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1
Introduction

After RAN#67, a new WI was agreed [1] that aims at adding a new scenario – four cells on three frequencies – for the Multiflow HSDPA feature. After the RAN2#89bis and RAN2#90 meeting a number of agreements were made regarding Multiflow 3F-4C capabilities and its combination with other features. 

In this discussion paper we present several remaining aspects, such as mapping of secondary serving HS-DSCH cells into the HS-DPCCH format, CQI and HARQ/ACK repetitions, and details on the dual-band capability signalling.

2
Multiflow 3F-4C 
2.1
General overview

As per Rel-11, Multiflow supports a number of configurations – SF-DC, DF-3C and DF-4C – that are  presented in the Figure 1 below. 
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Figure 1: Existing Multiflow configurations defined in Rel-11.

After RAN2#89bis meeting, a new Multiflow configuration 3F-4C was agreed as presented in Figure 2. It is similar to DF-4C, as it also has four HS-DSCH cells, but there are three cells at one Node B. 
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Figure 2: New Multiflow 3F-4C configurations.

2.2
Mapping of secondary cells into the HS-DPCCH format

When 4C-HSDPA and 8C-HSDPA were introduced back in Rel-10 and Rel-11, it was agreed that mapping of the secondary serving HS-DSCH cells into CQIs of the HS-DPCCH format is based on the order of the corresponding IEs in the RRC re-configuration message. The only exception is CQI0, which is always associated with the serving HS-DSCH cell, but CQI1, CQI2 and so on are mapped to the secondary cells in the order of their appearance in the RRC message.

In case of Rel-11 Multiflow, a different principle was adopted with fixed mapping between HS-DSCH cells and the CQI transmissions. Referring to DF-4C as an example, CQI0 and CQI1 are always mapped to the serving and the secondary serving HS-DSCH cell, while CQI2 and CQI3 are always mapped to the assisting serving and assisting secondary serving HS-DSCH cells. It should be also noted that order of the corresponding IEs in the RRC message does not matter. 

For Rel-13 Multiflow 3F-4C configuration, RAN1 has already made a working assumption concerning the HS-DPCCH format, which is logically based on DF-4C format. Similarly to DF-4C and other configurations, CQI0 is always mapped to the serving HS-DSCH cell and CQI3 is always mapped to the assisting serving HS-DSCH cell; in turn, CQI1 and CQI2 are allocated to the secondary cells. It should be noted that there is no ambiguity how to map serving and assisting serving cells into CQIs, but mapping of two additional secondary cells need more clarifications to know which secondary HS-DSCH cell corresponds to CQI1 and CQI2. One of the simplest ways is to follow the same principle as for MC-HSDPA i.e. mapping of the secondary cells into the CQIs will be based on their relative order in the reconfiguration message.
	MF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	CG2
	Slot 0
	Slot 1
	Slot 2
	Slot 0
	Slot 1
	Slot 2

	
	Cell0
	Cell1
	Cell2
	Cell3
	
	
	
	
	
	

	19
	A
	A
	A
	A
	A0&A1
	A2&A3
	CQI0
	CQI1
	A0&A1
	A2&A3
	CQI2
	CQI3

	20
	A
	-
	A
	A
	A0&D
	A2&A3
	CQI0
	CQI0
	A0&D
	A2&A3
	CQI2
	CQI3

	21
	A
	A
	-
	A
	A0&A1
	D&A3
	CQI0
	CQI1
	A0&A1
	D&A3
	DTX
	CQI3

	22
	A
	-
	-
	A
	A0&D
	D&A3
	CQI0
	CQI0
	A0&D
	D&A3
	DTX
	CQI3


Proposal 1: Use the relative order of secondary serving HS-DSCH cells to determine their mapping to CQIs.
As an example, in the following re-configuration message the secondary HS-DSCH cells on F2 and F3 will be mapped to CQI1 and CQI2, respectively.

Serving HS-DSCH cell: F1


Downlink secondary cell info FDD IE, 1st secondary serving HS-DSCH cell: F2


Downlink secondary cell info FDD IE, 2nd secondary serving HS-DSCH cell: F3


Downlink secondary cell info FDD IE, Assisting serving HS-DSCH cell: F1

In the following example,  the secondary HS-DSCH cells on F3 and F2 will be mapped to CQI1 and CQI2 because of their relative order. At the same time, assisting serving HS-DSCH cell is still mapped to CQI3 even though it appears as the first entry on the list of secondary HS-DSCH cells.

Serving HS-DSCH cell: F1


Downlink secondary cell info FDD, Assisting serving HS-DSCH cell: F1


Downlink secondary cell info FDD, 1st secondary HS-DSCH cell: F3


Downlink secondary cell info FDD, 2nd secondary HS-DSCH cell: F2

2.3
CQI and HARQ A/N repetition

As discussed and decided during RAN1#81 meeting [2], the 3F-4C HS-DPCCH format imposes the following restrictions with regards to repetitions in the inter-Node B case:

· Independent CQI repetition is feasible i.e. different CQI repetition factors can be applied to the serving and assisting cells.

· Independent HARQ A/N repetition is not feasible i.e. it is not possible to have HARQ A/N repetition with inter-Node B Multiflow

Rules and restrictions for CQI and HARQ A/N repetitions for the Rel-11 Multiflow configurations are captured in TS 25.331, in sub-clauses 8.6.6.34 and 8.6.6.11 respectively. Concerning the Rel-13 3F-4C configuration, it should be noted that current procedural text in the aforementioned sub-clauses already cover 3F-4C restrictions and no further changes are needed.
Observation 1: Current procedural text in TS 25.331 already covers restrictions for CQI and HARQ A/N and no further changes are needed.
2.4
Dual-band capability signalling for 3F-4C

In case of 3F-4C, there are three frequencies thus making dual-band operation more versatile with this Multiflow configuration. As indicated in Figure 3 below, one can consider dual-band 3F-4C operation with three cells in Band A and one cell in Band B, or with two cells in Band A and two cells in Band B. As agreed during RAN2#89bis, both options are feasible; furthermore, it was agreed during RAN2#90 that a UE supporting dual-band with 3F-4C will automatically support these combinations.  
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Figure 3: 3F-4C dual-band configurations with two frequencies in the band A or in band B.
However, each of the scenarios presented in Figure 3 has two sub-options when two frequencies are either in Band A or in Band B. For the sake of clarity, Figure 4 below presents all the possible combinations.
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(a): Two cells on one frequency in band A (left) or two cells on one frequency in band B (right);
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(b): Three cells on two frequencies in band A (left) or three cells on two frequencies in band B (right);

Figure 4: All possible 3F-4C dual-band combinations.
For the Rel-11 dual-band DF-3C it was agreed that if a UE signals that it supports 2+1 combination in bands A&B, then it also means that a UE supports 1+2 for the same band combination A&B. Thus, the same principle can be adopted also to the 3F-4C dual-band combinations.
Proposal 2a: If a UE supports dual-band 3F-4C with two cells on two frequencies in band A and two cells on one frequency in band B, then a UE also supports a combination with two cells on one frequency in band A and two cells on two frequencies in band B (see Figure 4a).

Proposal 2b: If a UE supports dual-band 3F-4C with three cells on two frequencies in band A and one cell on one frequency in band B, then a UE also supports a combination with one cell on one frequency in band A and three cells on two frequencies in band B (see Figure 4b).
Referring to the Multiflow dual-band capability signalling, a UE indicates number of cells and number of frequencies for each band for a particular band combination. The table below makes a small summary of what a UE signals to indicate support for dual-band DF-3C and dual-band DF-4C (as mentioned earlier, even though dual-band DF-3C capable UE signals 2+1 for the band combination A&B, it also means 1+2 for the same band combination). Following the same principle, it is suggested that a dual-band 3F-4C capable UE sets IE values as indicated in the table below, which will mean that the UE supports combinations mentioned in proposals 2a and 2b. 

	Configuration 
	Number of cells

in band A
	Number of frequencies 

in band A
	Number of cells

in band B
	Number of frequencies

in band B

	DF-3C
	2
	1
	1
	1

	DF-4C
	2
	1
	2
	1

	3F-4C
	3
	2
	1
	1


3
Conclusion

In this discussion paper we have outlined remaining aspects for the Multiflow 3F-4C configuration. In particular, we have proposed to map secondary serving HS-DSCH cells to CQIs based on order of their appearance in the reconfiguration message, and have pointed out that current procedural text in TS 25.331 already covers all rules and restrictions for the CQI and HARQ A/N repetitions. Finally, we have suggested that if a UE indicates support for dual-band 3F-4C, then it translates into four possible configurations of cells for band combination A&B and B&A. 
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