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1. Introduction

    In RAN1# 58bis meeting, it was concluded that PHICH resource should associate with the same DL carrier where corresponding PDCCH for scheduling is transmitted, as quoted below: 
Conclusions:

· 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 
FFS:

· PHICH resource mapping rules:

· Question whether to have a single PHICH resource or separate resources?

· i.e. is the PHICH resource size seen by a Rel-8 UE the same as the PHICH resource size seen by an LTE-A UE?
· For 1:many DL:UL mapping case, or case with CIF, how to take the carrier into account:

· Use existing CS mechanism?

· Carrier specific offset?

· Serial numbering of UL carriers?

    For symmetric carrier aggregation or asymmetric carrier aggregation with more DL carriers, LTE resource mapping can be fully reused as mentioned above. However, for the case asymmetric carrier aggregation with more UL carriers, we need to justify whether the currently defined resource is enough since for the worst case we have to support PHICH for 5 UL carriers on a single DL carrier. Besides, whether we adopt new type of mapping to avoid collisions between PHICH for different UL carriers or simply rely on scheduling still needs to be decided. In this contribution, issues related to this case are discussed.
2. Discussion 

    The PDCCH blocking issue was mentioned that UE is typically be blocked due to lack of PDCCH before PHICH resource is not sufficient [1]. Except for SPS transmission is not considered in the analysis, we think non-adaptive retransmission is worth more attentions when the number of PDCCH is limited. Since non-adaptive transmission is always turned on without feedback from PDCCH or PHICH, it requires an “ACK” to stop the retransmission to save UE power or avoid UL collisions between UEs, given that PDCCH may not be enough to serve this task. Besides, an “NACK” is required for retriggered another non-adaptive retransmission without PDCCH. Thus it’s a bit earlier to conclude no extension for PHICH and it may be desired to consider whether it is feasible to adopt additional PHICH resource without too much impact.
Candidates for PHICH resource extension: 

· Following LTE mapping with increased PHICH group
    This is the most straight-forward way of increasing PHICH resource for LTE. In LTE, the number of PHICH groups is proportional to the downlink bandwidth and with multiplicator Ng configured by higher layer. Either another multiplicator or the number of additional PHICH group can be configured to extend the PHICH resource. However, this alternative will result in serious blocking to CCE for PDCCH. Since the REGs are grouped into CCE after uniformly interleaved across the bandwidth, the REGs form the additional PHICH group are very likely to belong to different CCEs following LTE mapping which means everyone additional PHICH group may randomly block 3 CCEs, including those for common search space. The PDCCH blocking issue is even serious and makes PHICH resource increasing in vain. Besides, other REGs belong to the blocked CCE is wasted unless we change the mapping between REG and CCE which is very undesired at this stage. Even we change the mapping, conflicts between PDCCH scheduling for LTE and that for LTE-A will cause more serious problem. Thus this candidate is almost not feasible.
· Reserved CCE for PHICH[2]
    Comparing with the previous candidate, this one is more efficient, since one CCE can be equally split into three PHICH group without waste. Though not equally distributed into the whole bandwidth as what we define in LTE, frequency diversity is expected with proper resource assignment. Besides, even though PDCCH blocking is still a problem, at least for Rel-8 UE, the impact can be controlled under certain level, ex. Avoid blocking the common search space. Figure 1 gives an example of blocked subframe reserving the last CCE among 40 CCEs as PHICH extension by randomly allocating 100 C-RNTI according to Rel-8 hashing function. It can be observed that aggregation level 2 and 8 are more likely to be blocked since they have larger total size and the blocking can be avoided by properly allocating C-RNTI.
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Fig.1
· Unused REG for PHICH

     After allocating REGs for PCFICH and PHICH, the rest REGs can be used for PDCCH with the unit of 9 REG. Therefore, there will be unused REGs if the REGs available for PDCCH is not a multiple of 9. Among all the configurations (bandwidth, antenna port number, control symbol length), 76% of them have at least 3 REGs unused, and 30% have at least 6 REGs unused. This candidate has the advantage that it has no impact on the legacy UE about the PDCCH blocking issue. However, the drawback is that there are still configurations such that this candidate is not feasible. Besides, another drawback is that the additional PHICH group is at most two. The amount extension, if required, is uncertain now while the marginal increase of this candidate seems not beneficial. 
There are still other possible candidates to utilize the data region for PHICH. However, that alternative requires a brand new channel to be defined and huge amount of efforts are expected. Concluding the three possible candidates, the second one is most possible considering the impact and feasibility. Given that unused REG almost comes for free, it can also be considered as a complement.
	
	PDCCH blocking
	Resource waste
	Feasible configuration
	Available resource
	Impact on Rel-8

	LTE mapping
	Worst
	Yes
	All
	Many
	Highest

	Reserved CCE
	Worse
	No
	All
	Many
	Higher

	Unused REG
	No
	No
	Most
	Limited
	No


    Another question is how we avoid the collision of PHICH between different UL carriers scheduled on the same DL carrier. Although it can be avoided by assign suitable PRB number or cyclic shift. However, there are several cases that cyclic shift can not be applied or hardly to be applied, Ex. Msg3, SPS configured transmission, or UL MU-MIMO. Purely relying on the PRB scheduling to avoid collision seems to put a large limitation on scheduling, especially for the worst DL:UL=1:5 case. We prefer to have shifting to ease the eNB scheduling burden. 
3. Conclusion

    In this contribution we discuss the issue regarding PHICH resource mapping and propose:

1. For PHICH resource extension, the impact is analyzed. Reserved CCE seems a suitable one for further consideration.
2. Each UL carrier has different offsets for PHICH resource calculation when allocating PHICH resource for multiple UL carriers within one DL carriers.
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