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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, and in particular, in RAN1#68bis a number of agreements were reached, which are summarized in Table 1 (the solutions marked as [Agreed] have already been agreed on). We have added proposed solutions for the remaining items, i.e., the ones not labeled as ‘[Agreed]’, which were considered as FFS at the end of RAN1#68. The detailed solution procedure covering all cases of buffer/power limitations is described completely in [3], the intent here is to provide references to the appropriate cases in [3], highlight some key features of the solution and discuss the motivations of some of these solutions, contrasting them against possible alternatives.
Table 1: Agreed and proposed actions under various HARQ retransmission scenarios

	Case
	Original Tx rank
	Rank signaled for re-trans-mission
	Ack/Nack
	Power/buffer limited
	Solution

	
	
	
	Stream1
	Stream2
	
	

	1
	1
	1
	Nack
	-
	-
	[Agreed] Legacy UL CLTD procedure, Proposal 2b, case 2 of [3]

	2
	1
	2
	Nack
	-
	-
	[Agreed] Force retransmission with rank 1.
Revisit: Use rank 2 if the primary stream retransmission uses 2xSF2+2xSF4 spreading factor and power/buffer levels permit it. Proposal 2c, cases 1 and 4 of [3].

	3
	2
	1
	Nack
	Nack
	-
	[Agreed] Retransmit with rank 2. Proposal 2a of [3]

	4
	2
	2
	Nack
	Nack
	-
	[Agreed] Retransmit with rank 2. Proposal 2a of [3]

	5
	2
	1
	Ack
	Nack
	No
	Use rank 1, switching the secondary stream retransmission to the primary stream. Proposal 2b, case 3 of [3]

	6
	2
	2
	Ack
	Nack
	No
	[Agreed] Use rank 2, Retransmit stream 2, send new data on stream 1. Proposal 2c, case 1 of [3].

	7
	2
	1
	Nack
	Ack
	No
	Retransmit stream 1 using rank 1. Proposal 2b, case 2 of [3].

	8
	2
	2
	Nack
	Ack
	No
	[Agreed] Use rank 2, Retransmit stream 1, send new data on stream 2. Proposal 2c, case 1 of [3].

	9
	2
	1
	Ack
	Nack
	Yes
	Use rank 1, switching the secondary stream retransmission to the primary stream. Proposal 2b, case 3 of [3].

	10
	2
	2
	Ack
	Nack
	Yes
	If buffer is empty or grant scaling for headroom limit cannot support rank 2, use rank 1, switching the secondary stream retransmission to the primary stream. Otherwise use rank 2, retransmitting stream 2 and sending new data on stream 1. Proposal 2c, case 3 of [3].

	11
	2
	1
	Nack
	Ack
	Yes
	Retransmit stream 1 using rank 1. Proposal 2b, case 2 of [3].

	12
	2
	2
	Nack
	Ack
	Yes
	If buffer is empty or grant scaling for headroom limit cannot support rank 2, retransmit stream 1 using rank 1. Otherwise use rank 2, retransmitting stream 1 and sending new data on stream 2. Proposal 2c, case 4 of [3]. 


Cases 7 and 11 are straightforward: The desired new rank is 1 and the secondary stream has already terminated, so UE simply retransmits using rank 1. Case 12 has two subcases depending on the level of buffer/power limitation. One is an extension of Case 8 (limitations are not severe).  The other case, with severe limitations, is an extension of case 11, in the sense that although the new rank signaled by NodeB to UE is 2, the UE either does not have any new data to start a new transmission on the secondary stream, or has to accommodate its headroom constraint by scale down the grants until they no longer correspond to a signaled rank of 2. Hence, the UE is allowed to switch to rank 1 in this case, just as in cases 7 or 11.

Cases 5,9,10 have the common feature that the primary stream packet has terminated while the secondary stream packet has not, and the UE prefers to transmit with rank 1. The UE’s preference is either because NodeB has signaled rank 1 (cases 5,9) or because the UE is buffer and/or power limited (case 10). Thus it is desirable to have a unified solution to these cases. The two broad approaches possible in this situation are:
Scheme A: Keep all retransmissions on the same stream as the original transmission. Thus, the secondary stream retransmission must be sent on the secondary stream, giving rise to the question as to what should be sent on the primary stream. One option is to send no power on E-DPDCH. This is a new transmission mode, since in all other transmission modes, S-E-DPDCH when transmitted has the same power as E-DPDCH, whereas in the newly introduced mode, S-E-DPDCH is sent but E-DPDCH is not. Since a receiver for dual-stream transmissions is different from a receiver for single stream transmissions, this introduces additional complexity of implementing a single-stream receiver decoding only the weak stream. The other remaining option is then to send a payload on the E-DPDCH. This can be done in case 5 by processing as if rank 2 transmission was signaled by NodeB. In cases 9,10 the same approach is possible, but a dummy payload will be required in case of buffer limitation. Further changes may be needed to support transmission of dummy payloads by the UE.
Scheme B: Allow second stream retransmission to be switched to the first stream. This approach allows the UE to transmit using its preferred rank of 1. This avoids the disadvantages of transmitting dummy payloads or zero power on the primary stream, and is thus more link-efficient. Hence we propose using this scheme. The issues arising out of this are resolved as follows: 
(1) The power level at which the retransmission is sent needs to be specified. We propose using the same power as the original transmission. This is consistent with the current SIMO scheme where retransmissions are sent at the same power as the original transmission.
(2) The NodeB must be able to detect that the current rank 1 transmission is a retransmission of the packet previously sent on the secondary stream. Since NodeB will be expecting a retransmission, the very fact that UE transmitted with rank 1 should be sufficient to inform the NodeB of this. However, some additional checks are desirable, for example, to guard against E-HICH reception errors by the UE. The fact that the RSN field in the E-DPCCH will be set corresponding to the retransmission of the packet previously sent on the secondary stream provides another such check. If necessary, further, the S-E-DPCCH encoding could be modified to signal that the retransmission has been switched to the primary stream. As an example, the range of E-TFC values that can be signaled on the S-E-DPCCH is smaller than that on the E-DPCCH, owing to the constraint that rank 2 transmissions require TBSs that map to the 2xSF2+2xSF4 spreading factor configuration. Thus, one of the unused values can be used to indicate the switching of retransmission from secondary to primary stream.
(3) The decoding BLERs on the primary and secondary stream are usually controlled by independent loops. For example, outer-loop power control ensures the targeted BLER on the primary stream, while a SNR margin-loop ensures the BLER on the secondary stream. The proposed Scheme B allows HARQ transmissions of a packet to be sent on both streams, thus giving rise to the question as to how these loops should react to the decode status of such a packet. Note that these loops usually target residual BLER after a particular HARQ decoding attempt. If all HARQ transmissions until and including the targeted HARQ attempt have been carried only on one stream, then only the loop corresponding to that stream needs to be updated. Otherwise, multiple implementations are possible – adjusting both loops, or neither loop, or one of the loops if the corresponding stream carried a majority of the HARQ transmissions until the targeted HARQ attempt. The signaling required for the OLPC algorithm to be aware of which spatial stream the packet was carried on can be designed to support an indication that the packet was sent on both streams, possibly including the details of which HARQ transmissions were carried on which streams.
3
Conclusions

In this contribution, we have proposed a tabulated set of HARQ operation rules for the UL MIMO feature, covering rules already agreed upon in RAN1#68bis as well as proposals to handle the cases that have not yet been agreed.
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