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Discussion
1 Introduction
At the RAN1#58 meeting [1] there was the following agreement on downlink carrier indication,
· 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
This agreement introduces the concept for explicit carrier indication in the case of carrier aggregation. In this contribution we discuss the implications of this agreement on PHICH mapping for alternatives that may, or may not, utilize the carrier indicator field.
2 Discussion for PHICH Mapping
2.1 Component Carrier Aggregation 
An LTE-A UE can operate in the presence of more downlink component carriers (CC) than those used for the uplink. In the case of no carrier indication, Figure 1, the number of uplink CCs cannot be greater than the number of downlink CCs.  In this case only symmetric or downlink heavy scenarios are possible.  If carrier indication is used, Figure 2, in the presence of carrier aggregation it is also possible that the number of uplink CCs may exceed the number of downlink CCs, consequently all carrier aggregation scenarios are supported with carrier indication.  
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Figure 1: PHICH carrier linkage in the absence of CI field
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Figure 2: PHICH carrier linkage in the presence of CI field
As noted in the agreement a PDCCH and an associated PHICH transmission can only be linked to one or more uplink CCs.  However the agreement does not preclude more than one downlink CC linked to a single uplink CC.  
From the UE perspective, two alternatives for PHICH transmission in the presence of carrier aggregation are possible in principle:
Alternative 1: Feedback for a given PUSCH transmission is provided by PHICH transmitted from more than one downlink CC
Alternative 2: Feedback for a given PUSCH transmission is provided by PHICH transmitted from one downlink CC 
An advantage of Alternative 1 is frequency diversity gain can be achieved by transmitting Ack/Nak for a PUSCH transmission on multiple downlink CCs. 
One drawback of Alternative 1 is the necessity to revisit the R8 PHICH mapping relationship with respect to a PUSCH transmission. Another potential drawback is PHICH multiplexing capacity because each user should be assigned a unique PHICH resource on every downlink CC. Also the UE needs to continuously monitor all downlink CCs for ACK/NACK transmissions. This may adversely affect the UE’s power consumption.
We think that the increased complexity and UE power consumption of alternative 1 is not justified by the limited theoretical gain in frequency diversity in most types of deployment (for which sufficient frequency diversity is already available within a carrier). 

Proposal 1: Feedback for a given PUSCH transmission is provided by PHICH transmitted from one downlink CC
2.2 PHICH Carrier Linkage 
Assuming that the PHICH providing HARQ feedback for a given PUSCH transmission is transmitted from only one downlink CC, there are two possible scenarios:

Alternative 1:  PHICH is transmitted on the downlink CC used for transmission of the corresponding uplink grant 

Alternative 2: PHICH is transmitted on the downlink CC which is linked to the uplink CC where PUSCH is transmitted according to a cell specific configuration
With alternative 1, the UE would always find the PHICH and the PDCCH for the uplink grant in the same downlink CC. This has a clear benefit in terms of UE power consumption and decoding latency, since otherwise reception and processing of two downlink CCs to determine proper re-transmission behaviour based on the decoded PHICH and UL grant would be required even in case of low downlink activity (for the case where the downlink CC from which PHICH and PDCCH are transmitted are not the same). On the other hand, with alternative 1 there is a potential ambiguity in determining the uplink CC which a PHICH is providing feedback for which would have to be addressed (“resource collision”). Our understanding is that several solutions [2]-[8] are feasible, such as for example pairing of a given downlink CC with a given uplink CC. We also note that the resource collision issue would also be present with alternative 2 in the uplink heavy scenario (if such scenario has to be supported). Thus, we believe that alternative 1 is preferable.
Proposal 2: PHICH is transmitted on the downlink CC used for transmission of the corresponding uplink grant 

3 Conclusion
In this contribution the following are proposed for PHICH mapping,
Proposal 1: Feedback for a given PUSCH transmission is provided by PHICH transmitted from one downlink CC 

Proposal 2: PHICH is transmitted on the downlink CC used for transmission of the corresponding uplink grant 
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