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1. Introduction

In RAN#67, a WID of Multiflow Enhancements for UTRA was agreed [1]. It was proposed to introduce a new Multiflow scenario, four cells on three frequencies (3F-4C). In this contribution, considerations on HS-DPCCH feedback design of Multiflow Enhancements are provided.
2. HS-DPCCH feedback
In Multiflow in Rel-11, SF-DC (two cells on one frequency), DF-3C (three cells on two frequencies) and DF-4C (four cells on two frequencies) were defined. Some operators have up to three frequencies, and a new Multiflow scenario with 4 cells on three frequencies (3F-4C) can be deployed. A typical 3F-4C deployment is illustrated in Figure 1. In this illustration, Cell 1 and cell 4 can be in the same NodeB or in different NodeBs, and they use the same frequency (primary frequency). Cell 2 and cell 3 use other frequencies however they are under the same sector as cell 1. Cell 1, cell 2 and cell 3 are in one NodeB.
There would be various configurations for the cells in Figure 1. However, those variations would not bring any impacts to our analysis. For the ease of discussion, we assume one configuration that cell 1 is the serving HS-DSCH cell, cell 2 is the 1st secondary serving HS-DSCH cell, cell 3 is the 2nd secondary serving HS-DSCH cell and cell 4 is the assisting serving HS-DSCH cell. It is noted that the discussions would also apply to other configurations.
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Figure 1: a new Multiflow scenario (3F-4C)
The major discussion the 3F-4C scenario in RAN1 is the design of HS-DPCCH feedback, which would impact TS25.212 and TS25.214. According to the past discussions in Multiflow, the following aspects would be considered:

· HS-DPCCH format including cell grouping

· (De-)activation of secondary cells

· HARQ-ACK and CQI repetition configuration in non-MIMO case; HARQ-ACK and CQI/PCI repetition configuration in MIMO case

There can be two schemes for HS-DPCCH feedback:
· Scheme 1: Joint HS-DPCCH feedback
ACK/NACK and CQI information for each cell are transmitted jointly per TTI, which means there is only one HS-DPCCH for the UE. 
· Scheme 2: Separate HS-DPCCH feedback
ACK/NACK and CQI information for each cell are transmitted separately, which means there are two HS-DPCCH for the UE. 

The above two schemes have been analyzed in [4]. For separate HS-DPCCH feedback scheme, more uplink power consumption (leads to more multi-user interference) and higher CM value are unavoidable due to the additional HS-DPCCHs. However, it is more flexible in HS-DPCCH power configuration in case of uplink power imbalance. The separate HS-DPCCHs can be configured with appropriate power independently so that the quality of the HS-DPCCH received at the corresponding NodeB is guaranteed.
Both schemes will have a few impacts on L2/L3 signalling, including the definition of enhanced Multiflow, enhanced Multiflow capability supporting and HS-DPCCH feedback related configuration.
2.1 Joint HS-DPCCH Feedback

2.1.1 Cell Grouping
For joint HS-DPCCH feedback, the HS-DPCCH feedback is similar to DF-4C in Rel-11 Multiflow including the time compression for HS-DPCCH timing. The only difference is how to group the cells. In DF-4C, the cells of the same sector are grouped into a cell group. The HARQ-ACK of the cells in the same cell group will have joint feedback. 

However in 3F-4C, there will be 3 cells in a sector and one cell in the other sector. Thus, the cells with the primary frequency (cell 1 and cell 4 in Figure 2) can be grouped into a cell group and the cells with the 1st secondary and 2nd secondary frequency (cell 2 and cell 3 in Figure 2) is grouped into the other cell group. We only give an example in MIMO case as follows and ‘PCI/CQI’ is replaced with ‘CQI’ in non-MIMO case:
Table 1 Physical Channel mapping for HS-DPCCH HARQ-ACK and PCI/CQI (eMF case 1)
	eMF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	Cell group 2
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	
	Cell1
	Cell4
	Cell2
	Cell3
	
	
	
	
	
	

	1
	A
	A
	A
	A
	A1&A4
	A2&A3
	PCI/CQI1
	PCI/CQI4
	A1&A4
	A2&A3
	PCI/CQI2
	PCI/CQI3
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Figure 2: Joint HS-DPCCH feedback
Another way is that cell 1 and cell 2 (see Figure 3) are grouped into a cell group and cell 3 and cell 4 is grouped into the other cell group, seen as follows:
Table 2 Physical Channel mapping for HS-DPCCH HARQ-ACK and PCI/CQI (eMF case 1a)

	eMF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	Cell group 2
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	
	Cell1
	Cell2
	Cell4
	Cell3
	
	
	
	
	
	

	1a
	A
	A
	A
	A
	A1&A2
	A4&A3
	PCI/CQI1
	PCI/CQI2
	A1&A2
	A4&A3
	PCI/CQI4
	PCI/CQI3
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Figure 3: Joint HS-DPCCH feedback
2.1.2 (De-)activation
As defined in Rel-11 Multiflow, only the cells with the secondary frequencies can be (de-)activated by HS-SCCH orders and the (de-)activation is independent with each cell group/sector (The details are specified in TS 25.212 and TS 25.214).
For eMF case 1 in the section 2.1.1 (Figure 2), the cell 2 cannot be de-activated if the (de-)activation per cell group rule is reused. It is because that any cell cannot be re-activated when both the cell 2 and cell 3 are de-activated then UE will not monitor any cell in this cell group. In this case, the (de-)activation per sector rule can be reused. It means that the cell 2 or cell 3 can be de-activated by the HS-SCCH order sent from cell 1 or activated cell 2 or activated cell 3.
Table 3 Physical Channel mapping for HS-DPCCH HARQ-ACK and PCI/CQI (eMF case 2~4)
	eMF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	Cell group 2
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	
	Cell1
	Cell4
	Cell2
	Cell3
	
	
	
	
	
	

	2
	A
	A
	A
	-
	A1&A4
	A2&D
	PCI/CQI1
	PCI/CQI4
	A1&A4
	A2&D
	PCI/CQI2
	PCI/CQI2

	3
	A
	A
	-
	A
	A1&A4
	D&A3
	PCI/CQI1
	PCI/CQI4
	A1&A4
	D&A3
	PCI/CQI3
	PCI/CQI3

	4
	A
	A
	-
	-
	A1&A4
	DTXed
	PCI/CQI1
	PCI/CQI4
	A1&A4
	DTXed
	DTXed
	DTXed


For eMF case 1a in the section 2.1.1 (Figure 3), the cell 3 cannot be de-activated. It is because that the cell 4 cannot be aware of the (de-)activation status of the cell 3 in case of inter-NodeB.
Table 4 Physical Channel mapping for HS-DPCCH HARQ-ACK and PCI/CQI (eMF case 2a)
	eMF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	Cell group 2
	Slot 1
	Slot 2
	Slot 3
	Slot 1
	Slot 2
	Slot 3

	
	Cell1
	Cell2
	Cell4
	Cell3
	
	
	
	
	
	

	2a
	A
	-
	A
	A
	A1&D
	A4&A3
	PCI/CQI1
	PCI/CQI1
	A1&D
	A4&A3
	PCI/CQI4
	PCI/CQI3


2.1.3 HARQ-ACK and CQI/PCI Repetition
In Rel-11 Multiflow, one issue on HARQ-ACK or CQI/PCI repetition configuration was proposed in [2]. There will be wrong decoding based on the combined signals if the HARQ-ACKs participating in joint encoding are changed in these TTIs for combination. This is because the repetition parameters may be different and scheduling can be not aligned in the paired cells in inter-NodeB case. As a result, a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group in Rel-11 Multiflow DF-4C since the cells in each cell group are served by one NodeB. The details are specified in TS 25.214 and [3] as follows:

a) In the case of SF-DC non-MIMO configuration, HARQ-ACK is not repeated. A single CQI repetition factor is configured for both cells.

b) In the case of SF-DC with MIMO configured and DF-3C without any MIMO configuration, HARQ-ACK is not repeated. A CQI repetition factor is configured for each cell group.

c) In the case of DF-3C with MIMO configured and DF-4C configuration, a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group. 

For eMF case 1 in the section 2.1.1 (Figure 2), the cells in the cell group 1 may belong to different NodeBs. The wrong combing issue may happen in these cells in the joint HARQ-ACK feedback so that no repetition is used, while the CQI/PCI feedback is separate so that different CQI repetition factors can be configured for the two cells if needed in inter-NodeB case. As for the cell group 2, the rules, i.e. a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group, can be reused.
For eMF case 1a in the section 2.1.1 (Figure 3), the rules, i.e. a HARQ-ACK repetition factor and a CQI repetition factor is configured for each cell group, can be reused in cell group 1. Based on the same reason as eMF case 1, no repetition is used in cell group 2 and different CQI repetition factors can be configured for the two cells if needed in inter-NodeB case.
In summary, the suggested rules for repetition on HARQ-ACK and CQI are:

· eMF case 1

a) For cell group 1 (two cells using primary frequency), HARQ-ACK is not repeated and different CQI repetition factors can be configured for the two cells.
b) For cell group 2 (two cells using secondary frequencies), a HARQ-ACK repetition factor and a CQI repetition factor is configured.
· eMF case 1a

a) For cell group 1 (one cell using primary frequency and the other cell under the same sector using 1st secondary frequency), a HARQ-ACK repetition factor and a CQI repetition factor is configured.
b) For cell group 2 (one cell using primary frequency and the other cell under the different sector using 2st secondary frequency), HARQ-ACK is not repeated and different CQI repetition factors can be configured for the two cells.
2.2 Separate HS-DPCCH Feedback

For separate HS-DPCCH feedback, one HS-DPCCH is configured to one sector. It means that one HS-DPCCH will be configured to cell 1, cell 2 and cell 3 reusing 3C-HSDPA/MIMO HS-DPCCH structure and one HS-DPCCH will be configured to cell 4 reusing SC-HSDPA/MIMO HS-DPCCH structure (see Figure 4).
The (de-)activation rules and HARQ-ACK and CQI/PCI repetition configuration rules are same as 3C-HSDPA/MIMO or SC-HSDPA/MIMO.
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Figure 4: Separate HS-DPCCH feedback
3. Conclusion
In this contribution, HS-DPCCH feedback design of Multiflow Enhancements is provided. The two schemes, joint   HS-DPCCH feedback and separate HS-DPCCH feedback, are analyzed. The former scheme almost follows Rel-11 Multiflow structure including HS-DPCCH format, cell grouping, (de-)activation of secondary cells and HARQ-ACK and CQI/PCI repetition configuration. The latter scheme almost reuses MC-HSDPA/MIMO structure. Any scheme reuses as much as possible existing L1 functionality (specified by RAN WG1) by adopting existing principles and channel formats, and both schemes have a few impact on L2/L3 signalling yet.
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