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1. Introduction

At the last meeting RAN1 #67, the issues about the HS-DPCCH design for MF-Tx were discussed. Some progress was made as follows:
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 further investigate the pros and cons of joint feedback and separate feedback, analyze the implementation-dependent solutions, and propose to adopt joint HS-DPCCH for MF-Tx.
2. HS-DPCCH Design for MF-Tx
2.1 Overview

For MF-Tx, each of the paired HS-DSCH serving cells can simultaneously schedule a transport block to the UE. Then two or more sets of ACK/NACK and CQI/PCI information will be transmitted on the HS-DPCCH(s). How to design the HS-DPCCH for MF-Tx is an important issue. In [1], two HS-DPCCH feedback schemes are analyzed, which are the following options:
· Option 1: joint HS-DPCCH feedback
ACK/NACK and CQI information for each cell are transmitted jointly per TTI, which means only one HS-DPCCH exists for the UE.
· Option 2: separate HS-DPCCH feedback
ACK/NACK and CQI information for each cell are transmitted separately, which means one HS-DPCCH per sector or per cell (or others) exists for the UE.

The comparison is summarized in Table 1 [1].
Table 1: Comparison of Joint Feedback (Option 1) and Separate Feedback (Option 2)
	　
	Joint Feedback Scheme
	Separate Feedback Scheme

	HS-DPCCH Power Consumption
	　Low
	　High

	Multi-user Interference
	　Low
	　High

	HS-DPCCH CM
	　Low
	　High

	Subframe Pairing Restriction
	　1.5 Slots Restriction
	　No Restriction

	HS-DPCCH Timing
	　1.5 Slots Time Compression
	　No Time Compression


We can see that the joint feedback scheme has the following advantages:
· lower additional HS-DPCCH power consumption and uplink interference
One advantage in the joint feedback scheme is the lower additional HS-DPCCH power consumption compared to the separate feedback due to the introduction of MF-Tx. The increase of uplink interference caused by the additional HS-DPCCH power consumption will degrade the radio network coverage and impact the legacy UEs, which is significant at the cell edge where the signal noise ratio is low.

· lower CM
Another advantage is that the HS-DPCCH CM in the joint feedback scheme is lower than that in the separate feedback, referring to the CM simulation results of 4C-HSDPA [2] (shown in Figure 1, in which the CM of single HS-DPCCH design is about 0.2~0.8dB lower than what of dual HS-DPCCH design at maximum when E-DPDCH using 1xSF4). The issue of CM has already been intensively discussed in the DC-HSDPA/4C-HSDPA WI, in which the solution of single HS-DPCCH was agreed. It is better to reuse the solution of single HS-DPCCH, with the intention of lower CM.
In addition, MF-Tx is adopted in the SHO and in this scenario 1xSF4 is usually configured for E-DPDCH, resulting that the worst case in the CM simulation results often happens. It is appropriate to adopt the joint feedback scheme for the lower CM.
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Figure 1: E-DPDCH Using 1xSF4, SC-HSUPA
· Re-use of existing structures
MF-Tx has much in common with MC-HSDPA and in a certain sense it is the extension of MC-HSDPA. If the joint feedback scheme is agreed, it is straightforward to reuse the joint structure defined in the MC-HSDPA feature, which makes possible to make best reuse from MC-HSDPA.
Proposal 1: Joint HS-DPCCH feedback is used in the MF-Tx.

Proposal 2: Confirm that HS-DPCCH feedback structure reuses the joint structure defined in the MC-HSDPA feature.
2.2 Timing Compression
Considering the HS-DPCCH timing compression for the joint feedback scheme, there seems a common understanding that the UE is able to handle all the time compression of 1.5 slots at least in the non-MIMO case. The remaining issue is how Network and UE handle the time compression in the MIMO case. 
There are two candidate solutions: 
1)  Timing compression is handled entirely by UE as in non-MIMO Case;
2)  Implementation-dependent scheduling at the network, including TTI skipping and additional HARQ process [3], with some potential performance degradation in throughput to avoid timing compression. 
In the following we focus on the performance aspects of these two solutions.

Take 6 HARQ process scheduling as the baseline for both the prior and posterior cells with the entire timing compression handled by UE. Here the prior cell refers to the cell with prior HS-PDSCH downlink timing in the paired subframes, while the posterior cell refers to the cell with posterior HS-PDSCH downlink timing. The timing is illustrated in Figure 2 assuming the timing compression is 1.5 slots.
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Figure 2: HS-DPCCH Timing of MF-Tx Inter-NodeB when UE handles the entire time compression (Baseline solution)
Then we analyze the solutions of implementation-dependent scheduling shown in Figure 3, including TTI skipping and additional HARQ process.
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Figure 3: HS-DPCCH Timing of MF-Tx Inter-NodeB when implementation-dependent scheduling is used (e.g. 7 processes instead of 6 processes for the prior cell nominally)
· TTI skipping
In this case UE is configured with 6 HARQ processes while the data of each process in the prior cell is scheduled per 7 TTI. With this assumption, the prior cell should skip a TTI and then schedule the next HARQ processes after finishing the current 6 HARQ processes. The scheduling in the posterior cell keeps unchanged as the legacy 6 HARQ process scheduling, where the data of each process is scheduled per 6 TTI. As a result, for the prior cell, the throughput with the TTI skipping scheduling is always 6/7 of the baseline, indicating about 14% performance loss.

· Additional HARQ process
In this case UE is configured with 7 HARQ processes and the data of each process in the prior cell is scheduled per 7 TTI. 7 HARQ process scheduling will introduce additional 2ms delay in L1 compared with 6 HARQ process scheduling. Meanwhile it should be noted the total UE buffer size will not change. The UE’s peak rate also decreases to roughly 6/7 of the baseline.
Moreover, the loss of 7 HARQ process scheduling may be even significant, i.e. buffer clearance in case of the reconfiguration of the HARQ process number when the MF-Tx is activated/deactivated by RNC when the UE moves into/out of the SHO area. The total buffer has to be cleared which will make the current data in the buffer lost.
With the above analysis, it is not preferable to adopt the possible implementation-dependent scheduling since there will be some problems in it, e.g. data losing when changing the HARQ process number and throughput loss. Therefore it is recommended that UE handles the entire timing compression also for the MIMO case.
Proposal 3: It is recommended that UE handles the entire timing compression also for the MIMO case.
3. Conclusion
In this contribution we discuss the issues on the HS-DPCCH design for MF-Tx. It is proposed:
Proposal 1: Joint HS-DPCCH feedback is used in the MF-Tx.

Proposal 2: Confirm that HS-DPCCH feedback structure reuses the joint structure defined in the MC-HSDPA feature.

Proposal 3: It is recommended that UE handles the entire timing compression also for the MIMO case.
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