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1.0 Introduction

In this contribution, additional results are presented for the power control scheme where the HS-DPCCH is independently power controlled without affecting the performance of the DPDCH [8].  In Section 2.0, the power control scheme presented in [8] is summarized. Section 3.0 presents the simulation results on the performance of Ack, CQI and DPDCH under soft-handoff with the above scheme.   Section 4.0 discusses the effect on Node-B architecture with the above scheme.  Finally, conclusions are drawn in Section 5.0 

2.0 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 1.
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Figure 1. 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 2 and Figure 3 respectively.
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Figure 2.  Flow chart for Case-5 from Node-B Side
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Figure 3. Flow chart for Case-5 from UE's side

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 DPCCH to HS-DPCCH ratio was set to 0dB and the DPCCH/DPDCH ratio was set to –4dB.  It may be noted that in SHO, channel estimation is performed per slot basis by using the inserted special pilot bits. The channel estimation for the first slot is performed based on the HS-pilot field of the third slot in the previous sub-frame.  Figure 4 shows the Ack requirement under flat fading channel at 3kmph under SHO when the HS-DPCCH (non-SHO link with pilot bits inserted) and DPCCH (SHO link) is independently power controlled using one power control bit stream at 1500Hz rate as per the algorithm described in the last section.  It may be observed from the figure that the Eb/No required to achieve P(Ack <1e-02) is approximately 9dB which is similar to the 1-way case [8].  This is achieved by maintaining the nominal HS-DPCCH/DPCCH ratio equal to 0dB for both 1-way and 2-way cases.
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Figure 4. HS- DPCCH ACK/NACK Eb/No requirements (2-Way SHO, 0dB Imbalance) at 3kmph 
Figure 5, shows the BLER performance of the CQI under the same conditions with the above algorithm.  The basis sequences for the (15,5) CQI coding scheme is shown in Table 1.  Again, there is no degradation in performance for the CQI with this power control algorithm.

Table 1. Basis sequenec for (15,5) CQI coding
	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
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Figure 5.  BLER Performance of (15,5) CQI at 3kmph under 2-way SHO

Finally, Figure 6 shows the performance of 12.2 kbps DPDCH under one-way and two-way SHO with the new algorithm. It may be observed that under 2-way SHO selection diversity was used to compute whether a frame was erased or not.  It may be observed from the figure that as expected, the performance under 2-way SHO with the new power control algorithm is better than the one-way case due to selection diversity.  In other words, the power control scheme with one power control bit stream behaves exactly the same way as in the case if separate power control commands were used for the SHO and non-SHO links.
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Figure 6.  Performance of 12.2 kbps DPDCH @ 3 kmph in case of 1-way and 2-way SHO with the new algorithm.
4.0 Effect on Node-B Architecture with the new power control algorithm

The impact of the proposed power control algorithm on the Node-B will depend very much on the architecture for the scheduler and HSDPA channel processing.  The worst case in terms of impacts is where one tries to separate the processing of HSDPA channels from the R99 channels.  In this scenario, there might be some implications with this power control approach, since now for the serving cell the power control bit sent on the R99 channel would be derived from the quality of the HS-DPCCH.  Possible solutions for this would be but not limited to:

a. change the functionality of the R99 processing element, to mask off the TPC bits, which would be instead inserted by the HSDPA processing element based on HS-DPCCH quality.

b. change the functionality of the R99 processing element, to derive the TPC bits from the HS-DPCCH quality.

c. change the functionality of the R99 processing element, such that the TPC bit is derived by the HSDPA cards and transferred to the R99 processing element for transmission. 

5.0 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).  As such, it is recommended to adopt the scheme for power controlling the HS-DPCCH and the associated DPCCH/DPDCH for Release-5.
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