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1. Introduction
Following the agreement on precoder selection for PHICH-triggered retransmission in RAN1#62bis [1], yet more ambiguity issues on PHICH-triggered retransmission are identified [1, 2]:

Continue discussion until next meeting.  Try to decide between the Reset (Alt 1) vs Reuse (Alt 2) for the following UE behaviour:

· TB to CW mapping

· PHICH resource

· DMRS resource

· FFS if  the Tx power of retransmission is scaled as a function of rank of both initial and retransmission is supported 

The above ambiguity issues should indeed be resolved by specifying some UE behaviors. They are unfortunately the by-products of the decision on assigning one PHICH resource per TB (“2 HARQ-ACKs”) [3]. Evidently, such decision was made to ensure better performance for the case of 1-TB retransmission of a 2-TB initial transmission which may not frequently occur [4]. Following this line of thinking, an alternative which results in minimum standardization impact should be chosen provided that it performs reasonably. Otherwise, RAN1 may want to reconsider the decision of “2 HARQ-ACKs” in [3] which would eliminate all the ambiguity issues altogether.
In this contribution, we address the three identified issues to decide between the “reset” (Alt1) and “reuse” (Alt2) schemes: TB-to-CW mapping, PHICH resource, and DMRS resource. The issue of Tx power scaling is not addressed since it is viewed as rather far-fetched considering the timeline of Rel.10 completion.    
2. Discussion 
Both Alt1 (reset) and Alt2 (reuse) are very well described in [2] and hence will not be re-explained in this contribution. Table 1 is reproduced from [2] to summarize the system implications.  
Table 1 Alt1 vs. Alt 2 (reproduced from Table 2 of [2])

	
	Alternative 1 (Reset approach)
	Alternative 2 (Reuse approach)

	PHICH signal
	(NACK, ACK)
	(ACK,NACK)
	(NACK,ACK)
	(ACK,NACK)

	TB-to-CW mapping
	TB1-CW0, q=0
	TB2-CW0, q=0
	TB1-CW0, q=0
	TB2-CW1, q=1

	DM-RS
	reset the DM-RS as indicated by the latest UL grant
	reuse the DM-RS used in the previous TB1 transmission
	reuse the DM-RS used in the previous TB2 transmission

	PHICH resource
	associated with 
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It was argued in [2] that Alt2 is more robust against PHICH decoding error at the UE in one particular scenario when the eNB expects a non-adaptive retransmission of the second transport block (TB2) from a previous 2-TB transmission. This occurs when the eNB signals a (NAK, NAK) and the UE falsely decodes it as a (ACK, NAK). The same can be said when the eNB signals a (NAK, ACK) and the UE falsely decodes it as a (ACK, NAK) although such double-error event is much less likely than the previous one. In such scenarios, Alt1 dictates the UE to reassign the retransmitted TB2 to CW0 which is not expected by the eNB. This leads to an erroneous assumption of scrambling, TB-to-CW mapping, DMRS, and PHICH resources. Hence, the eNB is not likely to correctly decode TB2. This may not occur, on the other hand, if Alt 2 is chosen.
In response to the above assessment, the following can be argued:

· If Alt1 is used, the eNB can still signal another (NAK, NAK) on PHICH to request for yet another retransmission. While this is not optimal, the resulting throughput loss is expected small as it is a retransmission. Furthermore, another option of using adaptive retransmission (UL grant format 4) is still available for the eNB. Consequently, the “robustness issue” of Alt1 claimed in [2] does not seem to be compelling. 
· The scenario mentioned above is an isolated scenario out of 16 possible outcomes of decoding 2 HARQ-ACKs on PHICH. It is also one out of 8 possible single-error events. Hence, it can be concluded that the system performance impact is minimum as such scenario does not frequently occur. 
In light of the above arguments, it seems that Alt2 may be desirable only if the specification impact is at least comparable to Alt1. We now discuss the anticipated specification impact of Alt1 and Alt2. 
· TB-to-CW mapping:

· Alt1 simply re-designates the retransmitted TB to CW0. This is inline with the current description of layer mapping in Table 5.3.2A.2-1 of [5] which assumes that CW0 (and consequently q=0) is the default CW for 1-TB (re)transmissions. This has also been the principle for DL SU-MIMO. This is illustrated in Figure 1. 
· To support Alt2, on the other hand, two additional layer mapping schemes need to be specified in Table 5.3.2A.2-1: 1) 1-CW-1-layer: mapping from CW1 to layer 1, 2) 1-CW-2-layer: mapping from CW1 to layers 2 and 3. In addition, it needs to be specified that the additional 2 layer mapping schemes are used only for non-adaptive 1-TB retransmission of a 2-TB initial transmission – which is quite cumbersome simply for accommodating a corner case described above. 
· In terms of DMRS mapping and PHICH resource, the specification work comes as a consequence of the additional layer mapping schemes. 

· For Alt1, the specification may add some clarifying sentence that non-adaptive 1-TB retransmission (regardless of the number of TBs in the initial UL-grant-triggered transmission) maps the TB onto CW0. 

· For Alt2, 1-TB the specification needs to distinguish between 1-TB and 2-TB initial transmission (triggered by UL grant) for the non-adaptive 1-TB retransmission. This clearly results in a more complicated specification cases.
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Figure 1 CW designation upon 1-CW retransmission – 4Tx transmission is assumed for illustration
Based on the above consideration, we prefer Alt1 (reset) to Alt2 (reuse). The performance advantage of Alt2 over Alt1 is expected marginal, if any, as it is tailored to a specific corner case of PHICH decoding error. At the same time, Alt2 results in some major specification work on top of what has been incorporated in [5, 6]. Hence, the additional specification complexity from Alt2 is hardly justifiable. 
3. Conclusion
In this contribution, we discussed Alt1 (reset) and Alt2 (reuse) to resolve some additional ambiguity issues created from the decision of supporting 2 HARQ-ACKs for PHICH-triggered retransmission in RAN1#60bis [3]. The performance factor was considered along with the potential specification impact. The performance advantage of Alt2 over Alt1 is expected marginal, if any, as it is tailored to a specific corner case of PHICH decoding error. At the same time, Alt2 results in some major specification work on top of what has been incorporated in [5, 6]. The additional specification complexity from Alt2 is therefore hardly justifiable. 

Based on the above consideration, we recommend Alt1 (reset) be adopted to resolve the ambiguities caused by the support of 2 HARQ-ACKs for PHICH-triggered retransmission. 
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