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1. Introduction

In RAN1 #61 meeting, no PHICH bundling for multiple codeword in uplink SU-MIMO was agreed to handle low error correlation between transport blocks without layer shifting so that a separate PHICH resource allocation for each codeword is required.

Due to no PHICH bundling, UE behaviour when the number of TB to be retransmitted is smaller than the number of TB in the latest transmission should be defined if no UL grant is available. Following issues seem to be the remaining details need to be discussed to finalize this issue:

· Transmission precoder selection

· Details of resource allocation for reference signal and PHICH

In this contribution, we discuss on the remaining issues on the PHICH-triggered retransmission especially for the case when the number of transport block is reduced from the latest transmission in order to finalize the uplink multi-antenna issues within the Rel-10 time frame.

2. Remaining Issues on the PHICH-triggered Retransmission
2.1. Transmission precoder selection
The UE behaviour with PHICH-triggered retransmission was agreed that rank and precoding vector stay the same if the number of TBs are the same from the latest transmission in RAN1 #62 meeting. However, it is still remained as open which precoding vector is used when the number of TBs are different from the latest transmission. Four alternatives have been proposed as follows [1]:

Alt 1:

· The precoding vector for a retransmission should be a predefined precoding matrix,  {depending, not depending} on the precoding vector in the latest grant

· The predefined precoding matrix (s) should be {the first CW, cycling of CWs in time according to subframe index or RIV} in the agreed uplink codebook for the transmission rank of the retransmission
Supported by: Huawei, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATT, CATR, HTC, III, Mediatek ,Potevio ,Pantech, Texas Instruments, ZTE, Samsung
Alt 2: 

· For PHICH-triggered retransmissions, TB is transmitted with the same precoding that was previously used for the TB to be retransmitted in the latest grant

Supported by: Qualcomm, Nokia, NSN, Ericsson, ST-Ericsson, RIM, LGE

       Alt 3:

· For PHICH-triggered retransmissions, TB is transmitted with the precoding that was used for the TB with a higher TBS size in the latest grant, if the TBS sizes are different in the grant

Supported by: LGE, Samsung

Alt 4:

· Fallback to single antenna port transmission

Supported by: Motorola

As seen in the summary of the discussion, the Alt-1 and Alt-2 show the clear majority as compared with the other alternatives. Therefore, it seems to be reasonable to narrow down the number of options for the discussion. To further nail down the alternatives, we compared the pros and cons of two alternatives in the table 1.
Table 1. pros and cons of two alternatives (Alt-1 and Alt-2).

	
	Alt-1: predefined precoder
	Alt-2: reuse of the latest precoding vector

	Pros
	· UE doesn’t need to memorize the precoding vector used at the latest transmission.

· All PAs can be utilized for the retransmission.
	· The beam directions are kept as the same with the latest transmission.

· Less transmission power is used so that UE battery consumption can be reduced

	Cons
	· Fixed beam may result in transmitting power to null space.

· Uncontrolled beam may increase interference for MU-MIMO
	· Precoder vector used for latest transmission should be memorized


As seen in the table 1, it would be safer to reuse the precoding vector used at the latest transmission (Alt-2) since the beam directions will be at least the same so that it can be avoided that transmitting beams toward null space (Alt-1). Therefore, it is preferred to adopt Alt-2 in PHICH-triggered retransmission if the number of TBs becomes smaller than that in the latest transmission.
Proposal: adopt Alt-2 as a UE behavior in the PHICH-triggered retransmission if the number of TBs is smaller than that in the latest transmission.

2.2. PHICH resource allocation
Other remaining issues are DM-RS cyclic shift resource allocation and PHICH resource allocation in the PHICH-triggered retransmission. Since it is discussed that how to allocate the cyclic shift resource for uplink DM-RS in our companion contribution [ ], we only discuss on the PHICH resource allocation issue here. There seem to be two options to allocate PHICH resource when the single TB out of two TBs is only required to retransmit as follows:
· Option-1: the PHICH resource for first TB at the latest transmission is used regardless of the PHICH resource used for the TB to be retransmitted at the latest transmission.

· Option-2: reuse the same PHICH resource assigned for the TB at the latest transmission.

Since the PHICH resources for the multiple transport blocks are separated with (lowest PRB index) and (lowest PRB index+1), the option-1 could be the safer choice in order to avoid PHICH collision if one PRB was allocated for the latest transmission. On the other hand, the option-2 gives a benefit if PHICH detection errors are happen since there is higher possibility to detect retransmitted signal at eNB receiver when a UE retransmits a single TB although eNB request to retransmit both TBs. Therefore, we prefer to adopt option-2 for the PHICH resource allocation in PHICH-triggered retransmission.
Proposal: adopt option-2 as a UE behavior in the PHICH-triggered retransmission if the number of TBs is smaller than that in the latest transmission.
3. Conclusion 
In this contribution, we discussed on the remaining issues on the PHICH-triggered retransmission especially for the case when the number TB is smaller than that in the latest transmission. From the discussions, we propose as follows:
· Reuse of the precoding vector used at the latest transmission is preferred as a transmission precoder selection.
· Reuse the same PHICH resource allocated at the latest transmission for a specific TB is preferred.
Reference
[1] R1-105074, “Summary of UL MIMO and UL RS Ad-hoc sessions”
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