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1 Introduction
In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation [1]. PHICH design issues to support bandwidth extension are discussed in RAN1 contributions [2]-[9] and summarized as follows:
· Selection DL carrier for PHICH transmission

· Which DL carrier is used for PHICH transmission

· Dimensioning for PHICH resources

· Provisioning for PHICH resource for asymmetric UL/DL carriers

The decision on PHICH design needs to take into account
· Symmetric and asymmetric UL/DL bandwidth allocation and pairing

· Maximum reuse of Rel-8 mapping and configuration rules
· Support of UE-specific and cell-specific mapping

With these design goals in mind, we discuss PHICH design options and make some recommendations.
2 PHICH Design
Issue #1: Selection DL carrier for PHICH transmission
· Alternative 1: PHICH transmission on the same carrier as where the PDCCH for UL grant is sent [2][4]
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· Alternative 2: In scenarios where the number of DL carriers is larger than UL carriers, split PHICH to multiple CCs for the same UL CC.

· Alternative 3: Explicitly indicate PHICH CC by defining 1-bit PHICH carrier indicator field in the UL grant or by RRC signalling [7]
Compared with Alternative 2, Alternative 1 allows simpler UE implementation by minimizing the DL carriers for control channel decoding [4]. Furthermore, this design allows flexible control channel configuration supporting PDCCH-less configuration in a DL CC. With Alternative 1, PHICH CC is indicated in the UL grant by CIF. Therefore, additional 1-bit PHICH indicator in the UL grant is not necessary.

Proposal: PHICH transmission on the same carrier as the DL CC used for UL grant transmission. PHICH CC is linked to UL CC by the CIF in the new DCI format for LTE-A.
Issue #2: Dimensioning for PHICH resources
When a DL component carrier is associated with multiple uplink component carriers the PHICH resources may need to be increased for LTE-Advanced only carriers. In this case, modification in Rel-8 mapping rule is needed [6].
· Alternative 1: Increase PHICH resources to support aggregated UL carriers.
· Alternative 2: No expansion of PHICH resource is needed

Alternative 1 allows LTE-A UEs to use increased PHICH resources to support multiple UL carriers associated with one DL carrier. Sequential PRB indexing rule for aggregated carriers could be used for LTE-A UEs to provide mapping for LTE-A UEs, while supporting backwards compatible operation for Rel-8 UEs. 
In [2], a proposal is made to provision PHICH resources in each of the DL CC, for all UL CCs. For example, this scenario could arises when all UL grants are transmitted in one DL carrier to support a form of DL control channel ICIC. This approach may result in over-provisioning of PHICH resources to a greater extent.

Proposal: Increase PHICH resources to support the asymmetric UL/DL carrier aggregation scenario, where one DL component carrier is associated with multiple UL carriers. Provisioning PHICH resources for each of DL CCs for all the available UL CCs requires FFS.
Issue #3: Provisioning for PHICH resource for asymmetric UL/DL carriers

In scenarios involving larger number of UL carriers than DL carriers, multiple ACK/NAKs have to be supported per UE. It is noted that ACK/NAK bundling is mainly discussed in the context of UL SU-MIMO, and is outside the scope of PHICH design for CA in this paper.
· 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 is explicitly indicated by the PHICH group number, by higher layer signalling
· 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]. 
· PHICH resource for CC2 can start at the bottom par of PHICH resources, allowing scheduler flexibility [4]
· Option 2: Dynamic division of PHICH resource per UL CC

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

· One set is accessible by both LTE and LTE-A UEs, while the other sets are accessible by only LTE-A UEs [4].
· PHICH resource for LTE-A is provided in normal PDCCH CCE region.
In our view, 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 may be pursued for further PHICH design.

It is not yet clear whether partitioning of the PHICH resources 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. PHICH resource is explicitly indicated by the PHICH group number by higher layer signalling as in Rel-8. Partitioning of PHICH resources corresponding to UL CCs is FFS. The linkage between PHICH resource and the PUSCH CC in combination with UL PRB indexing 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 PHICH design principles. If agreed, we propose to capture these in the TR 36.814.

References

[1] 3GPP TR 36.814 V1.3.0 “Further Advancements for E-UTRA - Physical Layer Aspects” 
[2] R1-093120, “PHICH for MC operation,” Qualcomm Europe
[3] R1-093392, “PHICH Transmission in LTE-A,” Samsung

[4] R1-093396, “PHICH mapping in Asymmetric Carrier aggregation,” Samsung
[5] R1-092663, “PHICH Transmission in LTE-A,” Samsung.
[6] R1-093317, “PHICH in LTE-Advanced,”
Nokia, Nokia Siemens Networks
[7] R1-093227, “PHICH carrier linkage for carrier aggregation,” NEC Group

[8] R1-093468, “Further considerations on PHICH Linkage for carrier aggregation,”
Panasonic

[9] R1-093532, “PHICH for LTE-A,”
CATT
































































































1/3

