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1. Introduction

For PUSCH transmission with multiple antennas, spatial multiplexing with up to two codewords (CWs) and four layers are supported in LTE-A.  The number of desired PHICH resources, i.e., HARQ bundling or non-bundling, has been discussed for several meetings.  The following working assumption was agreed for HARQ bundling on UL SU-MIMO in RAN1#60bis:  
–
2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO. 

–
 2 HARQ A/N

· Limit PHICH design to one to one mapping between an A/N and an existing PHICH resource

Therefore, at most two PHICH resources are required (to support up to two CW transmissions).
In Rel-8, the PHICH resource is identified by the index pair of PHICH group and PHICH sequence within the group [1].  Both the PHICH group and the PHICH sequence are determined by the lowest PRB index and the cyclic shift (CS) of UL DMRS in the first slot of the corresponding PUSCH transmission.  In LTE, only one CS index of UL DMRS is indicated via the most recent DCI format 0 for PUSCH transmission with only one CW and single antenna port.  However, in LTE-A Rel-10, multiple CSs are configured for multiple antenna ports, which are mapped to multiple layers via one or two CWs.  Even though it was agreed to introduce OCC as a complementary DM RS multiplexing scheme for UL SU-MIMO with multiple layers, the CSs configured for multiple antenna ports are different in current discussions.  Therefore, the number of CSs for different antenna ports is not less than the number of corresponding CWs, i.e., the number of required PHICH resources.
The CS mapping for the PHICH resources due to UL multiple-antenna transmission is currently an open issue to be specified. In this contribution, we discuss and provide our views on this issue.  
2. Layer-to-DM-RS CS Mapping

It is specified in [2] that the precoding applied for the UL DMRS is the same as the one applied for the PUSCH. It is natural to choose a simple one-to-one mapping from layers to DM-RS CSs for UL transmission with multiple layers.  Even for this one-to-one mapping, there are two possible alternatives: rank independent mapping and rank dependent mapping.
· Alternative 1: Rank Independent Mapping


In Alternative 1, the UE-specific CSs are allocated according to its maximum supported number of layers, even though the actual number of transmission layers is less than the number of antenna ports, i.e., the CS is always tied to the specific layer.  As rank goes up or down, the CS associated with this layer is introduced or skipped with other allocated CSs unchanged as illustrated in Fig. 1.
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Fig. 1
Rank independent mapping between layer and CS

· Alternative 2: Rank Dependent Mapping


In Alternative 2, the CS configuration is associated with the transmission rank.  When the rank is adapted, the CS configuration for all layers is changed as shown in Fig. 2.

[image: image2.emf]CW Layer CS offset

1 1 0

2 4

3 8

2

2 CWs mapped to 3 layers

CW Layer CS offset

1 0

2 6

3 3

4 9

1

2

2 CWs mapped to 4 layers


Fig. 2
Rank dependent mapping between layer and CS
Regardless of the transmission rank, the CS configuration for multiple layers in Alternative 2 has optimal separation.  However, as described in Section 4, the PHICH resource allocation would have to be re-calculated according to this new CS configuration due to rank adaptation for retransmissions.  Therefore, if there is no remarkable performance degradation due to nonoptimal CS separation, we prefer Alternative 1 – rank independent mapping from layers to CSs – due to the low impact on PHICH resource allocation.
3. CS Mapping for PHICH Resources
As specified in [2], the codeword-to-layer mapping on PUSCH is performed according to the same principle as in LTE Rel-8 DL spatial multiplexing [3].  To reuse the Rel-8 PHICH design as much as possible, we assume that the primary CS associated with antenna port 0, which is mapped from the 1st layer, is mapped to the 1st PHICH resource regardless of 1-CW or 2-CW transmissions.  In the following, we focus the discussion on the CS association with the 2nd PHICH resource.
Fig. 1 ~ 3 show the possible CS mapping for PHICH resources associated with multiple-layer PUSCH transmissions. 

· For 1-CW transmission as shown in Fig. 1, the LTE PHICH scheme is reused since there is only one PHICH resource.  
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Fig. 1
CS mapping for PHICH resources associated with 1-CW transmission
· For 2-CW transmission with less than 4 layers as shown in Fig. 2, it is straightforward to map the CS associated with the antenna port, which is mapped from the 2nd layer, to the 2nd PHICH resource.  According to the predefined codeword-to-layer mapping and layer-to-antenna port mapping, the 2nd CS is just associated with the 2nd layer, which is mapped from the 2nd CW.
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Fig. 2
CS mapping for PHICH resources associated with 2-CW and less than 4-layer transmission
· For 2-CW transmission with 4 layers, two options can be considered to map the desired CS to the corresponding PHICH resource as illustrated in Fig. 3.
· Option 1:  Map the CS associated with the antenna port, which is mapped from the 2nd layer to the 2nd PHICH resource. Since both the 1st two CSs are associated with the 1st CW, none of the CSs associated with the 2nd CW are selected for the 2nd PHICH.
· Option 2:  Map the CS associated with the antenna port, which is mapped from the 3rd layer to the 2nd PHICH resource.  Since the 3rd layer is really the primary layer of the 2nd CW, the CS associated with the 2nd CW is selected for the 2nd PHICH.
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Fig. 3
CS mapping for PHICH resources associated with 2-CW and 4-layer transmission
For non-adaptive HARQ retransmission, if the 1st CW is terminated and the 2nd CW is retransmitted, the CSs associated with the 1st CW in Option 1 cannot be released for other use by other UEs.  Therefore, we prefer Option 2 as the CS mapping scheme for PHICH resources associated with 4-layer transmission.
4. PHICH Resource Allocation

Different from Option 1, Option 2 is a CW-based mapping of CS to PHICH resource.  To generalize the PHICH resource allocation for both multiple component carriers (CCs) and multiple CWs, we extend the PHICH resource allocation formula in [4] as follows,
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where 
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 is a CC-specific offset value described in [4] and 
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 is a CW-specific offset value introduced to calculate the PHICH resource index.  The CW-specific offset value for the 1st CW could be set to zero to allow the reuse of the LTE PHICH resource allocation scheme.  The CW-specific offset value for the 2nd CW could be UE-specific – either predefined, semi-statically configured by higher-layer signalling or dynamically signalled by the PDCCH.
To illustrate this scheme, we take the UE-specific configuration of CW-based offset value as an example.  Since the precoding applied for UL DMRS is the same as the one applied for the PUSCH, the required number of CSs is equal to the number of layers. 
· For dynamic rank adaptation, the CS offset is always associated with the primary layer of each CW.  With the rank independent layer-to-CS mapping, it is possible to keep the CS configuration for single-CW retransmission.  As a result, it is not necessary to re-calculate the PHICH resource allocation, which is very beneficial for SPS retransmission.
· As for UL MU-MIMO, the CS offset associated with the 1st CW of each UE is indicated respectively via PDCCH in the initial transmission.  Subsequently, each UE has its own 
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 for its 2nd CW.  Thus the PHICH resource index pair 
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for each CW of each UE could be determined without collision.   Moreover, the CS configuration for MU-MIMO with two UEs could be aligned with SU-MIMO with two CWs.
· In the case of multiple CCs, the CC-specific offset value, 
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, could be set to zero for the primary CC.  The PHICH resource of the 2nd CW at the other CC could be calculated uniquely according to these four parameters, 
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5. Conclusions

In this contribution, we discussed the layer-to-DM RS CS mapping, CS mapping for the multiple PHICH resources, and the PHICH resource allocation scheme to avoid collision for the support of both carrier aggregation and multiple-antenna configuration.  We propose:
· Rank independent mapping between layers and CSs of UL DM RS.

· CW-based CS mapping scheme for the 2nd PHICH resource

· Introducing an additional parameter, CW-specific offset, to generalize the calculation of PHICH resource index pair for the support of both carrier aggregation and multiple-antenna configuration.
· FFS: the configuration of CW-specific offset.  We have a slight preference for dynamic signalling via PDCCH.
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