arrival for each AT and update timer
for (i=1,¢é, N){
if (PacketArrivesForAT (i)){
timer[i].Reset();
AddPacketToBufferWithTimeStamp(i);
telse{
timer[il+=framelnterval;
}
//[Expires old packets
For (i=1,...,N){
ExpirePacketsForAT(i);
}

/IFind available channel nodes
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usableBaseNodeList = FindUsableNodes(timer);
/[Find the usable channel nodes. Return a list of base nodes. In the list, the
/lempty base nodes will be in the beginning. The releasable base nodes
/l(persistently assigned to VolP AT but not used in the frame and no new
/lpacket arrives for the AT in the recent 25ms). The releasable base nodes
/lare listed in the order of last packet arrive time (earliest first).

/I[Find ATs to be scheduled in the frame

ToBeSchedul ed=FindATLi st (buffer[1,¢é,N], assi
/[Find the list of AT that needs to be scheduled. Generate a list of ATs
/lwith no assigned resources. The output is ordered in decreasing order
/lof the time stamp of the first packet in the buffer.

//Main loop to schedule VolP ATs
numLABs = LABInRL();
while ( (usableBaseNodeList not empty) &&
(numLABs < MaxNumLABS) &&
(ToBeScheduled not empty)){
/[Pick the first AT in the ToBeScheduled list and remove it from the list
idx=ToBeScheduled.PopFirst();
/IPick the first base node in the usableBaseNodeList
node=usableBaseNodeList.PopFirst();
NUMLABS++;
AssignNodeToAT(node, currentinterlace);
SendLAB(idx, node);
}
/[Assign packet formats to all scheduled ATs, including the ones scheduled before.
for (i=1,¢é, N){
UpdatePacketFormatForAssignment(i);
//Only update the packet format if the AT is not in an active HARQ
/ltransmission. The packet format is decided by the buffer size. The
/ltransmissions are power controlled to achieve a target termination point.

}

/[All persistent assignment not affected by this function are still effective.
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3 EVALUATION METHODOLO GY FOR THE REVERSE L INK
3.1 System Level Setup
3.1.1 Antenna Pattern

3.1.1.1 Antenna pattern at the Access Network

Antenna pattern at the Access Network shall be as specified in 21.1.

3.1.1.2 Access terminal antenna pattern modeling for reverse link transmit diversity

In this sub -section, we provide the access terminal antenna pattern modeling for the mobile
transmit diversity. Note the for all studies other than MTD, the antenna pattern at the
access terminal should be modeled as omnidirectional. Evaluation of mobile transmit
diversity requires accurate modeling of the mobile antenna pattern. Different antenna
design (with different antenna patterns) at the mobile can lead to dif ferent gains (and thus
conclusions) of MTD. In the following a modeling methodology for mobile antennas based

on real antenna pattern measurements is described.

Since mobile antennas are locally surrounded by rich scatters (for both indoor and outdoor
environments), gain based on a particular elevation and azimuth angle may not be
appropriate as sub -paths are ignored. Antenna model should correlate well with real
measurements. The approach is to assume certain density model on the azimuth and
elevation and perform proper averaging. Gaussian distribution is used to average the gain
on elevation. For Rayleigh fading channels with rich scattering environments, use uniform

or Laplacian distribution (e.g., with 60 -degree standard deviation) on azimuth; while for
Rician channel, use delta distribution on azimuth due to the fact of line of sight.

More specifically, antenna gain at a particular mean angle is modeled as

% s XPR 1

G(qs1 Q:?O%m@( ’q) R/,qs,g( ’ )WRGH( ' )Phgsa!c d ) 'in(q)ﬁ d

<Go

where XPR is the cross -polarization coupling ratio; G, (q, )and GH (q, /j are the V and H

components of the antenna power gain pattern satisfying
2P

fi (@ (9 7+Gi( g} sin( )ded &

00

R/,qs, g(q, ))' and PH’%’ g(q, )are the V and H components of the angular den sity functions

at a particular mean angle (qs, g‘) satisfying

2 p 2pp
A R (¢ Jsin( )gl d= f Rfi, @ )sin(/) d dg=
00 00 )
Note that antenna correlation is modeled similarly. For the access terminal antenna pattern

data from MTD modeling, please refer Appendix X.
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3.1.2 System Level Assumptions

The parameters used in the simulation are listed in Table 3.1-1. Where values are not
shown, the values and assumptions used in the simulation shall be specified in the
simulation description.
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Table 3.1 -1 Reverse Link System Level Simulation Parameters

Parameter Value Comments

Number of 3 -sector Cells 19 2 ring, 3 -sector system, 57
sectors total. These cells are
on a oGawvmrawpndd
where the signal or
interference from any MS to
a given cell is treated as if
that MS is in the first 2 rings
of neighboring cells. MSs
are uniformly dropped over
the 19 cells. Simulation is
done with the desired
number of MSs for each
sector of each cell.
Throughput and cap acity are
collected from all cells

n

Antenna Horizontal Pattern 70 degree (-3 dB) see Section 2.1.1
with 20 dB front -to-back
ratio
Antenna Orientation 0 degree horizontal azimuth No loss is assumed on the
is East (main lobe) vertical azimuth. (See
Appendix B)
Propagation Model 28.6+ 35log10(d) dB, Modified Hata Urban Prop.
(BTS Ant Ht=32m, MS=1.5m) d in meters Model @1.9GHz (COST 231).

Minimum of 35 meters
separation between MS and
BS. 1

1in this document the word omodifiedo6 r epr-¢atee mada
wherein the path loss has been reduced by 3 dB [33]. If a mobile is dropped within 35 meters of a
base station, it shall be redropped u ntil it is outside the 35  -meter circle.
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Parameter

Value

Comments

Log-Normal Shadowing

Standard Deviat ion =8.9 dB
for both FL and RL

Independently generate
lognormal per mobile -sector
pair and use the method
described in Appendix A.
This shadowing is constant
in each simulation run. The
same shadowing amount
shall be used for all Rx
antennas of a BS (up to six)
to a given MS. The
correlation coefficient
bet ween the B
antennas and a given MS
and the BS6s R
and a given MS is 1.

Maximum RL Total Path 146 dB This term includes the MS
Loss and BS antenna gains, cable
and connector losses, ot  her
losses, and shadowing, but
not fading.
Base Station Shadowing 0.5 See Appendix A
Correlation
Overhead Channel Reverse Any additional overhead
Link Power Usage needed to support other
control channels (dedicated
or common) for the forward
link or the reverse link must
be specified and accounted
for in the simulation
Base Noise Figure 5.0dB
Thermal Noise Density -174 dBm/Hz
Carrier Frequency 2 GHz
BS Antenna Gain w Cable 15dB 17 dB BS antenna gain; 2
Loss dB cable loss
MS Antenna Gain -1 dBi
Other Losses 10dB Applicable to all fading
models
Maximum MS EIRP 23 dBm

46



3GPP2 C.R1002 -B v1.0

Parameter

Value

Comments

Fast Fading Model

Based on Speed

The fading processes on the
paths from a given MS to the
two BS antennas are
mutually independent. The
fading model is specified in

Appendix K.

Circuit Up to 3 members are in the
switched and Active Set if the pilot Ec/lo
packet is largerthan T_ADD = -18
switched dB (=9 dB below the FL pilot
data systems Ecl/lor) based on the FL
Active Set (e.g., IXEV - evaluation methodology
Membership DV)
Packet Up to 3 members are in the
switched Active Set if the pilot Ec/lo
data systems is largerthan T_ADD = -9dB
(e.g., IXEV - based on the FL evaluation
DO) methodology
Delay Spread Model See Table 2.2-1 and Table
22-2

Reverse Link Scheduling

System specific. Proponents
need to declare the scheme
and the associated MAC
delay and reliability.

Active Set Change

System specific. Proponents

need to declare the scheme

and the associated signaling
delay and reliability.
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Parameter Value Comments
Circuit Closed -loop power control Update Rate: Dependent on
switched and delay: two PCGs 1 proposal.
packet Power control feedback: BER
switched = 4% for a BS -MS pair.
data systems Different val ues shall be
(e.g., IxEV - specified and accounted for
DV) in the simulation
Ec/Nt measurement error at
the BS: additive in dB, log
normal, zero -mean random
variable with a 2 dB
Reverse Link standard deviation.
Power
Control Packet Closed -loop power control Update Rate: Up to 600 Hz,
switched delay: two slots 1 dependent on proposal.
data systems Power control feedback: BER
(e.9., IXEV - = 4% for a BS -MS pair.
DO) Different values shall be
specified and accounted for
in the simulation
Ec/Nt measurement error at
the BS: additive in dB, log
normal, zero -mean random
variable with a 2 dB
standard deviation.
MS PA Size 200 mW
Site to Site distance 2.5 km
2.0 km Default site to site distance

for UMB

1 The MS transmit power changes in PCG/slot i+2 in response to measurement made in PCG/slot i.
One PCG/slot delay for link level modeling (measured from the last chip that the reverse pilot is

measured to the time t

hat the mobile changes TX power level).
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Parameter Value

Comments

Rise over Thermal (Reverse 7dB
Received Power Normalized
by The rmal Noise Level)

Histogram of this parameter
with a 1.25 (1XxEV -DV) or
1.67 (1XEV -DO) ms time

resolution shall be provided
with the mean rise -over-

thermal. The percentage of

time the rise over thermal

above the 7 dB target shall
not exceed 1%. Rise ov er

thermal for the default two

receiving antenna mode is
Y% [(lo1+No)/No + (lo2 +
No)/No], where the total
received signal power at

antenna i is defined as loi,

i=1,2.

3.1.3 Call Setup Model

The following is the method to simulate a call setup on the RL, regardl ess of the traffic time:

1. MSgetsinthe systematt=t ol

2. Att=t o, MS starts transmitting pilot only for 320 ms

1XEV -DO systems respectively

2 or 427 ms 2 for 1xEV -DV or

a. Closed loop power control is active but o uter loop has a fixed target pilot

Ecl/lo

b. Starting pilot transmission power is

c. BS Set Point is fixed at o 22.5 dB or

systems respectively

3. Att=t, + 320 ms, together with the pilot, MS begins transmission of the null
at 1.5 kbps using the traffic to pilot ratio of

050 dBm

traffic

-5.875 (= -47/8) dB for 1XEV -DV

systems. At t =t o + 427 ms, together with the pilot, the MS starts the DRC
transmission using a specified DRC  -to-pilot ratio for IXEV  -DO systems. (For 1xEV

1to is a relative time, i.e. it is not the absolute system time but the moment when a MS gets in the

system. For HTTP and WAP users, t o is at the very beginning of the simulation, while for FTP upload

MS, to occurs during the simulation, as these MSs arrive in the system according to the Poisson

arrival process.

2 This step is meant to replace the probing process. Although it does not represent the real system

events, it approximately models the adjustment of MS tr
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DO Rev. 0, the DRC -to-pilot ratio equals to -1.5 dB for non -handoff ATs (DRC
Length = 2 slots) and 83 dB for ATs in soft -handoff (DRC length = 4 slots).)

a. Outer loop power control is active

4. Att=t o +580 ms, call setup procedure is finished
a. Statistic collection fo rthe MS starts at the end of the call setup
b. MS can now start using R -FCH and request R -SCH

The timeline diagram is shown in Figure 3.1.3 -1 below.

Null Traffic
Pilot
Closed-loop power control, ‘ Closed-loop power control f -
Fixed outer loop setpoint + Outer loop power control
t=t, t=t , +320ms t=t ,+580ms
Figure 3.1.3 -1: Simplified Call Setup Timeline for 1XEV -DV. (Timeline for IXEV ~ -DO is

the same by modifying 320 ms to 427 ms)

3.1.4 Packet Scheduler

The voice wusersd (when simulated together wi t h
scheduled in 1XEV -DV systems. The d ata users can be scheduled or allowed to transmit in

a random fashion. The exact procedure, and its delay and reliability, with which a mobile

station gains the right to transmit, shall be specified in detail. Proponents shall state

whether the reverse sch eduling signaling is sent from the entire Active Set of the MS or its

subset. As a baseline, the scheduler shall be unaware of the application(s) running on the

MS&s and shall not use the information provided
results sh all be generated accordingly and be presented. The proponent may, however,

present additional results with a more sophisticated scheduler in the system.

3.1.5 Backhaul Overhead Modeling in Reverse Link System Simulations

The backhaul bandwidth used by signalin g and measurement messages is provided in the
format shown in  Table 3.1-2. It is assumed that the messages sent over the backhaul links
use the TCP/IP protocol. Therefore, a TCP/IP packet overhead of 320 bits (40 bytes) is
added to each signaling or measurement message sent over the backhaul. The backhaul
overhead on the FL is given by:

1 e
FL Backhaubverhead —Q S b/s 3.1-1
run =1
Where S; is the signaling message size in bits (including 320 bits TCP/IP header) and NrL is

the total number of messages (signaling, measurements etc.) sent on the FL during a
simulation run.  Twn is the simulation time in seconds for a given run. The FL backhaul
overhead is averaged over all the simulation runs.
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The backhaul overhead on the RL is given by:

1 O
RL Backhaubverhead= —@q S, b/s 3.1-2
run j=1
Where S; is the signaling message size in bits (including 320 bits TCP/IP header) and NRL is
the total number of messages sent on the RL during a si mulation run. The RL backhaul

overhead is averaged over all the simulation runs.

Table 3.1 -2 Backhaul bandwidth used by signaling and measurement messages

FL backhaul overhead [b/s] RL backhaul overhead [b/s]

Under study Under study

3.1.6  Simulation of Forward Link Overheads for Reverse Link System Simulation

For reverse -link enhancement proposal envisioning communicating schedule grants (rate
assignments), rate adjustments, acknowledgements (to support H -ARQ operation) from one
or more base station(s) to the data mobile, on new or existing Forward Link channels, the
following shall apply when modeling the impact of these forward -link (FL) channels on RL
performance:

1. The impact of imperfect RPC on reverse -link powe r-control shall be modeled by
assuming a 4% error rate on the RPC channel for each BS -MS pair. The closed -
loop power -control delay shall be 1 slot/PCG.

2. For proposals with hybrid -ARQ scheme, the impact of imperfect FL ARQ signal
shall be modeled in the net work simulation with dynamic FL modeling in the
simulations. The dynamic FL modeling shall assume the same multipath and
Doppler channel model on FL and RL (i.e. channel A, B, C, D, and E). The
fading process on FL and RL shall be assumed as independent.

3. Any additional FL channel whose error performance may impact the
performance on RL shall be modeled either via dynamic FL modeling (assuming
the same multipath and Doppler channel model but independent fading on FL
and RL) or via static modeling, both of which are described below.

Both static and dynamic simulation methods are allowed for modeling these Forward Link
Overhead channels that support Reverse Link operation. 1 static simulation results are
required to be provided; dynamic simulation results may be provided. These two methods
are described below.

3.1.6.1 Static Modeling Method

1. Long-term (FER versus average Eb/No) error curves are to be generated, over each
channel model, for each of the proposed overhead channels 2 on the Forward Link.

1 |f channel sensitive scheduling is used on the forward link, the static method may be pessimistic.
2 These curves are generated for each frame format allowed for the overhead channels.
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2. For users receivi ng the overhead channels in handoff, long term error curves are to
be generated for each channel model, way of soft hand -off (SHO), and a range of
SHO imbalance(s), and Geometry.

3. A desired target FER shall be specified for each of these channels for proper system
operation.

4. For each user dropped into a system simulation run, the overhead channel frame
format is determined, the Geometry is determined, and the Eb/No required to meet
the target FER is translated into an average fractional power allocation at each
serving base station. Each mobile is assigned the same channel model on the
Forward Link as on the Reverse Link.

The following methods apply in addition to the above to 1XEV -DV systems only:

1. The fractional power allocations for all the users in each drop are summed at each
base station. This is the average fractional power cost on the forward link, for that
drop at each base station.

2. Average these fractional power cost values across the required number of RL system
simulation drops, at each base stati on. This is the average power cost on the
forward link at each base station.

3. Similarly for each drop, determine the number of Walsh channels used to support
the reverse link at each base station. Average the number of Walsh channels used
across the requir ed number of RL system simulation drops, at each base station.
This is the average number of Walsh channels used on the forward link at each base
station.

Reverse Link System Simulation Assumptions and Modeling

Independent error events should be generated in the Reverse Link system simulation at
time instants corresponding to the reception of any Forward Link overhead channel. An
error shall occur on each reception with a probability equal to the specified target FER for

the corresponding channel. The resul ting impact (schedule grant miss, error in rate
assignment, ACK/NACK feedback error, etc.) shall be modeled and modeling mechanism
specified.

3.1.6.2 Dynamic Modeling Method

The dynamic modeling of Forward Link overheads is done by running fading on the
Forward Link (operating only the Forward Link overhead channels) in conjunction with the
Reverse Link in the Reverse Link system simulation.

1. Short-term (FER Vs average Eb/No) error curves are to be generated, over each
channel model, for each of the proposed over head channels on the Forward Link.

2. For users receiving the overhead channels in handoff, short term error curves are to
be generated for each channel model, way of soft hand -off (SHO), and a range of
SHO imbalance(s), and instantaneous Geometry.

3. Adesired target FER shall be specified for each of these channels for proper system
operation.
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4. The Forward Link fades independently of the Reverse Link at each connected base
station. A connected base station is one that sends schedule grants, rate
adjustments, o r acknowledgements to a mobile. Each mobile is assigned the same
channel model on the Forward Link as on the Reverse Link.

5. Power allocation for each of the overhead channels, in the system simulation, is
done dynamically and logged. The power allocations should be done for all
members of the active set. The proponent of the proposal should explain how the
power allocations are done. [For example, for the serving base station, the CQI
value is fed back to the base station by the mobile station and the fo rward link
power is set based upon the returned CQI value.]

The following apply in addition to the above for 1xEV -DV systems only:

1. The instantaneous power allocations for each user are averaged over the drop for
every base station. Then these average pow er allocations are summed over all users
at each base station. This is the average fractional power cost on the forward link,
for that drop at each base station.

2. Average these fractional power cost values across the required number of RL system
simulation drops, at each base station. This is the average power cost on the
forward link at each base station.

3. Similarly for each drop, determine the number of Walsh channels used to support
the reverse link at each base station. Average the number of Walsh channe Is used
across the required number of RL system simulation drops, at each base station.
This is the average number of Walsh channels used on the forward link at each base
station.

3.1.6.3 Quantification of Forward Link Overhead as a Data Rate Cost (1XEV -DV Systems
Only)

An appropriate metric is needed for specifying the cost (in power and bandwidth) on the
Forward Link associated with the Forward Link overhead channels supporting Reverse Link
operation. For both the static and dynamic methods, the average amount o f forward link
power and the number of required Walsh channels are determined.

The Forward Link (Revision C) system simulations are run with a hew amount of overhead
power and a new number of available Walsh channels. Specifically, the amount of
overhead power is increased by the average amount of overhead power determined from
either the static or dynamic system level simulation. Similarly the number of available
Walsh channels is reduced by the number of Walsh channels used to support the reverse
link a s determined by either the static or dynamic method. In determining the resulting
capacity reduction, 40 forward link users should be used in a data -only simulation.

3.1.7 Signaling Errors
Signaling errors shall be as specified in section 2.15.
For modelling the signalling error in TCP three -way handshake protocol as shown in Figure

4.2.2 -1 in FTP upload traffic model, failed RL handshake packets will be re -transmitted in
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times per proposal, if physical layer ARQ is used. If it

still fails after physical layer retransmission, it will be assumed error free from TCP protocol
viewpoint, but the error is modeled from throughput counting viewpoint. The handshake
and ACK packets on the FL are assumed to be error free. However, the delay element of the

FL handshake and ACK packets is modeled.

3.1.8 Fairness Criteria

The CDF of the normalized throughputs with respect to the average user throughput for all
FTP upload MS in the same sector  is determined. This CDF shall lie to the right of the curve

given by the three pointsin  Table 3.1-3.

Table 3.1 -3 CDF Criterion for FTP Upload MS

Normalized Throughput w.r.t
CDF
average user throughput
0.1 0.1
0.2 0.2
0.5 0.5

The fairness criterion with  geometric mean and harmonic mean that is described in

will be used for the evaluation of full buffer MS in UMBsystem.

3.1.9 FER Criter ion

The following outage criterion is defined for the final

retransmissions:

FER after

physical layer

1 For each traffic channel type (e.g., R -FCH, R-DCCH, R -SCH, RTC or other new RL

traffic channels proposed), the mean FER across all users in the system sha

sufficient to sustain services.

1 For each traffic channel type (e.g., R -FCH, R-DCCH, R -SCH, RTC or other new RL
traffic channels proposed), the percentage of users with FER greater than 5% shall
be low enough to insure adequate service delivery and co

3.1.10 I1oT Criterion

verage.

The Interference over Thermal (IoT)  criterion will be used for the simulation of UMB system.
sl ot and

TheloTi s computed per sector 6s0
aEc,i,s+N0

loT. = i:BS(i), s

S NO

per

where BS(i) represents the best serving sector of access terminal i,

power from access terminal i, at sector s and
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c,i,S

3.1-3

is the total received

N is the thermal noise variance

2.1.6.2

Il be

S

def i
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The IoT statistics are collected from all sec  tors of the system. The reverse link operation
shall use an loT criterion of a mean value of 6 dB and any value larger than 6dB such that

the other performance criteria are not violated. The IoT for the default two receiving
antenna mode is %2 [(IoT1+No)/No + (loT2 + No)/No], where the total received signal power at
antenna i is defined as loTi, i=1,2.

3.2 Link Level Modeling

3.2.1 Link Level Parameters and Assumptions

The performance characteristics of individual links used in the system simulation are
generated a pri ori from link level simulations. Link level simulation parameters are
specified in Appendix J.

Turbo Decoder Metric and Soft Value Generation into Turbo Decoder shall be as specified
in Appendix H.

3.2.1.1 Frame Erasures

Data for the link -level performance shall b e presented and agreed upon so that one set of
data is used in all simulations.

The following method describes the Quasi -Static approach for modeling link performance.
Additional link level modeling methods can be found in Appendix N and Appendix O:

Equiv alent SNR Method based on Convex Metric (ECM) described in Appendix O shall be
used to generate frame erasures for UMB system. Justification on the parameter values
used shall be provide d by each proponent. T he link level statistics that are used for
generating the short -term FER curves for link -to-system mapping is shown in Appendix W.

Description of Quasi  -Static Approach with Short Term FER:

The quasi-static approach with short term FER shall be used to generate the frame
erasures for reverse link channel s with fixed traffic to pilot power (T/P) ratio in a frame

such as R -FCH, R-DCCH, R -SCH, RTC, other new proposed RL data channels, and RL
overhead channels .

A full set of short term FER vs. average traffic E ,/N ; per frame curves is generated as a
function of radio configurations, data rates, T/P ratios, and channel model s. The number of
curves should be reduced i f possible, provided
this quasi -static approach.

In the system -level simulation, the average traffic Eu/N ; per frame is computed as follows.
First, the traffic E u/N  is calculated in a PCG/slot as specified in section 3.2.1.3 . The short -
term average traffic E /N ; per frame is defined as the average of the traffic E »/N ¢ for all
Npcg PCGs/slots in a frame, i.e.,

Npce é‘Eb

%8 3.2-1
NpcG n=1 €

where (E,/N,), is the traffic E /N in the n -th PCG in a frame. Once the  AvgE,/N;) is
calculated as in the above equation, it is used to look up the corresponding link level short

Avy(E, I Ny) =
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term FER vs. average Eu/N: per frame curve for the specific condition. A frame erasure
event is then generated based on the FER value.

In HARQ scheme, a full set of shortte rm FER vs. total traffic E /N : curves is generated as a

function of the number of transmission frames for the specific condition . The total traffic
Eb/N ¢ is defined as the summation of Avg(E, / N,) of transmitted frames. | t is used to look
up the corresponding link level short term FER vs. total traffic E /N curve for the number

of transmitted frames.
The short -term FER curves shall be generated as follows:

1. The link -level simulation is conducted for the same condition as in system level
simulatio n as much as possible . The average traffic E ,/N ; in a frame and the frame

erasure indicator for the frame are recorded. The average traffic E u/N ¢ per frame is
computed as follows in the link  -level simulation

3.2-2
where n is the index of PCG/slot in a frame , k is the index of symbols within a
PCG/slot , Nsymbal is the number of symbols ina PCG  /slot , a is the index of antennas
in a receiver, and | is the index of paths in an antenna. is the transmitted chip
energy of traffic channel, is the transmitted chip energy of pilot channel, and

is the processing gain defined by the ratio of traffic channel data rate to chip
rate. is the attenuation factor in the j-th path of the a-th antenna for the k-
th received coded symbol inthe  n-th PCG/slot. is the total variance of noise
and non -orthogonal interference component in the j-th pa th of the a-th antenna for
the k-th received symbolinthe n-th PCG/slot.

2. In HARQ scheme, the total traffic E /N is calculated as the summation of
Avg(E,/N;) of transmitted frames. To generate short term FER curve after R-th

transmissions of frame, the total traffic E o/N after R-th transmissions and the
frame erasure indicator are recorded only when the frame is erased after ( R-1)-th
transmission

3. Generate the histogram of short term FER, i.e., the range of Eu/N: is divided into
many bins, an d the FER in each bin is computed based on the outputs mentioned
in step 1. The size of each bin is 0.5 dB.
3.2.1.2 Target FER

The operating frame erasure rate or FER will be 1% for voice for 1XEV -DV systems.

The FER for the data -only mobile stations shall be:
1. The final FER after retransmissions should be less than or equal to 1%
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