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1. Introduction

In last WG1 #17 and #18 meeting, we discussed the TFCI power control in the DSCH hard split mode when UE is in soft handover region[1][2]. We briefly summarize the problem for transmitting the TFCI bits in the DSCH hard split mode. In the DSCH hard split mode, TFCI2 (TFCI for DSCH) is not transmitted from every cell in the active set when UE is in the soft handover. In this case, the TFCI may not be received reliably with reduced diversity gain and imperfect power control.

Since the error in the TFCI bits degrades the system performance significantly, it is reasonable to allocate more power to the TFCI2 bits to guarantee reliable reception. In current specification, the power offset for TFCI(PO1) is determined in the Radio Link Setup procedure and does not change. In this contribution, we propose that variable power offset for TFCI2 give reliable reception of TFCI and efficient power use.

2. The proposed TFCI power control methods

In current specification, the power offset is set regardless of whether UE is in soft handover or not. In this case, a larger power offset value is required to obtain the correct TFCI bits in soft handover. However, this large power offset value causes the undesirable power increase in non-soft handover mode and consequently increases the interference level.
The power offset for TFCI bits can be determined by the following methods.

	
	Non-handover region
	Handover region 

	
	
	Primary
	Non-primary

	Release 99 
	PO1
	PO1
	PO1

	Method 1
	PO1nh
	PO1h
	PO1h

	Method 2
	PO1nh
	PO1h-p
	PO1h-np


For method 1, the power offset is determined by whether UE is in soft handover or not. For method 2, the power offset is determined by whether UE is in soft handover or not and additionally the cell transmitting the TFCI2 is primary cell or not. The condition of primary or non-primary is determined SSDT signalling that activates uplink only in DSCH power control. Those offset values can be variable depending on the radio link configuration. That is to say, a different power offset is set by how many cells are communicating with UE and how many cells of connecting cells are transmitting the TFCI2 bits. 

Figure 1 shows the proposed power control of TFCI2 in the soft handover. The power offsets are signalled by RNC to Node B. One power offset is signalled in the method 1, and two power offsets are signalled when the active set configuration is changed. The criterion to determine the power offset is as follows:

· the number of cells in the active set

· the number of cells that transmit TFCI2
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Figure 1. Power control of TFCI in soft handover.

3. Simulation

From simulation, we show that variable power offset is good solution compared to fixed power offset. The simulation environments are as follows.

· Flat fading channel

· Mobile speed : 3km/h

· Perfect power control 

· Spreading factor : 256

· 2-way and 3-way handover : the number of radio links is 2 and 3

· Equal average received power for each radio link

· TFCI coding for DSCH: as in R’99

The word error rate (WER) performance is shown in figure 2 and 3 in case of 2-way and 3-way handover, respectively.

In figure 2, we assume two-way handover case and the TFCI2 is transmitted from only one cell. In figure 2, ‘Both’ represents that TFCI2 is transmitted from both cells, ‘Primary’ and ‘Non-primary’ represent that TFCI2 is transmitted from primary cell and non-primary cell only, respectively, and ‘Fixed’ represents that TFCI2 is transmitted from one fixed cell. 

In figure 3, 3-way handover case is shown. Figure 3 (a) and (b) is differentiated from what number of cells transmits TFCI2. In figure 3 (a), ‘All’ denotes that TFCI2 is transmitted from all the cells, ‘Primary included’ denotes that TFCI2 is transmitted from two cells including primary cell, ‘Non-primary’ denotes that TFCI2 is transmitted from two non-primary cells only, and ‘Fixed’ denotes that TFCI2 is transmitted from two cells. In figure 3 (b), ‘Primary’ means that TFCI2 is transmitted from only primary cell , ‘Non-primary’ means that TFCI2 is transmitted from one non-primary cell, and ‘Fixed’ means that TFCI2 is transmitted from one fixed cell.

We can interpret the performance between ‘Both’ (‘All’) and the others as power offset to achieve the performance of TFCI2 transmitted from all the cells. As we can see in figure 2 and 3, the needed power offset varies according to the radio link condition and the number of cells. For reliable reception of TFCI2 from non-primary cell only, about 19 dB power offset is required in 3-way handover case. However, TFCI2 from more than one cell requires reduced power offset. From this result, when power offset for TFCI2 is set adaptively to the radio link condition, reliable and power efficient transmission of TFCI2 can be guaranteed.
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Figure 2. WER in the 2-way handover case.
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Figure 3. WER in the 3-way handover case. (a) Two cell transmit TFCI2 and (b) one cell transmits TFCI2.

The results are summarised in the table 1. The required power offset to obtain 1% of WER when all the cells are transmitting TFCI2 is included in the table 1. As shown in table 1, a large power offset for TFCI2 is required when UE is in soft handover. In current specification, this large power offset is required even in non-soft handover mode because the power offset can’t be changed. 

Table 1. Required power offset.

	Handover case
	Method 1

PO1
	Method 2

	
	
	PO1h-p
	PO1h-np

	2-way
	16.5 dB
	1.6 dB
	16.5 dB

	3-way(1 cell)
	18.5 dB
	1.5 dB
	18.5 dB

	3-way(2 cell)
	7 .2 dB
	1.7 dB
	7. 2 dB


We guess how much interference level increases due to large fixed power offset. If a number of UEs want to use DSCH, large power is allocated to TFCI2 bits in their associated DPCHs even though UE is not in the soft handover. This results in power increase in the whole slot because of the downlink DPCH timing relationship, which multiple of 256 chips is apart among downlink DPCHs. From table 1, we can see that interference level increases significantly.

4. Complexity

The complexity increase due to the proposed method is negligible. There is no hardware complexity increase. The power offset value can be changed by the higher layer signalling. One or two power offsets need to be signalled and are changed according to the radio link condition in the proposed methods.

5. Conclusion
In this contribution, we introduced the variable power offset for TFCI, and showed the gain of variable TFCI power offset according to the radio link configuration and the condition of the radio link. We propose two methods to determine the power offset. One is that the power offset is determined by whether the UE is in handover or not. The other is that the power offset is determined by whether the cell transmitting the TFCI2 is primary or not in the soft handover. The power offset for each case should be signalled from RNC to Node B.

Since the power offset is not changed, it should be set up as a high value. This results in increasing interference level. Allocating variable power offset to TFCI field obtains reliable reception of TFCI without unnecessary power increase. 

If this proposal is agreed, we will present the prepared text proposal for TR 25.870. In addition, we will also ask the WG3 on higher layer signalling for this proposal.
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