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1
Introduction

In the last RAN 1meeting (Paris) we presented simulation results comparing our proposal [1] to insert special pilot bits (HS-pilot) into the CQI field of the HS-DPCCH against proposal [2] that used Repetition of the HS-DPCCH ACK/NACK and CQI fields across sub-frames (TTIs) in order to reduce power. We further compared these against a hybrid proposal [3] that combines both their aspects. The comparisons were done for the cases of no limitation on transmit power as well as limited (3 dB) headroom on channel power. Furthermore, the channel estimation scheme used for the Repetition based proposal was a Matched Filter estimate based on six R’99/R4 pilot symbols at a time, i.e. one shot per slot.

In this contribution, we continue our investigations on HS-DPCCH performance and consider various channel estimation algorithms for the Repetition scheme that collected more pilot energy by forming one shot estimates per TTI, i.e. accumulation of 18 symbols over three slots. Likewise we attempt to improve the channel estimation scheme with the HS-Pilot through its weighted combination with the R’99 pilot bits. We further devote our attention to the power limited case only, which hence translates to comparing the coverage range of different proposals. 

2
Simulation methodology

1. The pilot SIR targets in the close-loop power control for both proposals are set to –21dB after dual antenna MRC. These pilot SIRS are measured using the newly inserted pilot (5*256 chips) once per TTI in HS-Pilot proposal, and using Release-4 RL-DPCCH pilot (6*256 chips) once per slot in Repetition proposal. 

2. In the simulation of Repetition proposal, the closed-loop power control is performed in each slot based on the rule of “OR the DOWN” of multiple Node B commands, while for HS-Pilot proposal, the closed-loop power control is done once in every TTI based on the command from HSDPA Node B.

3. Case of “limitation on transmit power” is simulated for Rayleigh faded channel conditions at 3 kmph and 30 kmph for the 3 leg soft handoff cases assuming equal relative geometry. A cap on the transmission power (limit) is set to model “edge of coverage” and simulated as follows: the maximum transmitting power is set as 3dB (headroom) above the average transmitting power. 

4. The ACK/NACK and CQI fields are scaled according to the fixed T/P (traffic to pilot) ratio. The T/P ratio for a given sub-channel is obtained for both proposals by simulation that assumes this “power limitation” in order to achieve the desired error targets.

5. Target Error rates as in [4]: P(ACK|NACK) = 0.0001, P(NACK|ACK) = 0.01,  P(ACK|DTX) = 0.01 and P(CQI feedback error) = 0.02.

6. Due to the different requirements on P(ACK|NACK), P(NACK|ACK), P(ACK|DTX) etc., the threshold in the coherent BPSK demodulation is not zero [4]. This threshold is identical in the simulations for both proposals and the simulated mobile speeds on account of the P(ACK/DTX) constraint as explained in [4]. Apart from this static threshold, we have also used a dynamic component to the threshold that scales it in proportion to the instantaneous channel amplitude in this and all our earlier contributions [4], [5] showing simulation results.

7. The simulation uses (15,5) BCH coding for HS-Pilot proposal’s CQI channel and (20,5) TFCI coding in Repetition proposal. 

8. The channel estimation uses a simple matched filter at both vehicle speeds and obtains a one shot estimate. We have considered a variety of window lengths for channel phase (affects symbol de-rotation) and amplitude (affects MRC weighting and thresholding) estimation in the following. 
3 Simulation Results

Table 1. Comparison of ACK/NACK channel performance with Tx power limitation

Channel prototype
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx ACK Ec/Nt

(per ant.)

(dB)
FER
Channel estimation method

HS-Pilot

(1 TTI)
ACK
3
6
-18.48
0.01
One shot per slot



30
9
-15.01
0.01



NACK
3
-7.5
-31.98
0.00010




30
-4
-27.99
0.00015


HS-Pilot

(repeat 2 TTI)
ACK
3
2
-22.51
0.01




30
2
-21.77
0.0099



NACK
3
-12
-36.48
0.00010




30
-11
-34.76
0.000097


Repetition only

(2 TTI)
ACK
3
12
-13.94
0.0098




30
8
-18.01
0.01



NACK
3
-1
-26.98
0.00011




30
-5
-31.00
0.000097


Repetition only

( 4 TTI)
ACK
3
7
-18.99
0.0099




30
0.44
-25.56
0.01



NACK
3
-9
-34.95
0.000097




30
-13
-38.99
0.000115


HS-Pilot

(1 TTI)
ACK
3
4
-20.5073
0.0107734
One shot per slot for amplitude using HS- and UL-DPCCH used to form One shot per TTI repeat for phase 



30
7
-16.8973
0.0104902



NACK
3
-10
-34.4839
0.000112




30
-6
-29.8833
8.6e-05


HS-Pilot

(repeat 2 TTI)
ACK
3
1
-23.4807
0.0092005




30
1
-22.8876
0.0093156



NACK
3
-13
-37.478
0.000114




30
-12
-35.8813
9.8e-05


Repetition only

(2 TTI)
ACK
3
6
-19.9475
0.0100113
One shot per TTI repeat

(common for phase and amplitude)



30
4
-21.9967
0.0105175



NACK
3
-8
-33.9854
9.7e-05




30
-9
-34.9949
9.3e-05


Repetition only

(4 TTI)
ACK
3
3
-22.9896
0.0090249




30
-1.5
-27.486
0.00945



NACK
3
-11
-36.9779
0.000101




30
-14
-39.9929
9.8e-05


Repetition only

( 2 TTI)
ACK
3
7
-18.9545
0.010204
One shot per slot for amplitude used to form One shot per TTI repeat

for phase



30
5
-20.9957
0.0114054



NACK
3
-7
-32.9828
0.000104




30
-8
-33.9891
9e-05


Repetition only

(4 TTI)
ACK
3
4
-21.9731
0.0089289




30
-1
-26.9871
0.0106101



NACK
3
-10
-35.9681
0.000106




30
-14
-39.9929
0.00011


Table 2. Comparison of CQI channel performance with Tx power limitation
Channel prototype
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx ACK Ec/Nt

(per antenna)

(dB)
FER
Channel estimation method

HS-Pilot

(1 TTI)
3
0
-24.47
0.0216
One shot per slot


30
5
-18.63
0.0193


HS-Pilot

(repeat 2 TTI)
3
-3
-27.47
0.0192




0
-24.48
0.0088



30
-1
-24.66
0.0182




1
-22.66
0.0098


Repetition only

(2 TTI)
3
3
-22.96
0.020



30
1
-24.98
0.021


Repetition only

( 4 TTI)
3
0
-26.02
0.019



30
-5
-31.00
0.021


HS-Pilot

(1 TTI)
3
-1
-25.5278
0.02041
One shot per slot for amplitude using HS- and UL-DPCCH used to form One shot per TTI repeat for phase


30
3
-20.6916
0.01867


HS-Pilot

(repeat 2 TTI)
3
-4
-28.4946
0.02117



30
-2.5
-26.1665
0.01975


Repetition only

(2 TTI)
3
1
-25.0469
0.01871
One shot per TTI repeat (common for phase and amplitude)


30
-1
-27.0049
0.01938


Repetition only

( 4 TTI)
3
-2.5
-28.4769
0.0197



30
-6
-31.9916
0.01687


Repetition only

(2 TTI)
3
2
-24.0702
0.017
One shot per slot for amplitude used to form One shot per TTI repeat for phase)


30
0
-25.9948
0.018


Repetition only

( 4 TTI)
3
-2
-28.014
0.022



30
-6
-31.9986
0.022


4
Discussion

Table 3. Summary of Power Requirements (Ec/Nt in dB per Rx antenna) to satisfy target error rates
HSDPCCH Channel and Doppler
Repetition (4 TTI)
HS-Pilot (2 TTI)
Repetition (2 TTI) 
HS-Pilot (1 TTI)

ACK 3 kmph
-22.9
-23.5
-19.9
-20.5

NACK 3 kmph
-36.9
-37.5
-34.0
-34.5

CQI 3 kmph
-28.5
-28.5
-25.0
-25.5

ACK 30 kmph
-27.5
-22.9
-22.0
-16.9

NACK 30 kmph
-39.9
-35.9
-35.0
-29.9

CQI 30 kmph
-32.0
-26.2
-27.0
-20.7

Among the several real channel estimation algorithms that have been tried, we pick the best performing ones and summarize the HSDPCCH Channel field power requirements for both speeds in the above table 3.  For plain Repetition method the “One shot per TTI repeat (common for phase and amplitude)” algorithm yields best performance and for the HS-pilot insertion proposal, the “One shot per slot for amplitude using HS- and UL-DPCCH used to form one shot per TTI repeat for phase” works best. 

In summary, the following points are to be noted:

· At 3 kmph, the HS-pilot with 2 TTI repeat outperforms the Plain Repetition with 4 TTI repeat by more than half a dB for the ACK/NACK channel, and same for CQI channel

· At 3 kmph, the HS-pilot with 1 TTI transmission has performance that is comparable with the Plain Repetition with 2 TTI repeat for all HS-DPCCH fields.

· At 30 kmph, the HS-pilot with 2 TTI repeat outperforms the Plain Repetition also with 2 TTI repeat by 3.5 dB in all HS-DPCCH fields.

· At 30 kmph, the HS-pilot with 2 TTI repeat outperforms the Plain Repetition also with 2 TTI repeat by nearly one dB in all HS-DPCCH fields.

5
Conclusions

In soft handoff and low vehicle speeds (3 kmph) expected to be commonly encountered in real world HSDPA deployments, the HS-DPCCH format with HS-Pilot Insertion and two repeats needs 3.5 dB lower power requirement (1 dB lower at 30 kmph) overall over the format of two plain repeats, under conditions of limited transmit power. This implies that for the same throughput performance, the HSDPA link budgets and coverage range will be 3.5 dB better for the HS-pilot proposal than the Repetition method. It is further seen that despite a factor of four repeats the plain Repetition method is still unable to match the HS-pilot (with twice repeat) proposal’s performance. It has been shown [6] that large repetition factors can degrade HS-DSCH throughput severely since transmission to the same UE is not allowed during the TTIs corresponding to the periods of repetition. In this regard, it should be noted that the HS-Pilot format with just one TTI transmission (hence better throughput) has coverage range comparable to the plain repetition format with two TTI transmissions (worse throughput).

The coverage gains of HS-pilot insertion proposal reported herein assume equal relative geometry between the soft handoff legs and these gains are expected to show a significant increase in the case of the HS-DSCH serving Node B having lower relative geometry. It should also be noted that the coverage issue is expected to be more vexing and the coverage advantage of HS-pilot proposal even more significant when two antenna receive diversity (that is assumed in all simulations) is not available.

Aside from the coverage advantage, the UE may have a lot of headroom available when in soft handoff, for instance, when it is closer to the HS-DSCH serving Node B than others or for instance, when it does not have any uplink DPDCH transmission. In these instances, the gain due to dramatically lower power offsets (5 to 10 dB) demonstrated in our earlier papers [4], [5] for the HS-Pilot proposal significantly reduces UL interference from these channels and hence improves system capacity. 

The significant performance improvements impacting HSDPA uplink coverage and capacity demonstrated for the HS-Pilot proposal under conditions and algorithms that are optimistic for the plain repetition approach merit the adoption of HS-Pilot approach in HSDPA Release 5 standards.
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