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1 Introduction

In RAN#53, a new work item “HSDPA multiflow data transmission” was approved [1]. The work item should fulfill the following objectives:

· Specify the following HSDPA Multiflow Data Transmission technique where all cells reside in the same NodeB

a. Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user (Single-Frequency Dual-Cell aggregation)

b. Extension of above enabling operation in a dual carrier configuration with two cell pairs, each on their respective carrier frequencies (Dual-Frequency Quad-Cell aggregation)

c. Functionality currently defined in DC-HSDPA and/or 4C-HSDPA for e.g. channel coding of CQI reports and CQI reporting measurement procedures should be reused where possible

· Specify the following HSDPA Multiflow Data Transmission technique where cells may reside in different NodeBs

a. Simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user (Single-Frequency Dual-Cell aggregation)

i. The two cells in the cell pair may reside in different NodeBs

b. Extension of above enabling operation in a dual carrier configuration with two cell pairs, each on their respective carrier frequencies (Dual-Frequency Quad-Cell aggregation)

i. The cell pairs may reside in different NodeBs

c. For HSDPA Multiflow Data Transmission technique where cells may reside in different NodeBs, the benefits of any technique should be weighed against the complexity of the network implementation required and special care must be taken to ensure complexity of network implementation is minimized  

i. In particular, inter-site multiflow data split options other than those listed in subclause 9.3 of 25.872 may be investigated

· Additional configuration options where the cells in a cell pair do not operate on the same carrier frequency shall not be precluded

· Introduce the identified functionalities to the selected HSDPA multipoint transmission method to the relevant specifications:

a. Uplink and downlink control channel structures

b. Downlink physical layer transmission and reception procedures

c. L2/L3 Uu interface protocols

d. UTRAN Iub and Iur interface protocols 

e. UE RF core requirements

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, the following agreement and way forward was 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.

Study further until RAN1#68:

If the following two bullets can be agreed, dual HS-DPCCH solution will not be considered further:

· Timing compression is handled entirely by reducing the UE processing time at least in the non-MIMO cases

· Details FFS

· For MIMO cases, timing compression is handled by implementation-dependent scheduling (e.g. additional HARQ process and/or TTI skipping (with or without changes to max soft buffer size?)) and/or at the UE

· Details FFS

If the above two bullets cannot be agreed, dual HS-DPCCH solution can equally be considered. 

In this contribution, we provide further analysis of single HS-DPCCH solution for MF-HSDPA. We also provide another single HS-DPCCH solution and some proposals.
2 Analysis of compressed HS-DPCCH timeline

In RAN1#67, it was agreed that timing reducing could only be implemented by UE for both MIMO and non-MIMO case. Table 1 and table 2 from [3] show that the UE could not absorb all the timing reducing in some MIMO cases.
Table 1: Required ACK timeline reduction at the NodeB for Intra-NodeB multiflow configurations; Maximum sub-frame offset = 1 slot
	Multiflow Configuration
	Required ACK timeline reduction at the NodeB;

MIMO not configured
	Required ACK timeline reduction at the NodeB;

MIMO configured
	Comments

	SF-DC
	0 slots
	
	Not currently feasible for MIMO configuration

	DF-DC
	0 slots
	0 slots
	If configured, MIMO assumed on both cells

	DF-4C
	0 slots
	
	Not currently feasible for MIMO configuration

	TF-3C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	TF-4C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	QF-4C
	0 slots
	0.4 slots
	If configured, MIMO assumed on only one cell


Table 2: Required ACK timeline reduction at the NodeB for Inter-NodeB multiflow configurations; Maximum sub-frame offset = 1.5 slots

	Multiflow Configuration
	Required ACK timeline reduction at the NodeB;

MIMO not configured
	Required ACK timeline reduction at the NodeB;

MIMO configured
	Comments

	SF-DC
	0 slots
	
	Not currently feasible for MIMO configuration

	DF-DC
	0 slots
	0 slots
	If configured, MIMO assumed on both cells

	DF-4C
	0 slots
	
	Not currently feasible for MIMO configuration

	TF-3C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	TF-4C
	0 slots
	0.5 slots
	If configured, MIMO assumed on only one cell

	QF-4C
	0 slots
	0.8 slots
	If configured, MIMO assumed on only one cell


The solution described in [3] 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. So 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 by around 1.5 slots (1/2 subframe) rather than one subframe due to different pairing sub-frames as illustrated in Figure 1. This would increase the complexity for NodeB to receive and decode HS-DPCCH.
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Figure 1: One half subframe timeline change of HS-DPCCH 

Observation 1: Complexity for NodeB to receive and decode HS-DPCCH is introduced once the sub-frame pairing is changed in order to keep the sub-frame offset of the paired sub-frame less than 1.5 slots.

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 2: The compressed HS-DPCCH timeline 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.
3 Analysis of uncompressed HS-DPCCH timeline

As specified in TS 25.331, the UE could be configured from 1 up to 8 HARQ processes per serving cell. If the UE is configured less than 6 HARQ processes per serving cell (1 to 5), it could not be scheduled by the dual cells in every 2ms TTI even if the timelines at the UE or at the NodeB are compressed by 1.5 slots. 
If the UE is configured more than 6 HARQ processes (i.e. 7 or 8 HARQ processes) per serving cell, it could be scheduled by the dual cells in every 2ms TTI even without compressing the timeline of UE or NodeB. 
At the same time, we are trying to avoid the one half subframe timing change of HS-DPCCH when changing the paired subframes. For single HS-DPCCH solution with uncompressed timeline, the maximum offset of paired sub-frames could be within 3 slots. So an MF-HSDPA UE doesn’t need to base on the latest paired sub-frame for sending the HS-DPCCH, it can base on any serving cell’s timeline. When the subframes from the primary and secondary serving cells are paired, the latest one could be from either the primary serving cell or the secondary serving cell. Depending on whether the latest subframe is restricted to the primary serving cell or not, we can obtain different HS-DPCCH timeline designs.
3.1
Latest paired sub-frame based timeline
The latest subframe among the paired ones is not restricted to the primary serving cell. Figure 4 from contribution [4] shows a solution example with single HS-DPCCH and without compressing the timeline of UE or NodeB. The solution is based on the latest paired sub-frame to send HS-DPCCH.
As shown in Figure 4, the primary serving cell P-CCPCH frame timing is 2 slots earlier than that of secondary serving cell. It needs to pair one subframe from serving cell and one from the secondary serving cell in order to generate the composite ACK/NACK in Rel-8 format. Assume the UE pairing the subframe #0 of serving cell with also the subframe #0 of secondary serving cell. 
For the secondary serving cell which is the later one in this example, the UE generates ACK/NACK for HS-PDSCH subframe #0 at 7.5 slots later after receiving the subframe. For the primary serving cell which is a little bit earlier, however, the UE generates ACK/NACK for HS-PDSCH subframe #0 at 9.5 slots after receiving the subframe. 
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Figure 4: HS-DPCCH timeline of latest pairing sub-frame based for SF-DC
3.2
Primary serving cell based timeline
The latest subframe among the paired ones is restricted to the primary serving cell. As there is only one primary serving cell and it is the reference cell for UL DPCH in SF-DC, it would be simple to base the HS-DPCCH timeline on primary serving cell. The primary serving cell based timline means that the MF-HSDPA UE sends HS-DPCCH based on the timeline relation as defined in Rel-5 format. In other words, the MF-HSDPA UE sends HS-DPCCH at 7.5 slots after receiving the HS-PDSCH sub-frame of primary serving cell. At the same time, since the timeline of UE and NodeB is not compressed, the subframe of secondary serving cell paired with the primary serving cell must be not later than that of the primary serving cell.

Figure 5 shows one example case of the primary serving cell based solution.
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Figure 5: HS-DPCCH timeline of Primary serving cell based for SF-DC
As shown in Figure 5, the primary serving cell P-CCPCH frame timing is 2 slots later than that of secondary serving cell. And assume that the transmission delay of primary and secondary serving cell are both ΔT. It needs to pair one subframe from serving cell and one from the secondary serving cell in order to generate the composite ACK/NACK in Rel-8 format. In this example, the subframe#0 of primary serving cell would be paired to subframe#0 of secondary serving cell. And the subframe#1 of primary serving cell would be paired to subframe#1 of secondary serving cell. And so on. The MF-HSDPA UE would send HS-DPCCH for subframe#0 at 7.5 slots later after receiving the subframe of primary serving cell. For the secondary serving cell, the UE sends HS-DPCCH for subframe#0 at 9.5slots after receiving the subframe.
We know that the offset between paired sub-frames of primary and secondary serving cell would be drifted when the UE is moving. Now we analyze the impact on the offset drifting. Figure 6 shows an example of offset drifting of primary serving cell based solution.
In Figure 6, assume that primary serving cell belongs to NodeB1, and secondary serving cell belongs to NodeB2. At the first subframe#0 the transmission delay of primary and secondary cell are both ΔT and the primary serving cell HS-SCCH subframe#0 timing is 1 slot later than that of secondary serving cell. At the second subframe#0 the transmission delay of primary serving cell kept the same but at that time the secondary serving cell changed to 2ΔT. 
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Figure 6: Drifted offset impact on HS-DPCCH timeline of Primary serving cell based for SF-DC
Figure 6 shows that the secondary serving cell always receives the HS-DPCCH subframe after m*256 chips when receiving the start of UL DPCCH frame in any transmission delay. And the value of m is the same as that of primary serving cell. But if the offset drift causes the offset more than 3slots or less than 0 chips, the paired sub-frames should be updated. And it would need some message to support this updating.
If the offset drift is caused by the transmission delay change of primary serving cell, it is the same as by the secondary serving cell.
4 Proposal for single HS-DPCCH solutions

As discussed before, the compressed timeline solution could not absorb all the timing reducing in some MIMO case. And in more than 2 sectors scenarios, the timing reducing would more than 2 slots which would more aggressive to UE implementation. We propose:

Proposal 1: Agree to use uncompressed timeline solution for MF-HSDPA.

Proposal 2: We should firstly confirm which scenarios are considered in MF-HSDPA if the compressed timeline solution is accepted.

As shown in [4], the uncompressed HS-DPCCH timeline solution maybe has slight impact on peak throughput of MF-HSDPA UE. Although the impact would be neglectable as the MF-HSDPA UE only active in cell edge and it would be more than one active HSDPA UEs in the real cell. We proposed the MF-HSDPA UE should have larger IR soft buffer which can support the max TB size when it was configured 7 HARQ processes per serving cell.
Proposal 3: The MF-HSDPA UE should have larger IR soft buffer which can support the max TB size when it was configured 7 HARQ processes per serving cell.

As discussed before, the uncompressed HS-DPCCH timeline could be based on the latest paired sub-frame or the primary serving cell. The later one would be less complexity for implementation of both NodeB and UE. So our preference is the uncompressed HS-DPCCH timeline based on the primary serving cell.
Proposal 4: The uncompressed HS-DPCCH timeline should be based on the primary serving cell.
Proposal 5: The MF-HSDPA UE sends HS-DPCCH based on the timeline of primary serving cell (i.e 7.5 slots after it received the HS-PDSCH subframe of the primary serving cell).

5 Conclusions
In this contribution, we have discussed the single HS-DPCCH solutions for MF-HSDPA. From our analysis, we thought that we can reuse Rel-8 HS-DPCCH format for report the composite ACK/NACK to primary serving and secondary serving cells without compressing the UE or NodeB timeline. And we prefer to use primary serving cell based solution for MF-HSDPA with single HS-DPCCH.
We propose the following,

Proposal 1: Agree to use uncompressed timeline solution for MF-HSDPA.

Proposal 2: We should firstly confirm which scenarios are considered in MF-HSDPA if the compressed timeline solution is accepted.

Proposal 3: The MF-HSDPA UE should have larger IR soft buffer which can support the max TB size when it was configured 7 HARQ processes per serving cell.

Proposal 4: The uncompressed HS-DPCCH timeline should be based on the primary serving cell.

Proposal 5: The MF-HSDPA UE sends HS-DPCCH based on the timeline of primary serving cell (i.e 7.5 slots after it received the HS-PDSCH subframe of the primary serving cell).
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