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1 Introduction
RAN1 has discussed about PHICH-triggered retransmissions [1-7] but the discussion so far has focused on which precoding will be implicitly assumed in PUSCH retransmissions with rank reduction. Besides the topic, there are further issues to resolve in PHICH-triggered retransmissions as follows:

· Codeword(CW) index to determine the scrambling sequence applied to the retransmitted transport block (TB)
· DM-RS applied to the layers of the retransmitted TB
· PHICH resource to convey the HARQ-ACK signal corresponding to the retransmitted TB
In PDCCH-triggered PUSCH (re-)transmissions, CW index and DM-RS parameters are implicitly indicated by DCI. However, there is no rule agreed for PHICH-triggered PUSCH retransmissions yet. To finalize UL MIMO in LTE Rel-10, these open issues need to be clarified. This document presents straight forward solutions to resolve the issues.
2 TB-to-CW mapping
The PUSCH scrambling sequence applied to PUSCH is initialized with
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at the start of each subframe [8] and the parameters used in scrambling sequence initialization are the follows:
· 
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When a single CW is transmitted, 
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 is assumed in [8]. However, it should be clarified if it is still valid in PHICH-triggered retransmissions. We can list up two alternatives to clarify TB-to-CW mapping in PHICH triggered retransmissions.
· Alternative 1: Reset TB-to-CW mapping

· Alternative 2: Reuse TB-to-CW mapping

Let’s assume that a UE had transmitted two CWs on PUSCH and received (ACK,NACK) or (NACK,ACK) on PHICH. Then the UE will retransmit the single TB corresponding to NACK. If the PUSCH retransmission responds to (NACK,ACK), then TB1 is to be retransmitted and TB1 is mapped to CW0. If the PUSCH retransmission responds to (ACK,NACK), then TB2 is to be retransmitted. In this case, which CW is TB2 mapped to? According to Alternative 1, TB2 is mapped to CW0 and the scrambling sequence for TB2 is initialized with 
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. On the other hand, Alternative 2 maps TB2 to CW1 since TB2 was mapped to CW1 in the previous transmission, i.e. the scrambling sequence for TB2 is initialized with 
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3 DM-RS

In LTE-Advanced, orthogonal cover codes(OCC) are introduced on top of cyclic shifts(CS) to provide more orthogonality between layers and users. Cyclic Shift Field(CSF) in UL grant DCI formats indicates which CS offset and OCC are assigned to the UE and each layer as shown in Table 1.
Table 1. Mapping of Cyclic Shift Field to 
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	OCC

	
	Layer1
	Layer2
	Layer3
	Layer4
	Layer1
	Layer2
	Layer3
	Layer4

	000
	0
	6
	3
	9
	TBD

	001
	6
	0
	9
	3
	

	010
	3
	9
	6
	0
	

	011
	4
	10
	7
	1
	

	100
	2
	8
	5
	11
	

	101
	8
	2
	11
	5
	

	110
	10
	4
	1
	7
	

	111
	9
	3
	0
	6
	


For example, let’s assume that CSF=011 is signalled on PDCCH granting a rank-4 PUSCH transmission. Then the UE will transmit 2 TBs on 4 layers which are orthogonalizd by 
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 and OCC. Note that we will intentionally omit OCC in the following discussion since the exact CSF-to-OCC mapping rule is still under discussion. TB1 is transmitted on the first and second layers using DM-RS with 
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. TB2 is transmitted on the third and fourth layers using DM-RS with
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. When a retransmission is triggered by PHICH of (ACK,NACK) or (NACK,ACK), there is no explicit indication of DM-RS parameters to use. There are two alternatives to clarify DM-RS used in PHICH triggered retransmissions, similar to the alternatives discussed in the previous section.
· Alternative 1: Reset DM-RS parameters indicated in the latest UL grant

· Alternative 2: Reuse DM-RS parameters indicated in the latest UL grant

Getting back to the example above, we expect that the UE will retransmit the single TB corresponding to NACK. If the PUSCH retransmission responds to (NACK,ACK), then TB1 is to be retransmitted on two layers using DM-RS with 
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. If the PUSCH retransmission responds to (ACK,NACK), then TB2 is to be retransmitted. In this case, which DM-RS is TB2 to use? According to Alternative 1, DM-RS for TB2 is determined by 
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. On the other hand, Alternative 2 assign TB2 DM-RS with 
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, which were used by TB2 in the previous PUSCH transmission.
4 PHICH resource
To support UL SU-MIMO in LTE-Advanced, RAN1 has agreed that two HARQ-ACKs are transmitted on two PHICH resources, which are identified by the index pair 
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as follows:
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In [9], to assign distinct PHICH resources between two TBs, 
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 is given as follows:
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Let’s assume that a UE had transmitted two CWs on PUSCH and received (ACK,NACK) on PHICH. Then the UE will retransmit TB2. Since there is only one TB in the retransmission, there is no order of TB. Therefore, it needs to be clarified if TB2 in this case is regarded as the first TB or the second TB. Similar to the alternatives discussed in the previous sections, there are two alternatives to solve the problem:
· Alternative 1: Reset PHICH resource

· Alternative 2: Reuse PHICH resource

According to Alternative 1, TB2 is regarded as the first TB and the PHICH resource associated with TB1 in the previous PHICH transmission becomes the PHICH resource responding to the TB2 retransmission. On the other hand, according to Alternative 2, TB2 is regarded as the second TB as it was in the previous transmissions. Therefore, the same PHICH resource associated with TB2 in the previous PHICH transmission is reused to respond to the TB2 retransmission.

5 Comparison of Alternatives

We have discussed in the previous sections that two Alternatives of design principle can clarify uncertainty of TB-to-CW mapping, DM-RS, and PHICH resource in PHICH-triggered PUSCH retransmissions, as shown in Table 2.

Table 2. Behaviours depending on Alterantives

	
	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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	associated with 
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	associated with 
[image: image23.wmf]1

_

_

+

index

lowest

RA

PRB

I




Both Alternatives successfully resolve the uncertainty problems. However, Alternative 2 is more robust than Alternative 1 in handling error cases. Let’s assume that the eNB sent a UE (NACK,NACK) on PHICH as a respond to a 2-TB PUSCH transmission but the UE estimated the HARQ-ACK signals as (ACK,NACK). In this case, the eNB will expect to receive TB1 and TB2, which are scrambled by the sequences with 
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 and 
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, respectively. However, the UE will just transmit TB2. If Alternative 1 is used, then TB2 will be scrambled by the sequence with 
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 and there is misunderstanding about the scrambling sequence for the same TB between the eNB and UE. However, if Alternative 2 is adopted, TB2 will be scrambled by the sequence with 
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. Since the eNB and UE have the same understanding about the scrambling sequence for TB2, the eNB may be able to receive TB2 even though TB1 is still missed. Regarding DM-RS and PHICH resource, Alternative 1 leads to the similar problem of misunderstanding between the eNB and UE in this case. Accordingly, we proposed Alternative 2, reuse approach.
6 Conclusion

In this document, we identified a set of potential clarification issues in PHICH-triggered PUSCH retransmissions other than the precoding issue. Two Alternatives, reset approach and reuse approach, were discussed and compared. Considering the robustness in handling error cases, we propose Alternative 2, reuse approach, to compete the UL MIMO specification for LTE-Advanced Rel-10.
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