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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). This was confirmed in RAN1#58bis where it was also decided that the PHICH is transmitted in the same DL Component Carrier (CC) as the corresponding UL grant and that Rel-8 PHICH resource mapping can apply in Rel-10 for DL/UL CC mappings of 1:1 and N:1 (N>1).

Several other aspects were left as FFS including:

a) Whether separate/additional resources to Rel-8 ones are needed for PHICH transmissions to Rel-10 UEs.

b) Whether for DL:UL CC mapping of 1:N (N > 1) or for cross-carrier scheduling, PHICH resource mapping can rely on:

· Rel-8 mechanism (using the index of the first PUSCH PRB and the CSI in the UL grant)
· Carrier specific offset
· Serial numbering of UL CCs
This contribution considers the above two open issues. 

2 PHICH Resources
An initial attempt to provide insight to whether the maximum Rel-8 PHICH resources would be adequate for Rel-10 operation was provided in [1] through some preliminary system simulations. However, a complete set of simulation parameters is difficult to establish and with partial assumptions only partial insight is obtained, as it was also acknowledged in [1]. Fortunately, the issue regarding the adequacy of Rel-8 PHICH resources in Rel-10 allows for some analytical consideration (also utilizing results from Rel-8) before resorting to simulations. This is attempted in the remaining part of this section considering FDD for simplicity. 
In Rel-8, multiple PHICHs mapped to the same set of REs in one or more REGs constitute a PHICH group. PHICHs in the same PHICH group are separated through I/Q multiplexing and through orthogonal sequences of length-4 (per REG). Therefore, up to 8 DL HARQ-ACK signals can be transmitted in a PHICH group. A PHICH resource is identified by the index pair 
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 is the index of the orthogonal sequence within the group. The number of PHICH groups is given by 
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 is informed to UEs through the MIB. 

It can be observed that for 
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, the PHICH can convey up to 
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 signals. For conventional Rel-8 setups where 
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, this PHICH capacity is easily adequate. The reason for supporting 
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) is because the PHICH transmission is power limited and not resource limited [2, 3]. For example, to approach 1e-4 BER for the PHICH transmission, more than 50 PHICH resources are required by only 16 UEs. Moreover, power borrowing from the PDCCH cannot be guaranteed to improve the PHICH reception, especially if the PDCCH duration is not always fixed to be 3 symbols, as the RS and the PCFICH may also require power boosting and collisions among such boosted channels among different cells may occur. Therefore, more resources than necessary need to be often allocated to PHICH transmissions which may also need to rely on power boosting through power stealing from the PDCCH [3].  

Cross-carrier scheduling, where a single DL CC may convey PHICH transmissions, or 1:N DL/UL configurations are the Rel-10 scenarios which may challenge the Rel-8 PHICH capacity.

VoIP is the key service consuming a large fraction of the PHICH resources. The ITU target for VoIP capacity in indoor channels is 50 UEs per MHz (similar targets exist for other deployment scenarios). At 20 MHz, assuming 50% VAF and 20msec VoIP periodicity, this is equivalent to 25 UEs per sub-frame. Even though Rel-10 has been shown to exceed the ITU targets, even assuming the 25 UEs per sub-frame VoIP capacity and longer VoIP periodicity, it is immediately clear that for 1:2 DL/UL configuration, the Rel-8 PHICH capacity is not adequate in terms of resources (and it is likely not adequate in terms of power as well).
Accounting for I/Q imbalance effects, for PDCCH scheduled PUSCH, for SPS (e.g. VoIP) PUSCH, and for the power limited nature of PHICH transmissions, the Rel-8 PHICH capacity becomes inadequate in Rel-10 even for “benign” scenarios where 1 DL CC needs to convey PHICH for only 2 UL CCs of the same BW (well below the extreme cross-scheduling scenario which allows PHICH in a single DL CC in response to PUSCH in up to 5 UL CCs – CIF of 3 bits).

Naturally, depending on the assumptions for the Rel-10 operating scenario, the answer regarding the adequacy of the Rel-8 PHICH resources can vary. However, even with mild assumptions about cross-carrier scheduling or 1:N DL/UL CC allocations, it appears that the Rel-8 PHICH resources are unlikely to be adequate.
Proposal: Rel-10 should provide larger maximum PHICH resources than Rel-8.

3 PHICH Mapping
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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[image: image13.wmf]index

lowest

RA

PRB

I

_

_

 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. 

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. 

Reducing the Rel-10 capability for the number of supportable MU-MIMO UEs to 4 or less 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 group offset to achieve a semi-static division of the PHICH resources [4]. For example, the PHICH resources serving a second UL CC may start after the PHICH resources serving a first UL CC.
The second is for a UE to serially count the RBs in its UL CCs with PUSCH transmission [5, 6]. In this manner, the PRBs of the UL CCs are considered jointly instead of individually (similar to Rel-8 considering 100 PRBs for 20 MHz BW instead of considering two sets of 50 PRBs for 2 BWs of 10 MHz each).

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. 
4 Conclusions

This contribution considered the two open issues on the PHICH transmission in Rel-10, namely the adequacy of the maximum Rel-8 PHICH resources and the adequacy of Rel-8 mapping mechanisms in case of cross-carrier scheduling or DL:UL allocations of 1:N CCs.

Based on the analysis in this contribution and on results obtained during the study of PHICH transmission in Rel-8, the following are proposed:

a) Rel-10 should provide larger maximum PHICH resources than Rel-8.

b) 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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