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1. Introduction 

In [1] presented in the last R1#25 meeting in Paris, we have evaulated the performance of our proposal for independent power control of HS-DPCCH utilizing the special pilot bits (HS-Pilot) inserted into the HS-DPCCH. In that contribution, our proposal w/wo repetition was compared with the simple repetition scheme proposed in [2]. 

As a response to the comments raised about [1] and [3] in Paris, in this contribution, we further investigate the impact of our proposal on the performance of UL DPDCH of 64 kbps as well as 12.2 kbps. 

2. Proposed independent power control of HS-DPCCH with HS-pilot insertion

In this section, our proposal is summarized. 
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Figure 1. Proposed HS-DPCCH structure with a special pilot bits (HS-pilot) field

The 5-bit HS-pilot field is inserted in the second half of the third slot as shown in Figure 1. With the subframe structure of Figure 1, the proposed HS-DPCCH power control operation is as follows.

· HS-pilot field is transmitted on HS-DPCCH every subframe. Transmission power of the HS-DPCCH is controlled exclusively by the HS-TPC command from the HS-DSCH serving cell as shown in Figure 2.

· HS-DSCH serving cell calculates the HS-TPC command for the HS-DPCCH utilizing the HS-pilot. HS-TPC command is time-multiplexed with the TPC command meant for the UL DPCCH as shown in Figure 2: HS-TPC command is transmitted in the TPC field of every third downlink slot while the other two downlink slots carry the TPC command meant for the UL DPCCH. Hence, power control rate of HS-DPCCH is 500 Hz.
· Transmission power of the UL DPCCH is controlled by the same way as the Release 99 uplink power control only with the exception that HS-TPC command from the HS-DSCH serving cell is neglected in power control operation of UL DPCCH. It is noted that in soft handover, the TPC commands from active cells other than the HS-DSCH serving cell are still used for power control of UL DPCCH even in the slot HS-TPC command is received from the HS-DSCH serving cell, as shown in Figure 2.
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Figure 2. Proposed HS-DPCCH power control operation

To support 5-bit HS-pilot field transmission, (15,5) CQI coding scheme is needed. The basis sequences for TFCI type (15,5) CQI coding scheme is shown in Table 1. A major benefit of this (15,5) CQI coding scheme is that it can be obtained only by simply removing the last 5 bits from the output codeword of the (20,5) CQI coding scheme.

Table 1. Basis sequences for the (15,5) CQI coding scheme

i
Mi,0
Mi,1
Mi,2
Mi,3
Mi,4

0
1
0
0
0
1

1
0
1
0
0
1

2
1
1
0
0
1

3
0
0
1
0
1

4
1
0
1
0
1

5
0
1
1
0
1

6
1
1
1
0
1

7
0
0
0
1
1

8
1
0
0
1
1

9
0
1
0
1
1

10
1
1
0
1
1

11
0
0
1
1
1

12
1
0
1
1
1

13
0
1
1
1
1

14
1
1
1
1
1

3. Impact of the proposed scheme on UL DPDCH performance

In this section, the BLER performance of the UL DPDCH is evaluated. Major simulation assumptions are as follows:

· Case of “limitation on transmission power” is simulated for 2-path Rayleigh fading channel at various UE speeds for soft handover cases with 3 active cells assuming equal relative geometry. Limitation on transmission power is assumed to model the UE located in edge of a cell and simulated as follows: the maximum transmission power is set as 3dB (headroom) above the average transmission power.
· In closed loop power control operation, SIR is measured by using the pilot bits once per slot and 4% TPC command error rate is assumed.

· Macro diversity operation is assumed in performance evaluation of UL DPDCH.

· Channel estimation is performed once per slot by the simple matched filter based method using the pilot bits. 

In Table A.1 of annex A, other detailed simulation assumptions are summarized.

Figure 3 shows the BLER of UL DPDCH of 12.2 kbps at UE speed of 3 kmph and 30 kmph. The results shows that the impact of the stolen TPC command on DPDCH performance is very negligible: the performance loss at 1% BLER is about 0.2 dB for 3 kmph and 0.1 dB for 30 kmph.
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(a) UE speed = 3 kmph
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(b) UE speed = 30 kmph

Figure 3. BLER performance of UL DPDCH of 12.2 kbps

Figure 4 shows the BLER of UL DPDCH of 64 kbps at UE speed of 3 kmph. The result shows that the performance loss at 1%  BLER is also about 0.2 dB.
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Figure 4. BLER performance of UL DPDCH of 64 kbps at UE speed of 3 kmph

Figure 5 shows simulation result for the required Eb/No to get 1% BLER for UL DPDCH of 12.2 kbps versus UE speed. At UE speed of 3 kmph to 40 kmph, the performance loss is less than or about 0.2 dB. At medium to high speed, the performance difference is invisible.
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Figure 5. Required Eb/No to get 1% BLER for UL DPDCH of 12.2 kbps at various UE speeds

5. Conclusion

In this contribution, the case of “limitation on transmit power” is simulated to see the impact of the stolen TPC command on BLER performance of UL DPDCH of 64 kbps as well as 12.2 kbps for the UE located in the edge of cell. 

In soft handover case with low to medium speeds, which will frequently occur in HSDPA deployment, the impact of the stolen TPC command on UL DPDCH performance is very negligible. Furthermore, the performance difference is invisible for medium to high speeds. This result means that in regard to UL DPDCH, the stolen TPC command does not cause coverage loss.

In [4], it is shown that the independent power control of HS-DPCCH with HS-pilot insertion achieves the significant gain in terms of transmit power at the edge of cell, which translates into significant coverage gain.

On the other hand, in [5], some simulation results are shown for comparison between the HS-Pilot proposal and the plain repetition proposal with channel estimation using the pilot bits of three slots. However, the simulation methodology of [5] for the HS-Pilot proposal is not correct, since the separate power control of HS-DPCCH was not implemented in the simulation. It should be noted that the gain of HS-Pilot proposal comes from the exclusive power control of HS-DPCCH by the HS-DSCH serving cell as well as the resultant improved channel estimation. 

It is shown in [6] that ACK/NACK repetition will prevent the expected values of peak bit rate from being achieved. This could be a serious problem especially for the high end UE that can be scheduled every TTI, since one of the most attractive points of HSDPA is that it provides the significantly higher peak bit rate than earlier releases. It was also shown in [7] that large repetition factor can cause significant degradation of HS-DSCH throughput. 

Considering the significant performance improvement for HS-DPCCH, very negligible or invisible impact on UL DPDCH performance, and the serious loss of peak bit rate and throughput caused by the plain repetiton, we propose to employ the HS-Pilot proposal in combination with the repetition scheme.
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Appendix A

Table A.1

Simulation Assumptions

Chip Rate
3.840 Mcps

Carrier Frequency (GHz)
2

Information bit rate (kbps)
12.2kbps & 64kbps as specified in Annex A of TS 25.104

Primary DPCCH/DPDCH power ratio (dB)
-2.69(12.2kbps), -5.64(64kbps)

Channel Estimation (CE)
Channel estimation per slot

Inner-loop transmit power control (TPC)
On

Outer-loop power control
Off

Tx. power limit
On (3dB headroom)

TPC step size
1dB

TPC command error rate
4%

Cell configuration
Three cells and single user
Equal mean attenuation factor for 3 cells

Propagation Channel
CASE 1 (2 tap, 3kmph) or 2 paths fading environment and UE speed of 30kmph

Antenna configuration
2 antenna space diversity

Channel Oversampling
1 sample/chip

Macro diversity in UL DPDCH decoding
On

SIR estimation for power control
SIR estimation per slot
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