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1
Introduction

RAN#54 initiated a work item on UL MIMO and 64QAM for HSPA [1]. This was a result of earlier study on UL MIMO, whose results were captured in the technical report [2]. This contribution provides a proposal for HARQ operation for UL MIMO.
2
H-ARQ operation
The HARQ operation rules specify the intended behavior when one or more of the simultaneously transmitted packets (on the different spatial streams) fail to decode, requiring a retransmission. Such rules have been discussed in earlier UL-MIMO contributions, eg., [3,4]. This contribution proposes to use the rules as described in Table 1, which indicates Node-B and UE procedures for all the different packet-failure cases. In general the acknowledgment status indicated by the Node-B on each stream can take three possible values: Ack (packet decoded), Nack (packet failed to decode), or Absent (Node-B believes that no packet was sent on the stream). However, as in [3,4], we assume that transmission on only the weak spatial stream is disallowed, hence there are six distinct possible combinations of acknowledgment status on the two streams, all of which are covered by Table 1 (The first row includes two combinations together).
In [4], two alternative HARQ schemes are described, and one of them is proposed based on better performance in simulations. This proposal preserves the precoding vector on which the retransmissions occur (i.e., packets failing decoding on the weak stream will not be retransmitted on the strong stream, and similarly, packets failing decoding on the strong stream will not be retransmitted on the weak stream).  This avoids requirements for additional signaling to support soft handover. Our proposal is closely aligned to that of [4], deviating only in the last row of Table 1, as explained in the comments on that row. Also note that during retransmission, UE’s choice of TBS is enforced to be same as that of the original transmission; however, for a new packet transmission, the UE’s choice of TBS could differ from that indicated by Node-B’s grants, according to the E-TFC selection rules. As shown in Table 1, some retransmission cases require special E-TFC selection rules. A detailed proposal for E-TFC selection is presented in [5].
Table 1: Proposed HARQ operation rules.
	NodeB’s Ack/Nack indications on each stream
	Node-B grant transmissions to accompany the Ack/Nack indications
	UE retransmit behavior in response to Ack/Nack and grant indications
	Comments

	Stream1
	Stream 2
	
	
	

	Ack
	Ack or Absent (current rank=1)
	Fresh grants from scheduler (includes fresh rank selection)
	Read grants, apply  E-TFC selection procedure to find transmit TBS & power levels
	This is a direct extension of the current SIMO specification

	Nack
	Nack
	No changes to grants
	Retransmit both streams, ignore grants (i.e. use previous grants)
	This is a direct extension of the current SIMO specification

	Nack
	Ack
	Indicate new rank and S-E-DPDCH TBS if rank=2. No change to E-DPDCH grant.
	Retransmit E-DPDCH packet, read S-E-DPDCH grant and apply E-TFC selection to determine rank and S-E-DPDCH TBS if rank=2
	Each stream operates as in current SIMO spec. Note that S-E-DPDCH grant only indicates TBS, not power levels. If headroom limited, E-TFC selection could set rank=1 overriding this grant, saving S-E-DPDCH power.

	Nack
	Absent
	No changes to grants
	Retransmit E-DPDCH packet using previous grant.
	E-DPDCH behavior is as in current SIMO spec. Rank is forced to 1 irrespective of channel condition, to avoid hurting E-DPDCH retransmission by shifting some of its power to S-E-DPDCH.

	Ack
	Nack
	Fresh grant only for E-DPDCH. No change to S-E-DPDCH TBS.
	Retransmit S-E-DPDCH packet, and transmit E-DPDCH selecting its TBS using the new E-DPDCH grant and E-TFC selection rules.
	Preserving the E-DPDCH grant as suggested in [4] will preserve S-E-DPDCH power, but need not be mandated by specification, so as to give Node-B flexibility to allow the grant to increase. The E-DPDCH TBS should however be higher than the minimum dual-stream transmission TBS to ensure that both streams use the 2xSF2+2xSF4 spreading factor. This can be ensured by an E-TFC selection rule.


3
Conclusions

In this contribution, we have proposed a tabulated set of HARQ operation rules for the UL MIMO feature. The rules are closely aligned to previously discussed design options [3,4] for these rules. 
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