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1 Introduction

PHICH transmission in Rel-10 can rely almost completely on the Rel-8 one (orthogonal code, modulation, scrambling, mapping to REs) and, although not fully confirmed, a single set of PHICH resources will be shared by Rel-8 UEs and Rel-10 UEs (the PHICH is transmitted in the same DL CC as the corresponding UL grant). 

The only aspect that is not yet determined for the PHICH transmission in case of UL CA is whether:

a) The PHICH resource indexing can be based entirely on the Rel-8 one, or 

b) The PHICH resource indexing accounts for the case of PUSCH transmissions in multiple UL CCs and respective PHICH transmission in a single DL CC without imposing strict scheduler and operating restrictions to avoid PHICH resource collisions.

2 PHICH Resource Indexing
Using the Rel-8 mechanism as reference, the PHICH group number is determined as 
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 and the orthogonal sequence index within the group is determined as 
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where 
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 is the PRB with the lowest index (initial PRB) for the PUSCH transmission and 
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Therefore, PUSCH transmissions in different UL CCs sharing the same initial PRB can avoid collision of the respective PHICH transmission only through the assignment of a different CSI value. Whether this is possible would depend on the assumptions for the maximum number of supportable MU-MIMO UEs and on the level of scheduling restrictions.
For SPS PUSCH transmissions, there is no CSI and 
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 is assumed [1, 2]. Then, there are two possibilities to mitigate PHICH resource collisions (while maintaining the Rel-8 PHICH resource indexing). The first is to configure a cyclic shift (CS) value for the DMRS in UL SPS PUSCH transmissions. This is also beneficial for enabling MU-MIMO for UL SPS transmissions. The second is to impose severe scheduler and operating restrictions both for SPS PUSCH transmissions and for dynamic PUSCH transmissions which are highly undesirable. 
The Node B implementation in Rel-8 is capable of supporting up to 8 MU-MIMO UEs. Note that having limiting this capability to 4 MU-MIMO UEs was not deemed sufficient and for this reason a CSI with 3 bits was selected. If the Rel-8 capability is maintained in Rel-10, relying on the CSI to ensure avoidance of collisions for the PHICH resources in response to PUSCH transmissions in different UL CCs would be inadequate. This generally holds if Rel-10 should be capable of supporting above 4 MU-MIMO UEs. Moreover, for extended CP operation, the ratio of the OFDM symbol duration to the extended CP duration is four. Therefore, only 4 CS can be used for MU-MIMO UEs and the flexibility of using the CSI to also avoid PHICH resource collisions is further reduced. 
Reducing the Rel-10 capability for the number of supportable MU-MIMO UEs would free 1 CSI bit to be used for separating the resources of the PHICH transmission in response to PUSCH transmissions in different UL CCs. Some scheduler restrictions will also be needed in case the PHICH transmission serving multiple UL CCs is confined in a single DL CC (e.g. with use of MU-MIMO in multiple UL CCs or with aggressive cross-carrier scheduling).  

Two mechanisms were previously identified to avoid restricting the maximum number of MU-MIMO UEs in Rel-10, relative to Rel-8, and to avoid scheduler restrictions.

The first is to apply a CC-specific PHICH resource index offset [3] which can be RRC signaled or implicitly determined according to the number of configured UL CCs. Then, the PHICH group number and the sequence index for UL CC 
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 are determined as,
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 is a CC-specific PHICH index offset for UL CC 
[image: image9.wmf]i

. 
In Figure 1, for example, the first PHICH resource corresponding to PRB 0 for UL CC2 is PHICH resource 
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Figure 1: Applying CC-specific offset for PHICH resource indexing.
The second is for a UE to serially count the RBs in its UL CCs with PUSCH transmission [4, 5]. In this manner, the PRBs of the UL CCs are considered jointly instead of individually (as for the Rel-8 numbering of 100 PRBs for 20 MHz BW instead of numbering two sets of 50 PRBs for 2 BWs of 10 MHz each). Figure 2 shows an example for this PHICH resource indexing a Rel-10 UE with 3 activated UL CCs having respective BWs of 
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Figure 2: Serial PRB Numbering for PHICH Resource Mapping.

Both the above mechanisms are trivial in complexity while providing the PHICH mapping flexibility to avoid restrictions in the number of MU-MIMO UEs or additional scheduling rules/restrictions.
Proposal: When one DL CC conveys PHICH in response to PUSCH in multiple UL CCs then, for PHICH resource mapping, the PRBs in the multiple UL CCs are numbered either serially or with CC-specific offsets. 
3 Conclusions

This contribution considered the PHICH resource mapping with CA and proposes the following: 
Proposal: When one DL CC conveys PHICH in response to PUSCH in multiple UL CCs then, for PHICH resource mapping, the PRBs in the multiple UL CCs are numbered either serially or with CC-specific offsets. 
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