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1
Introduction

In the last RAN 1meeting (Orlando) we presented a proposal [1] to insert special pilot bits (HS-pilot) into the CQI field of the HS-DPCCH accompanied by some results showing performance gains in soft handoff state. An alternative proposal [2] used Repetition of the HS-DPCCH ACK/NACK and CQI fields across sub-frames (TTIs) in order to reduce power. We first compare these two schemes and consider the following scenarios:

a) UE in soft handoff; 3 kmph fading; no limitation on transmit power

b) UE in soft handoff, 3 kmph and 30 kmph fading, limitation on transmit power

and establish the considerable gains of the HS-pilot insertion scheme over repetition scheme at low speeds  (3 kmph). Further as proposed in [3] we combine the two concepts and use a format that uses both HS-Pilot Insertion and sub-frame repetition. In particular, we present results for the scenario: 

c) UE in soft handoff, 3 kmph and 30 kmph fading, limitation on transmit power

and quantify the gains achieved at 30 kmph when HS-pilot insertion works in tandem with two TTI repetition.

2
Simulation methodology

1. The pilot power targets in the close-loop power control for both proposals are set to –21dB after dual antenna MRC. This pilot is referenced as newly inserted pilot (5*256 chips) in HS-Pilot proposal, and Release-4 RL-DPCCH pilot (6*256 chips) in Repetition proposal. 

2. The case of “no limitation on transmit power” is simulated for the Rayleigh faded channel condition at 3 kmph, for 3 leg soft handoff and single leg cases. 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 and single leg cases.

3. 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.

4. 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) = 0.01 or 0.02.

5. 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.  

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

7. The channel estimation uses a simple matched filter at both Dopplers and obtains a one shot estimate based on half a slot of HS-Pilot in HS-Pilot proposal and 6 symbols within a slot in Repetition proposal. In the case of HS-Pilot proposal, such an estimate is applied to the entire TTI HS-DPCCH fields’ symbol de-rotation whereas in Repetition proposal it is used to de-rotate the symbols in the corresponding slots. The channel estimation is performed only on pilot symbols and independent from each other.  

3
Simulation Results

Results are presented for the following scenarios:

A) 
UE IN SOFT HANDOFF; 3 KMPH FADING; NO LIMITATION ON TRANSMIT POWER

i) 
ACK/NACK Performance Summary

Condition
Diversity  Eb/N0(ACK) dB
Diversity Eb/N0(NACK) dB
Diversity Ec/Nt(ACK) dB
Diversity Ec/Nt(NACK) dB

Ideal Channel Estimation, HO 1-way, 3 kmph
7.56
-3.01
-26.5
-37

Real Channel Estimation, -21 dB pilot SIR, 6 symbols, HO 1- way, 3 kmph
8.44
-2.25 
-25.5
-36.25

Ideal Channel Estimation, -21 dB pilot SIR, HO 3-way equal, 3 kmph
14.2
0.6
-19.8
-33.4

Real Channel Estimation, -17 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph
18.6
5.14
-15.4
-28.9

Real Channel Estimation, -21 dB HS-pilot SIR,  5 symbols, 3 kmph
8.7
-2.2
-25.3
-36.2

Real Channel Estimation, -21 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph, Repetition = 2
23
12.5 *
-14
-24.5

Real Channel Estimation, -21 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph Repetition = 4
21
7
-19
-33

Table 1: ACK/NACK energy requirements to meet target error rates for different control channel formats, 3 kmph

ii)
CQI Performance Summary

Condition
Div  Eb/N0(CQF) dB
Ec/Nt(CQI) dB
BLER (CQI)

Real Channel Estimation, -21 dB pilot SIR, 12 symbols, HO 1- way, 3 kmph
1
-29.1
1%

Real Channel Estimation, -21 dB pilot SIR, 12 symbols, HO 3-way equal, 3 kmph
12
-18.1
1%

Real Channel Estimation, -21 dB HS-pilot SIR,  5 symbols, 3 kmph
4.8
-25.3
0.1%

Real Channel Estimation, -21 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph, Repetition (only) = 2
14
-17.1
1%

Real Channel Estimation, -21 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph Repetition (only) = 4
13
-23.1
1%

Table 2: CQI energy requirements to meet target error rates for different control channel formats, 3 kmph

B) UE IN SOFT HANDOFF, 3 KMPH AND 30 KMPH FADING, LIMITATION ON TRANSMIT POWER

As mentioned, the pilot power targets in the closed-loop power control for both proposals are set to –21dB after antenna MRC. 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. Therefore the average Tx power approximately equals the power control target without the antenna diversity gain under the assumption of 0dB geometry (path-loss and shadow fading). For example, if the pilot target is –21dB, then the maximum transmitted pilot power is also about –21dB. 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. Hence in the HS-pilot proposal, we actually see a higher T/P ratio (or required ACK/NACK or CQI Ec/Nt) than the case of no power limitation. The reason is obviously because this proposal does not anymore have the full flexibility of unrestricted power control to compensate for the fading Yet at low speeds, this proposal provides higher gains in power offsets compared to plain repetition. 

i)
ACK/NACK Performance Summary

Field Format
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx ACK Ec/Nt

(per antenna)

(dB)
BER

HS-Pilot only
ACK
3
6
-18.48
0.01



30
9
-15.01
0.01


NACK
3
-7.5
-31.98
0.00010



30
-4
-27.99
0.00015

Repeat 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

Repeat 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

Table 3:. Comparison of ACK/NACK channel performance with Tx power limitation
ii)
CQI Performance Summary

Field Format
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx CQI Ec/Nt

(per antenna)

(dB)
BLER

HS-Pilot only
3
0
-24.33
0.020


30
5
-18.63
0.0193

Repeat (only) 2 TTI
3
3
-22.96
0.02


30
1
-24.98
0.021

Repeat (only) 4 TTI
3
0
-26.02
0.019


30
-5
-31.00
0.021

Table 4. Comparison of CQI channel performance with Tx power limitation
C)
UE IN SOFT HANDOFF, 3 AND 30 KMPH FADING, LIMITATION ON TRANSMIT POWER, HS-PILOT WITH TWICE REPETITION

Motivated by the advantages of diversity gain at higher speeds, we investigate the performance of the combined concept of HS-Pilot Insertion and Repetition (2 is considered sufficient) and present results. All earlier results with transmit power limitation are also included for easy comparison.

i) 
ACK/NACK Performance Summary

Channel prototype
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx ACK Ec/Nt

(per antenna)

(dB)
BER

HS-Pilot

only
ACK
3
6
-18.48
0.01



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

Repeat 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

Repeat 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

Table 5. Comparison of ACK/NACK channel performance with Tx power limitation
ii) 
CQI Performance Summary

Channel prototype
Mobile

speed

(km/hr)
T/P ratio

(dB)
Rx CQI Ec/Nt

(per antenna)

(dB)
BLER

HS-Pilot

only
3
0
-24.33
0.020


30
5
-18.63
0.0193

HS-Pilot

(repeat 2 TTI)
3
-3
-27.47
0.0192


30
-1
-24.66
0.0182

Repeat only (2 TTI)
3
3
-22.96
0.020


30
1
-24.98
0.021

Repeat only (4 TTI)
3
0
-26.02
0.019


30
-5
-31.00
0.021

Table 6 Comparison of CQI channel performance with Tx power limitation
4
Discussion

1. In the case of “no limitation of transmit power”, the HS-Pilot proposal performs much superior to the Repetition proposal for the simulated speed of 3 kmph. The ACK/NACK channel with HS-pilot needs lower power by a factor of more than 11 dB compared to 2 repeats and about 5 dB lower power with respect to 4 repeats. Notice that some diversity gain kicks in as well in the case of 4 repeats. The 2 repeats case hits a channel estimation error floor and performs quite poorly and is unable to satisfy requirements below the desired error targets.  For CQI channel with HS-pilot the power requirements are 8 dB lower (2 dB lower) compared to 2 repeats (4 repeats) while the error rate is ten times better (0.1% compared to 1%).

2. In the case of “limitation on transmit power”, the Repetition proposal is generally worse than HS-Pilot proposal under the low Doppler (3km/hr) because the former one either requires higher transmit power due to high T/P ratio, or consumes more mobile energy due to repetition. For ACK/NACK, the two repetition only case is about 4.5 dB worse in power requirements than HS-Pilot at 3 kmph, whereas the four repetition case is comparable (slightly better) to HS-Pilot at 3 kmph, the last due to some diversity gain as well. For CQI, the power with two repeats method is about a dB and a half worse than with HS-pilot method, while the four repeats method is similarly better than HS-pilot method.

3. At higher Doppler (30 km/h) diversity gain kicks in to provide improved performance to the Repetition proposal under the situation of “limited transmit power”. Also independent power control for the HS-Pilot loses efficacy at higher Doppler. For the ACK/NACK channel power, the two repeats only method is about 3 dB better than HS-pilot method whereas the four repeats method is about 10 dB better. However, in absolute terms, it is important to note that with the HS-pilot proposal ACK/NACK channel power deteriorated by only 3 dB when the speed increased from 3 kmph to 30 kmph. For the CQI channel, the two repeat only method was nearly 6 dB better (comparable) to the HS-pilot method whereas the four repeat only method was better by more than 12 dB. 

4. In the simulation of Repetition proposal, if the path-loss and shadow fading related to HSDPA base stations are lower than those of other base stations in the active set, the performance due to off-hook power control is worse than what is shown here.  

5. Also when the mobile is in soft handoff and not necessarily at the edge of coverage (because soft handoff zones can be quite wide occupying 1/3 the total coverage area of a cell), then the transmit power limitation is gradual. i.e. instead of 3 dB headroom assumed at the edge, the headroom progressively increases, increasing the efficacy of power control in HS-Pilot proposal and hence shows greater gains (similar to no tx power limitation) over Repetition proposal. 

6. As indicated in [3], the two independent concepts i.e HS-Pilot based estimation and power control and Repetition (factor of two should suffice at 30 km/hr) can be combined to provide the best format in terms of lowest power offsets for HS-DPCCH in the face of limitation in coverage (max power) and capacity (interference control). Results confirm this especially for 30 kmph: the factor of two repetition with HS-pilot brought the ACK/NACK power levels at 30 kmph well below those requirements for 3 kmph using HS-pilot only without any repetition. At the same time we see nearly 4 dB gain with respect to having only factor of two repetition without pilot at this speed. Likewise the CQI channel power for 2% error performance with twice repetition and HS-pilot brought at 30 kmph about nearly 6 dB gain with respect to the requirement at the same speed but with HS-pilot only. The requirement at 30 kmph is now the same as the low requirement with HS-pilot only and no repetition at 3 kmph.

5
Conclusions

In soft handoff and low vehicle speeds (3 kmph) expected to be commonly encountered in real world HSDPA deployments, it is recommended to use the HS-DPCCH format with HS-Pilot Insertion with no additional repeats to obtain very good performance in terms of UL coverage and capacity impact. Furthermore, this approach places no restriction on UE scheduling and hence preserves DL throughput efficiency. 

In soft handoff and higher vehicle speeds (30 kmph) it is recommended to use the format with HS-Pilot and an additional repeat to obtain similar good performance in terms of coverage and capacity impact. However using no additional repeats in this situation only marginally affects power requirement for the ACK/NACK channel. 

In non soft handoff cases, it is recommended to use the existing format with no HS-Pilot and possible additional repeats. 

Switching between these different modes is accomplished via upper layer RRC signaling. Since the HS-Pilot needs to be separately power controlled by the HSDPA serving Node B, one out of every three power control command bits is stolen for this purpose by the HSDPA Node B upon whose reception the UE applies this command to the HS-DPCCH pilot and ignores it in conjunction with the Release 4 UL-DPCCH pilot. The significant performance improvements impacting HSDPA uplink coverage and capacity demonstrated in this contribution merit the adoption of such an approach.
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