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1. Introduction
In RAN1#60bis, it was agreed to support two HARQ-ACK (PHICH) signalling for single CC UL SU-MIMO with one to one mapping between an A/N and an existing PHICH resource. In RAN1#61, the following three options were considered for the PHICH mapping:

· The CSI value associated with the  PUSCH transmission 

· Different PRB indices  for the PUSCH, assuming more than one PRBs for the transmission

· (I,Q) branches of a QPSK symbol within one PHICH group

 In this contribution, we discuss the PHICH resource mapping for SU-MIMO. 

2. PHICH Resource Mapping for SU-MIMO

In LTE Rel-8/9, the PHICH group/orthogonal-sequence resource 
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is implicitly determined from the lowest PRB index of the UL transmission and mapping of the cyclic shift (CS) of the DM-RS field in the most recent DCI format 0, 
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With UL SU-MIMO, up to two transport blocks mapped on to two codewords can be transmitted on up to four layers requiring PHICH signalling for each of the transport blocks/codewords. The agreed DM-RS support for SU-MIMO include using different cyclic shifts for the different layers [1] and use of length-2 OCC between the two DM-RS SC-FDMA symbols [2]. It is well understood that the UL SU-MIMO DCI format will include a single (3-bit) DM-RS field signalling not only the cyclic shift but also the OCC code (RAN1#60bis agreement: OCC signalling would not increase the UL grant signalling overhead [2]).  Thus, the DM-RS field in the Rel-10 UL DCI formats is expected to indicate the CS (
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) and OCC (
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) of the DM-RS for the lowest layer of the first codeword (see example CS and OCC mapping in Annex A and [3]) with implicit mapping of the CS and OCC for the other layer of the first codeword and layers of second codeword, if/when present (e.g., see [3]). The CS and OCC are thus linked to the DM-RS transmission on a particular layer. 
It is then straightforward to extend to Rel-8/9 PHICH resource mapping for the case of two transport blocks SU-MIMO transmissions by using the explicitly/implicitly determined cyclic shift of the lowest layer of the first/second codeword associated with the PUSCH transmission as follows:
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where,
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 is mapped from the cyclic shift for DMRS field corresponding the lowest layer of the first codeword in the most recent MIMO DCI format for the transport block associated with the first codeword of the PUSCH transmission, and
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 is mapped from the implicitly determined cyclic shift, 
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 of the DM-RS on the lowest layer of the second codeword from the most recent MIMO DCI format for the transport block associated with the second codeword of the corresponding PUSCH transmission. 
As the 3-bit DMRS field in the DCI format can signal only 8 of the 12 possible cyclic shifts while the implicitly determined cyclic shift, 
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 may take on any of the 12 cyclic shifts, The 8-codepoint Rel-8/9 mapping between 
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cyclic shift (from the cyclic shift for DMRS field) needs to be extended to include CS 1, 5, 7, 11 if implicitly determined cyclic shift, 
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is allowed to take on any of the 12 supported cyclic shifts. An example of this extending mapping is shown in Table 1.
Table 1: Mapping between 
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 and the (explicitly/implicitly determined) 
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cyclic shift from the DMRS field in DCI format 
	Cyclic Shift for DMRS Field in DCI format 
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	000
	0
	0

	001
	1
	6

	010
	2
	3

	011
	3
	4

	100
	4
	2

	101
	5
	8

	110
	6
	10

	111
	7
	9

	-
	0
	1

	-
	1
	7

	-
	3
	5

	-
	6
	11


With the introduction of OCC for DM-RS with SU and MU-MIMO, it is however possible to schedule two different bandwidth MU-UEs (same starting PRB) with orthogonal DM-RS via different OCC but the same 
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(from CS on the lowest layer of the first/second codeword). For example, rank-2 UE1 with same OCC 
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for both the layers, 
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), and rank-1 single codeword UE2 with OCC 
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), the implicitly determined 
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for the second codeword of UE1 is the same as that for the single-codeword UE2. In this case, the same PHICH mapping (from equation (2) above) will occur resulting in PHICH collision. 
One possibility to avoid such PHICH collisions due to same CS but different OCC codes is to augment the PHICH mapping determination by using different PRB indices for the different OCC codes. For example, using the lowest PRB index of the uplink PUSCH transmission with OCC, 
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and the highest PRB index of the uplink PUSCH transmission with OCC, 
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corresponding to the DM-RS of lowest layer of the first/second codeword. Using the lowest and the highest PRB index enables use of 1RB allocation without any scheduler restrictions. Thus, the PHICH mapping in this case is, 
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where,
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 on the DM-RS of the lowest layer of the codeword, c
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 as defined in equation (2).
Further, in case the initial PUSCH is semi-persistently scheduled or scheduled by a random access response grant, then as in Rel-8/9, 
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 can be used for the DM-RS on the lowest layer of the first codeword, while 
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 for the second codeword can be mapped from the implicitly determined cyclic shift, 
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 of the DM-RS on the lowest layer of the second codeword. Alternatively, 
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) for the second codeword can be pre-determined or higher-layer (RRC) configured. 

3. Conclusions

With two transport blocks/codewords SU-MIMO, the Rel-8/9 PHICH mapping can be straightforwardly extended for the two transport blocks/codewords SU-MIMO case:

· Using different 
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) for the transport blocks associated with first/second codeword PUSCH transmission mapped from the cyclic shift of the DM-RS on the lowest layer of the first/second codeword,
· Potentially, augmenting the uplink PUSCH transmission PRB index in the PHICH mapping to use the lowest PRB index when DM-RS OCC=[+1 +1] and the highest PRB index when DM-RS  OCC=[+1 -1] on the lowest layer of the first/second codeword -- to avoid PHICH collisions due to same CS but different OCC codes usage.
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Annex A
An example mapping of the Rel-10 3-bit cyclic shift field in the UL DCI format to cyclic shift 
[image: image42.wmf](2)

DMRS,0

n

and the length-2 OCC code, 
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 of the DM-RS on the lowest layer of the first codeword.
Table 2: Mapping of Cyclic Shift Field in UL DCI format  to 
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and length-2 OCC code.

	Cyclic Shift Field in 

DCI format 
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	OCC code, 
[image: image46.wmf]OC,0

w



	000
	0
	[+1 +1]

	001
	6
	[+1 -1]

	010
	3
	[+1 +1]

	011
	4
	[+1 +1]

	100
	2
	[+1 +1]

	101
	8
	[+1 -1]

	110
	10
	[+1 -1]

	111
	9
	[+1 -1]
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