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This contribution updates [1] by correcting an error in simulating the Hybrid ARQ function which caused higher than normal residual FER.  The results in Table 1, 2 and the associated text has been modified to account for the updated simulation results.

Similar to [4] the data throughput for best effort service is summarized in this contribution for the proposed HSDPA feature set. The main differences between this study and [4] are that 30% of the power is allocated for overhead  (CPICH, PICH, SCH, BCCH, etc.) and dedicated channels and that no implementation loss (1.5dB was used in [4]) is used.  Throughput and other packet statistics are also shown for the single MCS level case of QPSK with a peak data rate of up to 2Mbit/s.  The latter case is the first step in trying to establish release 99 throughput for best effort service. However, for this first step, the frame size is still 3.33ms and fast scheduling and acknowledgment is performed along with fast cell selection (FCS).

Results were obtained using a dynamic system simulation tool. The system simulator tool models Rayleigh and Rician fading, time evolution with discrete steps (0.667ms e.g.), adaptive modulation and coding (AMC), fast Hybrid ARQ, fast cell selection FCS, and open loop transmit diversity (STTD).  The simulator also models Lognormal shadowing, delay spread, and fractional recovered power (per ray). Most of the system simulation assumptions used are described in the “Common HSDPA system simulation assumptions” contribution (TSG-R1 1094) presented in TSG-R1 meeting #15 [2]. Many assumptions are given again in Annex B for the reader’s convenience.

Simulation Results:

The packet data throughput for best effort service for is summarized in the following section. Tables 1 and 2 summarize baseline performance for a data only HSDPA system with a Maximum C/I scheduler and a modified ETSI source model [2]. The different throughput metrics presented are defined in Annex A (note the definition of OTA throughput has been modified from [4] ). The MCS used were QPSK R=1/2, 16QAM R=1/2, 16QAM R=3/4, and 64QAM R=3/4. 

Table 1.  Baseline HSDPA Throughput Performance vs Load (entire system)

with Max C/I Scheduler based on Modified ETSI source model and 30% Overhead
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Table 2.  Baseline HSDPA Throughput Performance vs Load (center cell)

with Max C/I Scheduler based on Modified ETSI source model and 30% Overhead
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From Table 1 above, the Service throughput averaged over all sectors for the Max C/I scheduler is about 2.5Mbit/s at 89% utilization while the OTA throughput is about 2.7Mbit/s.  The overall average Packet Call throughput drops from about 1.6Mbit/s to 1.0Mbit/s as the load increases.  Fairness is shown in terms of the per user average packet call throughput outage cdf values given in both tables.  For example, for the 12 users per sector load 21% of the users achieve an average packet call throughput of between 384kbit/s and 1Mbit/s and 79% of the users in the system achieve better than 1Mbit/s. Residual FER after Hybrid ARQ is given in terms of the percentage of users with a frame erasure rate greater than 10-2 and 10-4.  For the 100 users per sector load from Table 1, about 99.6% of the user’s FER after ARQ (residual FER) is less than 10-4 and greater than 99.9% of the users have residual FER less than 10-2. Small residual FER is important to TCP/IP performance.

Table 2 gives center cell only statistics, and shows that the average Service throughput reaches about 2.8Mbit/s at 100% channel utilization. Average Packet Call throughput drops to about 0.9Mbit/s at 100% channel utilization. Note that the service throughput statistic can still improve once 100% channel utilization is reached for a given sector if there are fewer retransmissions due to a lower FER.  As surrounding sectors reach 100% utilization the uncertainty of other cell interference level is reduced thus reducing AMC errors and resulting in fewer retransmissions.

WCDMA Release 99 throughput performance is bounded by the results given in Table 3 and 4 below. QPSK modulation with a maximum peak rate of 2Mbit/s was modeled.  Fast scheduling, a 3.33ms frame size, and conventional ARQ (no soft combining) were used. A tighter throughput bound is possible by increasing the frame size (TTI=10ms or 20ms) and increasing the scheduling and acknowledgement latency (this was not done for this study).  HSDPA Packet Call throughput performance from Tables 1 and 2 is about twice that of  Release 99 throughput bound results in Tables 3 and 4 (see Figure 1).  For the 56 user/sector load, 47% of the data users have packet call throughput better than 1Mbit/s (see Table 1) while the Release 99 bound case only has 5% of its users better than 1Mbit/s (see Table 3). 

Table 3.  QPSK with 2Mbit/s Pk Rate Throughput Performance vs Load (entire system)

with Max C/I Scheduler based on Modified ETSI source model and 30% Overhead
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Table 4.  QPSK with 2Mbit/s Pk Rate Throughput Performance vs Load (center cell)

with Max C/I Scheduler based on Modified ETSI source model and 30% Overhead
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Conclusion:

Best effort packet data average sector service throughput for a HSDPA system with 30% overhead using a maximum C/I scheduler was shown to about 2.7Mbit/s based on quasi-static system simulations. A single ray 3kph Rayleigh faded channel was modeled for each user. At this load level up to 38% of the users in the system still achieved a packet call throughput exceeding 1Mbit/s and less than 10% achieved throughput below 32kbit/s (from Table 1). HSDPA has twice the throughput of the Release 99 WCDMA throughput bound (see Table 3).
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Figure 1.  Packet Call throughput vs Service Throughput for different loading.

Annex A
Throughput Statistic Descriptions

OTA – over the air per frame throughput, Frame Rate/#transmissions. (Unaffected by time between retries.)

Service – total good (successful) frame bits transmitted per second for a given sector. As observed from BTS including all users and idle time. (Affected by time between retries).

Packet Call - total bits per packet call divided by total time to transmit packet call.

Utilization – percentage of time that frame intervals are active for a given sector.

(active = transmission occurs on downlink shared channel).
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Figure A1. Throughput Statistic Description for System Simulations.

The service throughput for a given sector j is
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The service throughput averaged over all sectors in the system is
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Also
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or
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(4)
where 

Ngood_frames – total good frames over all sectors sent during simulation
Nretries – total unsuccessful (“bad”) frames over all sectors transmitted during simulation
Nempty – total frame intervals over all sectors where there was no transmission during sim.

Nlost – total frame intervals over all sectors where the corresponding frame was aborted  during sim.

Tframe – frame time interval
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Therefore
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The packet call throughput is given by
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where

k =  denotes the kth packet call from a group of K packet calls

i =  denotes the ith user from a group of N users

j = denotes the jth drop from a group of J drops

the time parameters in Equation 10 are described in Figure A1.

The user packet call throughput becomes
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ANNEX B

System Simulation Assumptions

The following parameters related to HSDPA features were used:

· MCS selection based on CPICH measurement (RSCP/ISCP)

· MCS update rate: once per 3.33 ms (5 slots)

· CPICH measurement transmission delay: 1 frame   

· Selected MCS can be applied after 1 frame delay upon receiving measurement report

· Std. dev. of CPICH measurement error: 0

· CPICH measurement rate: once per 3.33 ms (sampling is 0.67ms, IIR filter sampled once per 3.33ms using IIR filter with coefficient of 0.3 (new data weighted by 0.7)) 
· CPICH measurement report error rate: 0 %

· Frame length for fast HARQ: 3.33 ms

· Fast HARQ feedback error rate: 0%

· Channel Model: 3kph, single Rayleigh ray with 0.98 fraction of recovered power

· STTD enabled.

· Maximum C/I scheduler (see [2])

· Modified ETSI Call model (see [2])

· No implementation loss (Note [4] had implementation loss of 1.5dB)

· Throughput measurements are over the entire two-ring system and the center cell.

Basic system level parameters:

The basic system level simulation parameters are listed in Table B1 [2] below.

Table B1. Basic system level simulation assumptions.

Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal grid, 3-sector sites
19 sites

Site to Site distance
2800 m


Antenna pattern
As proposed in [4]
Only horizontal pattern specified

Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometres

CPICH power
-10 dB


Other common channels
- 10 dB


Power allocated to HSDPA transmission, including associated signaling
Max. 70% of total cell power


Slow fading
Similar to UMTS 30.03, B 1.4.1.4 


Std. deviation of slow fading
8.0 dB 


Correlation between sectors
1.0


Correlation between sites
0.5


Correlation distance of slow fading
50 m   
See D,4 in UMTS 30.03.

Carrier frequency
2000 MHz


BS antenna gain
14 dB


UE antenna gain
0 dBi


UE noise figure
9 dB


Max. # of retransmissions
15
Retransmissions by fast HARQ


Fast HARQ scheme
Chase combining
Dual stop-and-wait

BS total Tx power
42.3 dBm


Active set size
3
Maximum size

Specify Fast Fading model
Jakes spectrum
Generated by Filter approach 

e.g. m=3 transmissions of frame i
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