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1. Introduction 

In [1] and [2], it was discussed that when UE is in soft handover region, having fixed power offset for HS-DPCCH with respect to the UL DPCCH will result in the following problems.

· High power requirements for HS-DPCCH due to poor power control performance caused by “OR of DOWNs” operation, especially when UE speed is low, which probably represents the most important environment for HSDPA. 

· Performance degradation due to poor channel estimation as a result of weaker received pilot in UL DPCCH.

To solve the aforementioned problems, in [2] and [3], the followings were proposed.

· Transmission of a special pilot field (HS-pilot) on HS-DPCCH.

· HS-DPCCH transmit power is controlled exclusively by the HS-DSCH serving cell independent of the UL DPCCH power control.

In this contribution, the proposal in [2] and [3] is further detailed and some simulation results are shown for discussion.

2. Performance of repetition scheme

As an alternative to reduce the power requirement associated with HS-DPCCH, repetition of ACK/NACK and/or CQI transmission was proposed in [4].

In Figure 1, the CQI BLER performance of the repetition scheme is shown with (20,5) CQI coding scheme of TS 25.212 v5.0.0. The following two cases are simulated assuming the “OR of DOWNs” power control with a power offset between DPCCH and HS-DPCCH. Further detailed simulation assumptions are shown in Table A.1 of appendix A.

· Ideal case: 1 way, ideal channel estimation, 3kmph, 6 pilot bits, target SIR of DPCCH = -21 dB.

· SHO case: 3 way handoff, real channel estimation, 3kmph, 6 pilot bits, target SIR of DPCCH = -21 dB, number of repetitions = 1, 2.
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(b) 3 dB more path loss for the HS-DSCH serving cell

Figure 1. CQI BLER performance with the “OR of DOWNs” power control and the repetition

The performance degradation of SHO case compared to the ideal case is due to the poor power control performance as well as the resultant poor channel estimation. Furthermore, the CQI BLER performance becomes worse in the case of larger path loss for the HS-DSCH serving cell. It can be observed that the poor channel estimation due to the weaker received pilot limits the CQI BLER performance even though CQI transmit power is increased, i.e., the poor channel estimation causes an error floor. Due to this error floor, 1% target BLER cannot be achieved in case of 3 dB more path loss for the HS-DSCH serving cell. The repetition scheme cannot eliminate the error floor, although it lessens the power requirement. 

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

From the results of section 2, when UE is in soft handover region, the pilot bits in UL DPCCH seem to fail in achieving the acceptable performance even though the repetition scheme is employed. This observation justifies the need of independent power control of HS-DPCCH with HS-pilot insertion as proposed in [2] and [3].
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Figure 2. Proposed HS-DPCCH structure with a special pilot bits (HS-pilot) field

In [2], the 5-bit special pilot (HS-pilot) field was proposed to be inserted just after the first slot carrying ACK/NACK for proper derotation of the received ACK/NACK symbols. That proposal may cause some reduction in Node B processing time for ACK/NACK decoding. As an improvement on this, we propose to insert the 5-bit HS-pilot field in the second half of the third slot as shown in Figure 2. Then, there would be no reduction in Node B processing time, because channel estimation can be performed based on the HS-pilot field of the previous subframe. 
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Figure 3. Proposed HS-DPCCH power control operation

With the subframe structure of Figure 2, 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 3.

· 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 3: 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. 

To support 5-bit HS-pilot field transmission, (15,5) CQI coding scheme is needed. In Release 99 TS 25.212, (16,5) TFCI code is defined for split mode operation. It is noted that in normal transmission only first 15 bits of 16 TFCI codeword bits are transmitted. So, the effective coding scheme is (15,5) code whose basis sequences are shown in Table 1. Note that the notational convention is the same as TS 25.212 section 4.3.4.
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

It is proposed to use this (15,5) code for CQI coding in case of 5-bit HS-pilot field insertion. 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.

4. Performance evaluation of the proposed scheme

In this section, some simulation results are shown to evaluate performance of the independent power control of HS-DPCCH. 
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(a) Equal path loss for all active cells

[image: image6.emf]-8 -4 0 4 8 12 16 20 24

10

-2

10

-1

 Proposed scheme with 2 times repetition

 Proposed scheme without repetition

 Conventional scheme with 2 times repetition

 Conventional scheme without repetition

3dB more path loss for the HS-DSCH serving cell

CQI BLER

Tx. Eb/No
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Figure 4. CQI BLER performance of the independent power control of HS-DPCCH

In Figure 4, we compare the CQI BLER performance of the independent power control w/wo repetition and the “repeat only” scheme. Contrary to the “repeat only” scheme, the independent power control scheme eliminates the error floor. At the operating point of 1% BLER, the independent power control scheme has the significant gain over the “repeat only” scheme and this gain becomes larger if repetition is employed also for the independent power control. The performance gain of the independent power control is more emphasized in the case that the path loss of the serving cell is larger than that of other cells.

Figure 5 shows the BLER of UL DPDCH when the independent power control is applied for the HS-DPCCH. The result shows that the impact of the stolen TPC command on DPDCH performance is very negligible.
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Figure 5. BLER performance of the UL DPDCH

5. Conclusion

In this contribution, we showed that the independent power control of HS-DPCCH with HS-pilot insertion achieves the significant performance improvement. The performance gain becomes more significant if the repetition scheme is also applied in combination with the independent power control.

Based on the performance evaluation, in soft handover cases, we propose to employ the independent power control of HS-DPCCH with HS-pilot insertion 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 as specified in Annex A of TS 25.104

Primary DPCCH/DPDCH power ratio (dB)
-2.69

Channel Estimation (CE)
Ideal Channel Estimation or Real Channel Estimation

Inner-loop transmit power control (TPC)
On

Outer-loop power control
Off

TPC step size
1dB

TPC command error rate
No error

Cell configuration
Three cells and single user
Equal mean attenuation factor or Unequal mean attenuation factor for 3 cells (HS-DSCH serving cell: -3 dB, Other cells: 0 dB)

Propagation Channel
CASE 1 (2 tap, 3kmph)

As specified in TS 25.104 with tap delays modified to be integer number of chips.

Antenna configuration
2 antenna space diversity

Channel Oversampling
1 sample/chip

Target SIR of DPCCH and HS-pilot
-21dB

HS-DPCCH SF
256

HS-DPCCH CQI information bits
5 bits
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