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1. Introduction
In the previous meeting of RAN1 #57, the following baseline for PDCCH was agreed:

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits
· In case of 0 bits, no carrier indicator
One related topic is the PHICH design in LTE-A. The PHICH linkage between DL component carriers (CCs) and UL CCs was discussed in [4] – [11]. In this contribution, we show our views on this topic.
2. Discussion
2.1. Cell-specific PHICH linkage
In LTE-A, cell-specific carrier aggregation can be DL/UL symmetric for FDD and TDD, or DL/UL asymmetric for FDD. The PHICH linkages between DL CCs and UL CCs in different carrier aggregation scenarios are shown in Figure 1.

Scenario 1): One DL CC to one UL CC. [6] [8]
This is for the case where the same number of DL and UL CCs exist. UL CCs and DL CCs are linked with a 1-to-1 mapping as shown in scenario 1) of Figure 1. Rel-8 PHICH design can be directly applied, where the PHICH resource in one DL CC is determined by the PUSCH transmission in the corresponding UL CC. The PHICH resource mapping and allocation rule can be the same as Rel-8.  

Scenario 2):  One DL CC to one UL CC, other DL CCs without corresponding UL CCs. [5] [6]
This is for the case where there are more DL CCs than UL CCs. This scenario is based on scenario 1). There is a 1-to-1 mapping between DL CC PHICH resources and UL CCs. The additional DL CCs have no PHICH resources, as shown in scenario 2) of Figure 1. DL CC1 is linked to UL CC1. Thus, all PHICH resources for PUSCH transmissions on UL CC1 are located on DL CC1. The Rel-8 PHICH resource mapping and allocation scheme can be reused in DL CC1. Note that DL CC2 is not Rel-8 compatible.
Scenario 3):  Multiple DL CCs are linked to one UL CC [5]

This is also for the case where there are more DL CCs than UL CCs. The difference from scenario 2) is that the PHICH resources for an UL CC exist on multiple DL CCs. In other words, all DL CCs are configured with PHICH resources for the single UL CC, as shown in scenario 3) of Figure 1. For LTE-A UEs, three PHICH transmission schemes are possible [5]:

1) eNB sends ACK/NACK to the UE on both DL CCs

2) PDCCH for UL assignments can be transmitted on any DL CC. eNB sends ACK/NACK on the DL CC where the corresponding PDCCH is transmitted.
3) PDCCH for UL assignments can only be transmitted on an “anchor” DL CC. eNB sends ACK/NACK also on the anchor CC.
Note that PHICH transmission on both DL CCs is not desirable. Thus, scheme 2) or 3) above is preferred. The Rel-8 PHICH resource mapping and allocation rule can be reused.
Scenario 4):  One DL CC linked with multiple UL CCs [6] – [9]
This is for the case where there are more UL CCs than DL CCs. Only one UL CC can be Rel-8 compatible. Two alternatives exist:
1) Alternative 1:  To enlarge the Rel-8 PHICH resources to accommodate both LTE and LTE-A UEs [6] – [9]
This alternative enlarges the PHICH resources for all linked UL CCs. The Rel-8 PHICH mapping rule can be reused by jointly numbering the PRBs in all linked UL CCs. For example, if the LTE compatible UL CC is UL CC1, then the PRB indices for UL CC1 are from 0 to 
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2) Alternative 2:  To use some of the Rel-8 PDCCH CCEs for LTE-A UEs [7] [8]
In this alternative, the PHICH resource is configured according to the Rel-8 compatible UL CC (i.e. UL CC1).  The PHICH resources for the Rel-8 non-compatible UL CC (i.e. UL CC2) correspond to a set of spare CCEs not used for Rel-8 UEs. Hence, no additional PHICH resource is required. However, this method may require a new PHICH mapping for UL CC2. Further, it enforces some scheduling restrictions.
Between the above two alternatives, we prefer alternative 1 for simplicity and maximally reusing Rel-8 designs.
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Figure 1: PHICH linkage Scenarios
2.2. UE-specific PHICH linkage [5]
For UE-specific PHICH linkage, it cannot be easily categorized into symmetric or asymmetric linkage, since the PHICH linkage is on a per UE basis. The UE-specific PHICH linkage is illustrated in Figure 2. Note that the PHICH linkage for LTE UEs is still cell-specific. Only the PHICH for LTE-A UEs is UE-specific. 

For LTE-A UEs with UE-specific PHICH, each DL CC shall reserve PHICH resources for all UL CCs, which leads to DL PHICH resource waste. Further, it may increase the complexity to avoid PHICH collisions.
For example, in Figure 2, the LTE-A system has 3 DL CCs and 3 UL CCs. Although the number of DL/UL CCs is symmetric, the UE-specific PHICH linkage can be either symmetric or asymmetric. Each DL CC needs to reserve PHICH resources for three UL CCs. The PHICH mapping rule can be designed by numbering the PRB indices in all UL CCs continuously. 
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Figure 2: UE-specific PHICH linkage
2.3. Summary of Cell-specific and UE-specific PHICH in LTE-A
Based on the above discussion, Table 1 summarizes the comparison of cell-specific and UE-specific PHICH linkages. It is clear that the UE-specific PHICH linkage is not preferred.
Table 1: Comparison between cell-specific and UE-specific PHICH linkages
	
	Cell-Specific PHICH linkage
	UE-Specific PHICH linkage

	Backward compatibility with Rel-8
	Yes
	Yes

	PHICH resource utilization efficiency
	Almost the same to LTE R8
	Low

	Standardization work
	Reuse most of the LTE design
	Need to define new configurations for PHICH linkage. The mapping rule can reuse the LTE design.

	TDD consideration
	A 1-to-1 mapping is likely, since cell-specific carrier aggregation is symmetric in TDD. 
	Low efficiency on PHICH resource usage


3. Preferred PHICH scheme
Considering efficient usage of PHICH resources, our current preference is a cell-specific PHICH linkage as shown in Figure 3. It has the following two properties:
1) A 1-to-1 PHICH mapping between DL/UL CCs is adopted when the DL/UL CCs can be paired up, e.g. similar to scenario 1 in section 2.1.
2) The remaining UL/DL CCs can employ scenario 2/3/4 in section 2.1. 

a) For DL CCs > UL CCs, either scenario 2 or 3 can be adopted.
b) For DL CCs < UL CCs, alternative 1 in scenario 4 can be adopted.
4. Conclusions

In this contribution, we compare cell-specific and UE-specific PHICH designs in LTE-A. For simplicity and maximally reusing the Rel-8 PHICH design, our current preference is the cell-specific PHICH design.
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Figure 3: Cell-specific PHICH linkage with a 1-to-1 mapping
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