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Similar to [1,2] the data throughput for best effort service is summarized in this contribution for the proposed HSDPA feature set. This contribution addresses the effect of fast cell selection (FCS) on down link throughput and residual FER. 

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 [3]. Many assumptions are given again in Annex B for the reader’s convenience.

Conclusion:

Fast Cell Selection (FCS) improves throughput and residual FER for UEs in multi-coverage regions (soft handoff regions).  This is because a UE in a multi-coverage region typically has a weaker channel to any single serving cell compared to UEs closer to their serving cell. With FCS the multi-coverage UE has more opportunities to select a better link to one of the serving cells and be scheduled.  The overall system benefit due to FCS is more significant with fair schedulers (such as Round Robin) compared to maximum C/I scheduler since the users with weak links are scheduled more often. With a maximum C/I scheduler the larger the load the less impact FCS has on performance. Without FCS it takes longer for UEs with weak links to finish a packet call and hence longer to release the dedicated control channel which results in further overhead and reduced system capacity.  Future study will determine how much larger the FCS benefit is with motion.
FCS

Fast Cell Selection (FCS) allows a UE to rapidly choose any one cell in its active set (i.e. set of potential serving cells) for down link transmission. The potential benefit is that for each frame interval the active set cell with the best faded link can be chosen for frame transmission to the UE. The UE chooses the best cell by comparing each active set cell’s estimated CPICH Ec/Io and transmits a cell indicator to be detected by the desired cell on a uplink dedicated control channel. Frame retransmissions can therefore take place by any active set cell if chosen and the resulting received signal energy from each frame is accumulated to model a Chase combining process. Note that the active set evolves with time as a UEs position changes.  In this simulation the UEs experience fast (Rayleigh) fading but did not move from the initial location for a given Monte Carlo drop.

As part of the adaptive modulation and coding (AMC) schemes proposed for HSDPA, the UE also estimates CPICH Ec/Nt (C/I) for each cell in its pilot active set for the current slot. The pilot Ec/Nt information for the selected cell is then also fed back on an uplink dedicated control channel. The Node B then uses the C/I estimate to determine the modulation and coding level for that users subsequent frame and possibly also for setting scheduling priorities. Past system simulation contributions [1,2] by Motorola have had FCS effectively disabled since at the time, average Ec/Io was used for cell selection instead of faded Ec/Io. The simulation results presented below compare throughput and residual FER statistics with and without FCS enabled. The cell selection update rate is once every 3.33ms.
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Simulation Results

The packet data throughput for best effort service with and without FCS is summarized in the following section. Tables 1 through 4 summarize performance for a data only HSDPA system with Maximum C/I and Round Robin schedulers using a modified ETSI source model [3]. The different throughput metrics presented are defined in Annex A (note the definition of OTA throughput has been modified from [1]). The MCS used were QPSK R=1/2, 16QAM R=1/2, 16QAM R=3/4, and 64QAM R=3/4. 

From Tables 1 and 2 for the Maximum C/I scheduler we see small improvements with FCS on. There is a small improvement in the per user packet call throughput cdf for low throughput users under low system loading. The columns marked "Residual FER" give the percentage of UEs whose frame error rate, after all retransmissions, is above 1% and 0.1%.  FCS also reduces residual frame error rate for low throughput users, which is important for TCP/IP applications.

TABLE 1   FCS Disabled with Max C/I Scheduler
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TABLE 2   FCS Enabled with Max C/I Scheduler
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From Tables 3 and 4 for the Round Robin scheduler see somewhat larger throughput improvements with FCS on compared to the Maximum C/I scheduler.  Figure 1 illustrates FCS benefits by showing the %User Packet Cell throughput CDF with and without FCS at different loading.  Figure 2 shows the increase in the average number of dedicated channels required to support the users that are not in the dormant state (waiting for all the packets of a packet call). Figures 3 and 4 compare throughput performance and fairness for Round Robin and Maximum C/I schedulers. Annex C gives the center cell results with and without FCS for the two schedulers.

TABLE 3   FCS Disabled with Round Robin Scheduler
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TABLE 4   FCS Enabled with Round Robin Scheduler
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Figure 1.  %User Packet Call Throughput CDF w/wo FCS for Round Robin
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Figure 2.  %Increase in required dedicated channels w/wo FCS
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Figure 3.  Packet Throughput vs Service Throughput for Max C/I and Round Robin
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Figure 4.  Fairness: %User Packet Call Throughput CDF comparing Maximum C/I  with Round Robin Schedulers at 3kph.
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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



[image: image9.wmf]å

=

=

onds

N

k

onds

N

j

tor

ServiceSec

sec

1

sec

j

sector 

for 

 

inverval

 

second

kth 

for 

 

bits

 

good

#

1

)

(


(1)

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 for user i and Monteo Carlo drop j 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, also refered to as pilot Ec/Nt or C/I)

· 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: 0,1, and 3 dB

· 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 [3])

· Modified ETSI Call model (see [3])

· No implementation loss (Note [1] had implementation loss of 1.5dB)

· Throughput measurements are over the entire system.

· Fast Cell Selection is based on other CPICH measurement (pilot Ec/Io)

Basic system level parameters:

The basic system level simulation parameters are listed in Table B1 [3] 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 

ANNEX C

Center Cell Results

TABLE C1   FCS enabled with Round Robin Scheduler
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TABLE C2   FCS disabled with Round Robin Scheduler
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TABLE C3   FCS enabled with Max C/I Scheduler
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TABLE C4   FCS disabled with Max C/I Scheduler
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