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1. Introduction

In RAN1 #60bis meeting, it is agreed that two HARQ ACK/NACKs are mapped onto two PHICH resources for uplink SU-MIMO support [1]. If PHICH indicates NACK(s) without uplink grant, a UE retransmits transport block(s) in synchronous non-adaptive H-ARQ manner, so called PHICH-triggered H-ARQ. In PHICH-triggered HARQ, there is no indication for transmission precoder due to the absence of uplink grant. Hence, it should be defined that which precoding matrix will be used for retransmission. In [2], three alternatives for transmission precoder selection were mentioned up as follow:
· UE selects transmission precoder for retransmission.
· The precoder used in initial transmission is reused.
· Predefined precoder is used for retransmission.
In RAN1 #61 meeting, this issues was brought up and discussed. As an outcome, it was agreed that ‘Specification-based solution is needed and continue discussion until next meeting on the exact method’ [3]. In this contribution, we focus on the UE behavior for UL HARQ operation in release-10 and study further on the alternative solutions for precoder selection in retransmission.

______________________________________________________________________________
2. UE behavior of UL HARQ operation for SU-MIMO
In release-8/9, synchronous and non-adaptive HARQ is operated in PHICH-triggered HARQ case. When NACK is indicated on PHICH, a UE performs the synchronous non-adaptive retransmission. Also, when ACK is sent on PHICH, UE dose not perform any UL (re)transmission and keeps the data in the HARQ buffer as far as no uplink grant is received. The UE behaviour for PHICH-triggered retransmission needs to be specified for uplink SU-MIMO additionally. The UE behavior of SU-MIMO with multiple transport blocks can be defined as follow:

Table 1. UL HARQ operation in PHICH-triggered
	1st TB
	2nd TB
	UE Behavior

	ACK
	ACK
	· All transport blocks: No-(Re)transmission

(uplink grant is required to resume retransmission)

	NACK
	NACK
	· All transport blocks: Retransmission (Non-adaptive)

· Transmission precoder : to be decided

	ACK
(NACK)
	NACK
(ACK)
	· 1st TB (2nd TB): No-(Re)transmission

(uplink grant is required to resume retransmission)

· 2nd TB (1st TB): Retransmission (Non-adaptive)
· Transmission precoder : to be decided


For UL SU-MIMO in release-10, two HARQ ACK/NACKs are sent for each transport block. According to ACK/NACK signalling, three types of UE behavior can be defined in terms of transport block transmission, transmission precoder section and PHICH resource assignment.
(1) When two ACKs are sent on PHICHs, UE dose not operate any transmission. Also, UE keeps data in HARQ buffer and uplink grant is required to resume (re)transmission.
(2) When two NACKs are indicated, UE operates retransmission for each transport blocks. In this case, the precoder should be defined. 
(3) When one ACK and one NACK are sent, a transport block with ACK signaling operates as zero-transport block and other transport block with NACK signaling tries retransmission. Also, transmission precoder for the retransmission of a retransmitted transport block should be determined.
______________________________________________________________________________
3. Transmission precoder selection for PHICH-triggered HARQ
In PHICH-triggered HARQ for SU-MIMO, UE behavior seems to be necessary to define due to precoder definition as far as no explicit indication of precoding matrix in each case. The following three alternatives can be considered.

· Alt-1: Reuse initial transmission precoder for retransmission

Precoder indicated in previous uplink grant or initial transmission can be reused for retransmission. Since the precoder used in initial transmission may keep proper beam information if the Doppler frequency is relatively low, the precoder used in initial transmission can be reused. In addition, if one of codeword succeeds in initial transmission, column subset of the precoder will be only used so that less transmission power will be allocated which leads to less interference and battery saving in UE size. However, a UE should memorize the precoding matrix index used in each initial transmission.

· Alt-2: Predefined precoder

According to transmission rank, specific precoder(s) is predefined for retransmission. Also, to further enjoy spatial diversity gain, different precoder can be used in every retransmission. Therefore, a UE doesn’t need to memorize any of precoding matrix index used in initial transmission. However, since the fixed beam pattern in retransmission, the performance could be worse than the alternative.
· Alt-3: UE defined precoding matrix

In uplink transmission, spatial multiplexing is operated by precoded DMRS. This implies that it is not necessary to indicate transmission precoder from UE to eNB although UE decide precoder in retransmission. Since UE can decide any precoding matrix for retransmission, it would be a little bit hard to handle the situation such as uplink power control and multi-user scheduling. However, this alternative can be considered as a superset of Alt-1 and Alt-2 according to UE implementation. Therefore, from the specification perspective, this alternative may provide simplest solution.

Observation: since the alternative 3 may have flexible UE implementation and can be considered as a superset of the alternatives, we prefer to use UE defined precoding matrix in PHICH-triggered retransmission for the sake of the simplicity from specification viewpoint.
______________________________________________________________________________
4. Conclusion 
In this contribution, we further discussed on the UE behavior of the PHICH-triggered HARQ and the precoder selection for retransmission. Based on the discussion above, we can conclude as follows:
· When two ACKs are sent on PHICH, 

· Two transport blocks are not transmitted.
· When two NACKs are sent on  PHICH,
· Two transport blocks are retransmitted.
· Precoder for the retransmission is chosen by the UE
· When one ACK and one NACK are sent on PHICH, 
· The transport block with NACK signaling is retransmitted and the transport block with ACK signalling is settled as zero-transport block.

· Precoder for the retransmission is chosen by the UE
______________________________________________________________________________
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