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Discussion and Decision
1 Introduction
In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation [1]. PHICH design issues were discussed in RAN1 #58bis meeting and some conclusions on the design principle were made: 
· Re-use PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to REs)
· PHICH transmitted only on the DL CC that was used to transmit the UL grant
· PHICH resource mapping rules:

· For 1:1 or many:1 mapping between DL and UL without CIF:

· Reuse Rel-8 mapping 

Provisioning of PHICH resources when multiple UL carriers are mapped to a single DL carrier, and the exact mapping rules between the (UE-specific) UL carrier and the PHICH resource are still under discussion. In this contribution, we discuss the benefit of single PHICH resource when multiple UL carriers are mapped to a single DL carrier, and compare various PHICH resource mapping options.
2 PHICH Design
In Release-8, the number of PHICH groups is indicated by the t PHICH group parameter 
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 carried on the PBCH.  For a given PUSCH transmission, the corresponding PHICH group number and the orthogonal sequence within the PHICH group are determined by the lowest assigned UL PRB index and the 3-bit DM RS cyclic shift value [3].  
When multiple UL carriers are mapped to a DL carrier, multiple ACK/NAKs have to be supported per UE on a single DL carrier. It is noted that ACK/NAK bundling is mainly discussed in the context of UL SU-MIMO, and is outside the scope of this paper.
There are two approaches for PHICH resource provisioning: 

· Alternative 1: A single set of PHICH resources that are shared by PHICHs for all the UL CCs mapped to the PHICH CC.
· PHICH resource size is explicitly indicated by the number of PHICH group parameter , by higher layer signalling carried on the PBCH
· PHICH is mapped to the UL CC within a single PHICH resource either semi-statically or dynamically.

· Option 1: Semi-static partitioning of PHICH resource per UL CC

· UL-carrier specific PHICH resource offsets are semi-statically configured [4].
· PHICH resource offsets can be determined implicitly based on the number of UL CCs [5]. The number of UL CCs is known from the UL CC set signalled to the UE semi-statically.
· Option 2: Dynamic division of PHICH resource per UL CC

· System-wide indexing of PRB and PHICH resources, starting from Rel-8 UEs and continuing for LTE-A UEs [3]
· PHICH offset can be implied in the UL (PRB) index [5][6]
· Alternative 2: Separate PHICH resources corresponding to each UL CC

· PHICH resource for CC2 can start at the bottom part of PHICH resources. One set is accessible by both LTE and LTE-A UEs, while the other set is accessible by only LTE-A UEs [4]
· PHICH resource for LTE-A is provided in normal PDCCH CCE region.
In our view, a single set of PHICH resources can be used in most cases. Alternative 2 with separate PHICH resources may have problems with LTE-A UEs supporting aggregation of Rel-8 carrier and LTE-A carriers. Then the UE may have to monitor two PHICH CCE regions. Another problem with Alternative 2 is that PDCCH blind decoding failure will increase due to added LTE-A PHICH resources in the normal PDCCH CCE region. In view of this, Alternative 1 should be pursued for further PHICH design.

In Rel-8, the maximum number of PHICH groups that can be indicated is N^DL_RB / 4. This was designed to be sufficient for 1 carrier. With carrier aggregation, the worst case for PHICH loading would be occur when there are 5 UL carriers and only 1 DL carrier. However, such asymmetric carrier aggregation scenario with large number of UL carriers is a rare case. In most scenarios, number of DL carriers will be the same or larger than the number of UL carriers. Furthermore, carrier aggregation would primarily be aimed at supporting high rates, so there should not be large numbers of very small resource allocations. If it were desired in a later release to add a PHICH region extension to support, for example, very large numbers of low data rate users, this could be done later when the need arises.

It is not yet clear whether partitioning of the PHICH resources within a single PHICH resource is required. If needed, partitioning of PHICH resources corresponding to UL CCs may be done semi-statically or dynamically. Semi-static partitioning may be achieved by signalling a UL carrier specific PHICH resource offset. Dynamic portioning may be supported implicitly by UL PRB indexing. 

Proposal: A single set of PHICH resources that are shared by PHICHs for all the UL CCs mapped to the PHICH CC is the baseline for further PHICH design. The size of the PHICH resource is explicitly indicated by the PHICH group parameter carried on the PBCH as in Rel-8. The exact mapping between the PHICHs within the PHICH resource and the UL CCs requires further study.
3 Way Forward
In this contribution, we discussed PHICH design issues for carrier aggregation in LTE-A and made some recommendations on the design principles. As a way forward, we propose to agree on the following design principle:

A single set of PHICH resources that are shared by PHICHs for all the UL CCs mapped to the PHICH CC is the baseline for further PHICH design. The size of the PHICH resource is explicitly indicated by higher layer signalling carried on the PBCH. 
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