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1. Introduction

The work item “Enhancement on the DSCH hard split mode” has been studied in the leading WG (TSG RAN WG1) and the work task to improve the power control of the TFCI is included in the work item[2]. At WG1 #21 meeting, the TFCI power control in the DSCH hard split mode was discussed[1] fully, and it was agreed that the text proposal will be included in the TR 25.870[2]. 

2. Discussion
The problem for transmitting the TFCI bits in the DSCH hard split mode can be summarised as follows. In 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 variable power to the TFCI 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. Therefore the efficient power allocation and reliable reception of TFCI cannot be guaranteed in various radio link conditions. In Release 99 and Rel 4, PO1 may be set to a large value for TFCI to reach at cell boundary, which gives rise to unnecessary power consumption and additional interference. In addition, it is also possible to set PO1 to a small value in order to reduce interference to other UEs in non-soft handover, which causes unreliable reception of TFCI in soft handover region. On the other hand, TFCI for DSCH (TFCI2) may not be transmitted from every cell in the active set when UE is in soft handover. Since the number of cells transmitting TFCI2 and the number of cells connected to UE can be changed, it will be more efficient to change TFCI power offset adaptively according to the radio link conditions. 

To solve this problem, different power offsets for TFCI were proposed in [1]. TFCI power offset is adjusted by whether UE is performing SHO of associated DCH or not (Method 1), and it is also determined whether the cell transmitting DSCH is a primary cell or non-primary cell during the SHO of associated DCH (Method 2). Therefore, two new TFCI power offsets such as TFCI Power Offset during Soft Handover of associated DCH (TFCI PO) and TFCI Power Offset for the cell sending the DSCH when cell is decided to be primary during soft handover (TFCI PO_primary) are introduced. These new power offset parameters are applied to only cells transmitting TFCI2.
2.1 TFCI power control in Release 99 and Rel 4 

In the current specification, the power offset is set regardless of whether UE is in soft handover or not. The power offset for TFCI, PO1, is determined at radio link setup procedure [4] and does not change. In this case, a larger power offset value is required to obtain the correct TFCI bits in soft handover. However, since the power offset is not changed, large power offset is applied to UE even in non-soft handover. This large power offset causes the undesirable power increase in non-soft handover mode and consequently increases the interference level.

2.2 Proposed TFCI power control for Rel 5

The proposed TFCI power control adjusts the power offset for TFCI according to radio link configuration and the channel condition. Since there is only one offset (PO1) for TFCI in Release 99/Rel4 [5], the proposed power offset for TFCI should be applied to the DPCCHs which send both TFCI1 and TFCI2 in the DSCH hard split mode and result in different value of TFCI power offset depending on radio link configuration and the channel condition. The power offset value for TFCI can be determined by setting the power offset parameters in two methods of table 1.
Table 1. Power offset parameters for TFCI in the DSCH hard split mode

	
	Non-Handover region
	Handover region 

	
	
	Cell sending the DSCH
	Cell(s) not sending the DSCH

	
	
	Primary
	Non-primary
	

	Release 99/Rel 4 
	PO1

	Method 1 (Rel 5)
	PO1
	TFCI PO

	Method 2 (Rel 5)
	PO1
	TFCI PO_primary
	TFCI PO
	TFCI PO


PO1 represents power offset for TFCI in Release 99. As well, this can indicate power offset for TFCI in non-soft handover in Rel 5. TFCI PO defines power offset for TFCI in soft handover in Method 1. In Method 2, this power offset is used for TFCI from cell(s) not sending the DSCH in handover region or the cell sending the DSCH when the cell is non-primary. TFCI PO_primary represents power offset for TFCI in the cell sending the DSCH when cell is decided to be primary in handover region. Note that these new power offset values are applied to only cells transmitting TFCI2. Power offset values for cells transmitting TFCI1 only are set by procedure defined in Release 99 or Rel 4.

For Method 1, the power offset is determined by whether UE is in soft handover or not. If the UE moves from non-handover to handover region, the power offset for TFCI is changed to TFCI PO by high layer signalling. For Method 2, it is the same case with the Method 1 in the point that the power offset is determined by whether UE is in soft handover or not. Additionally, the power offset is determined by whether the cell transmitting the DSCH is primary cell or not. The condition of primary or non-primary is determined using SSDT signalling that is activated in uplink only for DSCH power control. Note that the SSDT uplink only signalling for DSCH power control is activated in the Method 2 in a similar way to enhanced DSCH power control in Rel 4 [3]. When the cell that transmits DSCH is primary, the power offset for TFCI field (TFCI PO_primary) is set on appropriate value for primary cell. Otherwise, the cell that transmits DSCH uses the power offset TFCI PO. The power offset TFCI PO is assigned to the other cells transmitting TFCI2.

Figure 1 and Figure 2 show the example cases of the proposed TFCI power control in Method 1 and Method 2 respectively. One or two power offset(s) is signalled by RNC to Node B when the radio link configuration is changed. 
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Figure 1. TFCI Power control Method 1 in soft handover.
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Figure 2. TFCI Power control Method 2 in soft handover.
3. Recommendation
To support TFCI power control in the DSCH hard split mode, One or two power offset parameter(s) (TFCI PO for Method 1, TFCI PO and TFCI PO_primary for Method 2, respectively) would be added in the Iub/Iur DCH Frame Protocol specification [7].  The parameters for the primary/secondary status determination from SSDT commands in the uplink FBI (Feedback Information) field would be shared with DSCH Power Control Improvement [3]. When the improved DSCH PC is activated, the TFCI power control method 2 is also activated.
4. Remark
In the companion documents [8][9][10], the aspect of Iub/Iur interface of the WI is discussed and the necessary change is described for supporting TFCI power control in the DSCH hard split mode. 
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