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1.0 Introduction

In this contribution, the power control scheme where the HS-DPCCH is independently power controlled without affecting the performance of the DPDCH [8] is revisited.  In Appendix-1, the power control scheme presented in [8] is summarized. Section 2.0 presents some modifications to the scheme during soft-handoff operation.   Section 3.0 presents new simulation results.  Finally, conclusions are drawn in Section 4.0 

2.0 Modification to the scheme

The following steps should be followed when the UE is in soft-handoff.

1. The modified power control algorithm (described in Appendix-1) is applied when the UE is in soft-handoff and the HS-SCCH is detected at the UE or the CQI feedback cycle (k) is less than some pre-defined threshold.

2. Unless the CQI feedback cycle (k) is set less than some pre-defined threshold, start a timer after detecting the HS-SCCH and turn the modified power control algorithm off (HS-Pilot is not transmitted) in case the timer expires.  If there are new assignments on the HS-SCCH before the timer expires, the pilot field is continuously transmitted.  In case that the CQI feedback cycle (k) is set to less than some pre-defined threshold, the HS-Pilot is continuously transmitted.   

3. The HS-DPCCH/DPCCH ratio is set as per higher level signalling when the pilot field is not transmitted.  A limit of x dB is set for the HS-DPCCH/DPCCH ratio so that the peak power requirement at the UE is not exceeded.

4. CQI coding switches between (20,5) and (15,5) coding based on HS-SCCH detection or whether the CQI feedback cycle (k) is less than some pre-defined threshold.   If any of the above conditions are met, the (15,5) CQI codeword as well as 5-bit HS-Pilot is transmitted as shown in Figure 22.  It may be noted that CQI could be DTX independent of HS-Pilot transmission according to the CQI feedback cycle. Otherwise, only (20,5) CQI codeword is transmitted during the 2nd and the 3rd slots. Detailed operation is described in section 2.1.
2.1 Switching operation of CQI coding scheme between (20,5) and (15,5)

Table 1 shows the basis vectors of (20,5) CQI coding scheme defined in TS 25.212.

	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

	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


Table 1. Basis vectors of (20,5) CQI coding scheme defined in TS 25.212

In the proposed scheme, when HS-Pilot bits are transmitted, only the first 15 bits of (20,5) CQI codeword of Table 1 is transmitted. The resulting (15,5) CQI codeword can be seen as generated by only using the yellow part of the basis vectors of Table 1. It may be noted that the (15,5) codeword is the same as the (15,5) Rel-99 hard split mode TFCI codeword.
If UE misses HS-SCCH when Node B has transmitted the control information on HS-SCCH, Node B will assume the HS-DPCCH sub-frame structure of Figure 22 and will try decoding the (15,5) CQI codeword and HS-Pilot based power control, although UE does not transmit HS-Pilot and CQI is (20,5) coded. This may result in failure in recovering CQI information. However, this problem in CQI decoding can be avoided if the 3rd - 17th bits of (20,5) CQI codeword also constitutes the (15,5) CQI codeword corresponding to the same CQI information. 
Based on the above observation, it is proposed to modify bit ordering of basis vectors of (20,5) CQI coding scheme as shown in Table 2. Then, the basis vectors of (15,5) CQI codeword correspond to the yellow part of Table 2, which is the same as the yellow part of Table 1.

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

	0
	0
	0
	0
	0
	1

	1
	0
	0
	0
	0
	1

	2
	1
	0
	0
	0
	1

	3
	0
	1
	0
	0
	1

	4
	1
	1
	0
	0
	1

	5
	0
	0
	1
	0
	1

	6
	1
	0
	1
	0
	1

	7
	0
	1
	1
	0
	1

	8
	1
	1
	1
	0
	1

	9
	0
	0
	0
	1
	1

	10
	1
	0
	0
	1
	1

	11
	0
	1
	0
	1
	1

	12
	1
	1
	0
	1
	1

	13
	0
	0
	1
	1
	1

	14
	1
	0
	1
	1
	1

	15
	0
	1
	1
	1
	1

	16
	1
	1
	1
	1
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


Table 2. Proposed bit ordering of basis vectors of (20,5) CQI coding scheme
It should be noted that Table 2 is obtained by permuting the rows of Table 1: rows 15, 16 (red color) of Table 1 are moved into rows 0, 1 in Table 2 and rows 0, 1, …, 14 (yellow color) of Table 1 are moved into rows 2, 3, …, 16 of Table 2. Hence, the performance of (20,5) CQI coding scheme with the basis vectors of Table 2 is the same as the performance of (20,5) CQI coding scheme with the basis vectors of Table 1.
3.0 Simulation Results

A chip level uplink simulator was used to study the performance of HS-DPCCH for Case-1 and Case-5 respectively. The nominal HS-DPCCH to DPCCH ratio was set to 0dB and the DPCCH/DPDCH ratio was set to –4dB.  The HS-DPCCH/DPCCH power ratio was limited to 8dB in the simulation and the power control feedback bit error was set to 4%.  It may be noted that with this power control algorithm the DPCCH to HS-DPCCH ratio changes on a slot-by-slot basis.  Two methods for implementing the channel estimation and power control are implemented.  In method-1, the power control and channel estimation are solely based on the HS-DPCCH pilots.  The channel estimation for the first slot is performed based on the HS-pilot field of the third slot in the previous sub-frame.  In method-2, the channel estimation is based on the DPCCH pilots and the power control is based on HS-DPCCH pilots.  

Figure 1 and Figure 5 shows the performance of (15,5) CQI vs. total received Eb/No at the HS-DPCCH Node B and total transmit Eb/No at the UE at 3 km/h for 0dB, -3dB and –6dB imbalance using method-1 (denoted by dashed lines), method-2 (denoted by solid lines) and also shows the performance of (20,5) CQI coding scheme with conventional DPCCH based power control scheme.  It may be observed that the CQI performance with respect to total received Eb/No is within 1dB of the 1-way case for different value of imbalances with the proposed power control algorithm.  Further, without pilot bits in the HS-DPCCH, the transmit Eb/No requirement are much higher as the imbalance between the two cells increases to 6dB.  With 6dB, imbalance it may be noted that the total received Eb/No requirement is lower since the serving cell is 6dB weaker.  However, the HS-DPCCH power requirement with 6dB imbalance is 2dB higher than the DPCCH power compared to 0dB imbalance as is evident from Figure 9.  Figure 2 and Figure 6 shows the performance of 12.2 kbps DPDCH with the proposed power control algorithm under similar conditions but with 0dB imbalance.  The improvement in SHO due to selection diversity at Node-B is clearly visible from the figures.  Figure 3 and Figure 7 shows the Ack to Nack performance using both methods under conditions described above.  It may be observed that the performance under 1-way and 2-way handoff with 0dB imbalance is similar.  Further as, the imbalance increases the method-1 provides superior performance as compared to method-2.   The same kind of conclusions can be drawn from Figure 4 and Figure 8.  Also, the performance of CQI and Ack/Nack really degrades with the conventional DPCCH based power control scheme compared to the proposed algorithm while the performance of DPDCH remains the same with the modified algorithm.  Finally, Figure 9 shows the CDF of the HS-DPCCH to DPCCH power ratio under SHO with the modified power control algorithm for different imbalances.  It may be observed that the average HS-DPCCH/DPCCH ratio with 6dB imbalance at 3 km/hr is approximately 3dB.  Also, it may be noted that the ratio is less than 8dB approximately 98% of the time.  Figure 10 to Figure 17 compares the received Eb/No performance of the proposed scheme to that of conventional DPCCH based power control scheme with fixed HS-DPCCH/DPCCH ratio (0dB, 2dB, 4dB, 6dB) at 3 kmph with 0dB and 6dB imbalance respectively.  It may be observed from the figures that the proposed scheme outperforms the conventional scheme even if the HS-DPCCH to DPCCH ratio is set at a very high fixed value of 6dB. Figure 10 to Figure 13 also compares the performance of the proposed scheme when the HS-DPCCH to DPCCH ratio is limited to 6dB and 8dB respectively.  With 6dB limitation on the ratio the degradation in performance is between 0.2dB-0.7dB.  However, this can be improved by using channel estimation techniques based on both HS-DPCCH and DPCCH.   Figure 18 to Figure 21 compares the received Eb/No performance of the proposed scheme at 120 kmph to that of the conventional scheme (HS-DPCCH to DPCCH ratio set at 0dB).  It may be noted that the performance of the new scheme is marginally better than the conventional scheme at high values of vehicle speeds since power control is not effective at high speeds.
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Figure 1. Performance of (15,5) CQI versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 2. DPDCH Performance versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 3. Probability of Ack -> Nack versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 4. Probability of Nack -> Ack versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 5. Performance of (15,5) CQI versus total transmitted Eb/No at the UE under flat Rayleigh channel (3 km/h).
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Figure 6. DPDCH Performance versus total transmitted Eb/No at the UE under flat Rayleigh channel (3 km/h).
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Figure 7. Probability of Ack -> Nack versus total transmitted Eb/No at the UE under flat Rayleigh channel (3 km/h).
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Figure 8. Probability of Nack -> Ack versus total transmitted Eb/No at the UE under flat Rayleigh channel (3 km/h).
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Figure 9. CDF of the HS-DPCCH/DPCCH received power under flat Rayleigh channel (3 km/h).
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Figure 10. Performance of (15,5) CQI versus Rx Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).

[image: image11.png]DPDCH SFER

10

10

10

10

4

10

DPDCH Performance under Flat Rayleigh Channel (3 km/h) : 2-Way, 0 dB Imb

—f— 1-Way
—H- 2-Way
—&— 2-Way
G- 2-Way
— 2-Way
—— 2-Way
- 2-Way
- 2-Way

- Method 1
- Method 2
- Method 2, 6 dB ceiling
- Conventional, & = 0 dB
- Conventional, « =
- Conventional, & = 4 dB
- Conventional, & = 6 dB

dB

0

5
Total Rx Eb/No (dB) at HS-DSCH Setrving Node B

10




Figure 11. DPDCH Performance versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 12. Probability of Ack -> Nack versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 13. Probability of Nack -> Ack vs. total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 14. Performance of (15,5) CQI versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 15. DPDCH Performance versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 16. Probability of Ack -> Nack versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 17. Probability of Nack -> Ack versus total received Eb/No at the HS-DSCH serving Node B under flat Rayleigh channel (3 km/h).
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Figure 18. Performance of (15,5) CQI vs. total received Eb/No at the HS-DPCCH serving Node B under flat Rayleigh channel (120 km/h).
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Figure 19. DPDCH Performance versus total received Eb/No at the HS-DPCCH serving Node B under flat Rayleigh channel (120 km/h).
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Figure 20. Probability of Ack -> Nack vs. total received Eb/No at the HS-DPCCH serving Node B under flat Rayleigh channel (120 km/h).
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Figure 21. Probability of Nack -> Ack versus total received Eb/No at the HS-DPCCH serving Node B under flat Rayleigh channel (120 km/h).

4.0 Conclusions

It was shown that the HS-DPCCH (non soft-handoff link) and the corresponding DPCCH/DPDCH (soft-handoff link) can be independently power controlled using one power control bit stream transmitted at 1500 Hz, without compromising the Ack/Nack, CQI and the DPDCH performance/requirements under SHO and non-SHO conditions while maintaining the same nominal HS-DPCCH/DPCCH ratio (e.g. 0dB). The average HS-DPCCH/DPCCH ratio with 6dB imbalance at 3 km/hr is approximately 3dB.  As such, it is recommended to adopt the scheme for power controlling the HS-DPCCH and the associated DPCCH/DPDCH for Release-5. In summary the proposed scheme has the following advantages:

1. Comprehensive solution to both the Ack/Nack and CQI problem when the UE is in soft-handoff.

2. Fully backwards compatible to Release-99.

3. Both the soft-handoff and non soft-handoff link is power controlled at 1500 Hz using one power control bit stream.

4. HS-DPCCH/DPCCH ratio does not exceed a predefined set limit.

5. Minimal uplink interference due to inclusion of HS-DPCCH pilot field since the transmission of HS-DPCCH pilot is a function of HS-SCCH detection and the characteristics of the timer.

6. UL DPCCH/DPDCH transmit power does not increase, since soft-handoff link is still supported.
7. Works well with Full IR, Partial IR or Chase combining.

8. Minimum impact on UE if gain adjusted independently for DPCCH and HS-DPCCH. It may be noted that according to the current specification, HS-DPCCH/DPCCH ratio should be adjusted slot-by-slot to support different power settings for CQI and ACK/NACK. Therefore, the proposed scheme does not result in additional complexity in setting transmit power for HS-DPCCH and DPCCH. Also in cdma-20001x, the gain of the fundamental and supplemental channel is adjusted independently.
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APPENDIX-1: HS-DPCCH Power Control during Soft-Handoff

In this scheme, an efficient method for power-controlling both the SHO and non-SHO links using only one power control bit stream is implemented.  
This scheme uses the existing TPC bits on the DPCCH but these bits are redefined at the HS-DSCH serving cell, and the interpretation of these same power control bits at the UE, so that the HS-DPCCH channel can be independently power controlled without disturbing the power control operation of the DPDCH and the DPCCH.  In this scheme the 5 pilot bits are distributed between slots 2 and 3 as shown in Figure 22.
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Figure 22. Modified slot structure for HS-DPCCH

When the UE is in soft-handoff, the following set of rules are applied:

At the Node-B:

1. For Node-B other than the serving Node-B for the HS-DSCH, power control is based on the SIR of the uplink DPCCH pilot.  The power control command is “up” if the pilot SIR is below the target, and “down” otherwise.

2. For the serving Node-B for the HS-DSCH, power control is based on the SIR of the uplink HS-DPCCH pilot.  The power control command is “up” if the pilot SIR is below the target, and “down” otherwise. 

At the UE:

1. Power control for the HS-DPCCH is based solely on the power control bit received from the serving Node-B.

2. Power control for the DPCCH and the corresponding DPDCH 
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 is based on the “or-of-downs” rule, as before, but the power control command for the serving Node-B for the HS-DSCH must be redefined for the DPCCH and the corresponding DPDCH.  Let pc denote the power control command received from the HS-DSCH serving Node-B, and let  denote the gain of the HS-DPCCH to DPCCH in the absence of soft-handoff i.e. 
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3. Let pcf denote the power control command for the DPCCH from the HS-DSCH serving Node-B. The interpretation of pcf by the UE depends on the UE state.  Specifically, pcf is interpreted by the UE as follows:
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where, in this equation, the terms DPCCH and HS-DPCCH mean the power transmitted by the UE on the DPCCH and HS-DPCCH respectively.

This new pcf command is then combined with the power control commands from the other Node-B’s in the “or-of-downs” calculation used to determine whether the DPCCH and the corresponding DPDCH power should be increased or decreased. 

The flow chart for the algorithm from Node-B’s and UE’s side is shown in Figure 23 and Figure 24 respectively.
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Figure 23.  Flow chart for Case-5 from Node-B Side
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Figure 24. Flow chart for Case-5 from UE's side
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