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1 Introduction

In RAN#53, a new work item “HSDPA multiflow data transmission” was approved [1]. 
At RAN1 aspects, the main impact is Uplink control channel structure and timing design. Although it had been well discussed in the past several RAN1 meeting, it didn’t reach a final agreement. In RAN1#67 and RAN1#68, the following agreements and working assumptions were approved:
Agreements:

· The HS-DPCCH design for HSDPA Multiflow does not reduce the Node B processing time from HARQ-ACK to HS-SCCH for neither the assisting cell nor the cell being assisted, for both MIMO and non-MIMO cases.
· Single HS-DPCCH will be used for multiflow.
· Multiflow cases 1-4 are supported for both single-stream and dual-stream MIMO 

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support single-stream MIMO with Multiflow

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support dual-stream MIMO with Multiflow

· No change in soft buffer per HARQ process

In addition to the above agreements, companies are invited to consider whether a similar capability bit should be introduced for non-MIMO operation. In this contribution, we provide further analysis of single HS-DPCCH solution for MF-HSDPA as well as some proposals.
2 Analysis of HS-PDSCH sub-frame pairing for MF-HSDPA
Single HS-DPCCH was agreed to be used for MF-HSDPA. But HS-PDSCH sub-frame pairing solution didn’t reach agreement. In past RAN1 meetings, several solutions were described in doc [2], [3], [4], [5], [6]. These solutions can be sorted in two types: 
· Maximum overlap sub-frame pairing [2] [6], where the HS-DPCCH timing would be based on the latest subframe and the maximum offset between the paired subframes is up to 1.5 slots, and 
· Maximum offset sub-frame pairing [3] [4] [5] [6], where the maximum offset between the paired subframes is 3 slots.
2.1 Maximum overlap sub-frame pairing
The solution described in [2] [6] needs the maximum sub-frame offset of the pairing sub-frame equal to 1.5 slots. And the timing for transmission of HS-DPCCH would be based on the latest sub-frame. 
The disadvantages of this solution are:

The m value which indicates the timing offset between the beginning of UL DPCH and the HS-DPCCH (i.e m*256 chips as defined in TS25.211) would be changed if the HS-PDSCH received from the primary serving cell is behind than that of secondary serving cell [6]. The m value would suddenly change 15 when the sub-frame pairing updated due to the timing offset between primary and secondary serving cells drifted as illustrated in Figure 1. The m value needs to be updated based on the timing offset between primary and secondary serving cells, and the updated m value needs to be informed to the NodeB by RRC/NBAP signalling. It would consume large numbers of RRC/NBAP signalling and also increase the complexity for NodeB to receive and decode HS-DPCCH.
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Figure 1: m value changed by 15 

Observation 1: It needs large numbers of RRC/NBAP signalling for adjusting m value as well as causing more complicate for NodeB to receive and decode HS-DPCCH in order to keep the sub-frame offset of the paired sub-frame less than 1.5 slots.

Observation2: The m value would suddenly change 15 when the sub-frame pairing updated due to the timing offset between primary and secondary serving cells drifted.
Observation3: In course of the m value adjustment, the HS-DPCCH decoding will be error both in the primary and the secondary serving cells.

Observation4: UE needs to dynamically identify the earliest HS-PDSCH sub-frame as well as adjusting the m value frequently which will cause more complicate for UE implementation.

Besides, the maximum sub-frame offset is 1.5 slots only aims at two sectors MF-HSDPA configuration in inter-NodeB scenario. Actually, the maximum sub-frame offset among the paired sub-frames is up to 
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 slots, where n is the number of sectors in MF-HSDPA configuration. The maximum sub-frame offset would be increased when n is increased. That is to say, for three or more than three sectors MF-HSDPA configurations in intra-NodeB or inter-NodeB scenario, the maximum sub-frame offset would be more than 1.5 slots. For example, for three sectors MF-HSDPA configuration, the maximum sub-frame offset would be 2 slots which shown in Figure 2. At the same time the maximum sub-frame offset would be 2.25 slots for four sectors MF-HSDPA configuration (see Figure 3). 
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Figure 2: Maximum sub-frame offset for three sectors MF-HSDPA configuration 
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Figure 3: Maximum sub-frame offset for four sectors MF-HSDPA configuration

At present, whether MF-HSDPA would be configured more than two sectors have not confirmed. If these configurations are not excluded from MF-HSDPA system, the UE has to absorb 2 slots or more than 2 slots timing reducing. It would be more aggressive or even unrealistic for UE implementation.
Observation 5: The Max pairing sub-frame overlap equal 1.5 slots solution is not future proofed. It would be more aggressive or even unrealistic for UE implementation when more-than-two-sector MF-HSDPA configuration is included.
2.2 Maximum offset sub-frame pairing
The solutions include at least three methods which described in doc [3] [4] [5] [6]. The method provided in [3] [6] needs the UE suffer as much as 3 slot processing budget compression for secondary serving cell. It would be very aggressive or even unrealistic for UE implementation. So we think it should not be a candidate method. 
Another method provided in [4] is based on latest HS-PDSCH sub-frame timeline for pairing which without timing budget compression both in UE and NodeB. The disadvantage of this method is the same as solution of max pairing sub-frame overlap equal 1.5 in observation 1 to 4.

The other method provided in [5] is based on primary serving cell HS-PDSCH sub-frame timeline for pairing which without timing budget compression both in UE and NodeB. The solution without the disadvantage of observation 1 to 5 listed in sections 2.1. And the advantage of this solution is:
· The timing structure is not impacted on either UE or Node B for any operation related to the primary cell.
· Value of m would not change no matter what the timing offset between primary serving cell and secondary serving cells drifted.

· At least the HS-DPCCH decoding in primary serving cell would not be impacted during the sub-frame pairing updated.
· A large numbers of RRC/NBAP signalling was saved.
· It is easy for UE and NodeB implementation.

2.3 Summary
	
	Maximum overlap sub-frame pairing
	Maximum offset sub-frame pairing (Latest sub-frame based)
	Maximum offset sub-frame pairing (Primary cell based)

	Maximum UE processing budge reduction
	3(n-1)/n, where n is the numbers of sectors for MF
	none
	none

	m value adjustment
	Needs to adjust dynamically according to the sub-frame timing offset between primary and secondary serving cells. And would suddenly change 15 when the sub-frame pairing updated due to the timing offset between primary and secondary serving cells drifted.
	Needs to adjust dynamically according to the timing offset between primary and secondary serving cells. And would suddenly change 30 when the sub-frame pairing updated due to the timing offset between primary and secondary serving cells drifted.
	Fixed with respect to initial configuration.

	Content of RRC/NBAP message
	Large number of RRC/NBAP signalling for m value adjustment.
	Large number of RRC/NBAP signalling for m value adjustment.
	Only in sub-frame pairing update.

	HS-DPCCH decoding impact
	HS-DPCCH decoding error both in primary and secondary serving cells in course of m value adjustment.
	HS-DPCCH decoding error both in primary and secondary serving cells in course of m value adjustment.
	No impact on primary serving cell. Perhaps impact on secondary serving cells in course of sub-frame pairing update.

	Complexity of Implementation for UE and NodeB
	Very large
	Medium
	little


3 Proposal for HS-PDSCH sub-frame pairing for MF-HSDPA
As discussed before, there many disadvantage for max sub-frame overlap equal 1.5 slots and latest sub-frame based solutions. We propose:

Proposal 1: Agree to use maximum offset sub-frame pairing with primary cell sub-frame timeline based solution for MF-HSDPA sub-frame pairing.

Proposal 2: We should firstly confirm which scenarios are considered in MF-HSDPA if the maximum overlap sub-frame pairing solution for MF-HSDPA sub-frame pairing is accepted.

Proposal 3: Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in non-MIMO MF-HSDPA.

4 Conclusions
In this contribution, we have discussed the HS-PDSCH sub-frame pairing solutions for MF-HSDPA. From our analysis, we thought that max sub-frame overlap equal 3 slots with primary cell sub-frame timeline based solution has much advantage compare to other solutions.
We propose the following,

Proposal 1: Agree to use maximum offset sub-frame pairing with primary cell sub-frame timeline based solution for MF-HSDPA sub-frame pairing.

Proposal 2: We should firstly confirm which scenarios are considered in MF-HSDPA if the maximum overlap sub-frame pairing solution for MF-HSDPA sub-frame pairing is accepted.

Proposal 3: Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in non-MIMO MF-HSDPA.
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