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1. Introduction
At RAN1 meeting RAN1 #57bis and further clarified at RAN1 #58 Carrier Indicator Field (CIF) was introduced [4]:

· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field

· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field

· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping)

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable

In this document we outline our preferences for PHICH design in LTE Rel-10 taking above agreements into account. 

2. Discussion

An LTE Rel-10 system with multiple configured component carriers can operate in an asymmetric or symmetric carrier aggregation mode depending on the number of available DL and UL component carriers. Depending on the UE capabilities and UE configuration a cell-specific symmetric carrier aggregation may appear asymmetric from UE perspective and the other way around as well. Therefore we propose not to distinguish between symmetric and asymmetric carrier aggregation but specify one PHICH scheme for the asymmetric case – seen from the UE – which also works in the symmetric case.

Proposal 1: Do not distinguish between symmetric and asymmetric carrier aggregation in the PHICH design. Specify one PHICH that works for both symmetric and asymmetric carrier aggregation. 
Since a Rel-8 backwards compatible component carrier can be accessed by both Rel-10 and Rel-8/9 terminals the PHICH design for Rel-10 must be backwards compatible, i.e. a Rel-8 backwards compatible component carrier transmitting PHICH for Rel-10 terminals must at the same time be capable of transmitting PHICH for Rel-8/9 terminals.  

2.1. Asymmetric case with #DL component carriers > # UL component carriers
Here one UL component carrier could be paired with one or multiple DL component carriers. Pairing means in this context the association between UL component carrier and the corresponding DL component carriers that are used for PHICH transmission. Transmitting the same PHICH on multiple DL component carriers increases reliability of PHICH. However, Rel-8 PHICH has been designed to fulfill the required error performance with transmission on a single component carrier; transmitting the same PHICH on multiple component carriers for Rel-10 (assuming the same principal transmission scheme as in Rel-10 and the same performance requirements) is therefore not required. PHICH for one UL component carrier should therefore only be transmitted on a single DL component carrier. 
Proposal 2: PHICH for one UL component is only transmitted on a single component carrier.

In case that no CIF is present in the corresponding UL grant PHICH is transmitted on the paired DL component carrier (which is identical to the DL component carrier that has been used to transmit the UL grant assuming the same pairing for UL grants). The pairing is semi-statically. In case the UL grant contains CIF bits PHICH can either be transmitted on the paired DL component carrier or on the component carrier that carried the UL grant. Our preference is to transmit PHICH on the component carrier that has been used to transmit the UL grant [1]
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[2][3]. No semi-statically configuration of a paired DL component carrier is then required when CIF bits are used. Transmitting PHICH on the same component carrier as the UL grant has the following advantages: 
· UE has only to monitor the DL component carrier used for the UL grant. This can enable battery savings.
· In case different component carriers experience different interference UL grant can be transmitted on DL component carrier with higher SINR (if CIF bits are enabled). It is desirable to also transmit PHICH on the component carrier with higher SINR.
Proposal 3a: In case of downlink heavy carrier aggregation PHICH is transmitted on that DL component carrier that has been used to transmit the UL grant.
2.2. Asymmetric case with #DL component carriers < # UL component carriers

Since here more UL component carriers exist than DL component carriers a DL component carrier must carry PHICH of multiple UL component carriers. 
As in Section 2.1 PHICH could be transmitted on a paired DL component carrier or on the DL component carrier that has been used for transmission of the UL grant.

In case that PHICH is transmitted on the same DL CC that has been used for the UL grant PHICH resources sufficient for all UL component carriers that can be scheduled by this DL component carrier must be reserved on this DL component carrier. Alternatively, if the scheduler restricts itself to schedule only certain UL component carriers from a DL component carrier only PHICH resources for those UL component carriers needs to be reserved (e.g. two DL and four UL component carrier and each DL component carrier schedules only two UL component carriers). If PHICH is transmitted on the paired DL component carrier enough PHICH resources for all paired UL component carriers needs to be reserved.

An UL grant must contain CIF bits to address the multiple UL component carriers. To be consistent with the solution proposed in Section 2.1 and since also the same advantages apply here we propose to transmit PHICH on that DL component carrier that has been used to transmit the UL grant. 

Proposal 3b: In case of uplink heavy carrier aggregation PHICH is transmitted on that DL component carrier that has been used to transmit the UL grant.

In case the UL transmissions on two or more component carriers – scheduled by the same DL component carrier –would use the same first resource block as well as the same cyclic shift for the demodulation reference signals the same PHICH resources are used according to Rel-8 rules and a collision would occur. However, this can easily be mitigated by the scheduler to ensure that UL transmissions don’t use the same cyclic shift for the demodulation reference signals and same first resource block simultaneously. 
3. Conclusions
In this contribution we propose the following agreements:

· Do not distinguish between symmetric and asymmetric carrier aggregation in the PHICH design. Specify one PHICH that works for both symmetric and asymmetric carrier aggregation.

· PHICH for one UL component carrier is only transmitted on a single component carrier.

· PHICH is transmitted on that DL component carrier that has been used to transmit the UL grant.
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