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1. Introduction

In RAN1#80bis, DL control signalling enhancement to support up to 32 carrier aggregation was discussed.  The observations of the online and offline discussion  are as follows,

· For possible enhancements to DL control signaling,
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified

· Please note, that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 

· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:

· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

· Improved UE power saving

· Potential limitations of the eIMTA signaling

In this contribution, we discuss the problem of PHICH enhancement in aggregation up to 32 carriers.
2. Discussion
2.1. Carrier grouping for the large number of carriers
We assume that uplink can aggregate also up to 32 carriers. Then, to support such kind of carrier aggregation, several scenarios may be considered. 

Scenario 1:
In UL aggregation up to 32 carriers, we assume the large number of carriers is not divided into multiple groups.

In currently PHICH mechanism, PHICH can only transmitted on the component carrier which sends the PUSCH UL grant. Then, in cross carrier scheduling, ACK/NACK for multiple uplink carriers may be transmitted in the same PHICH, which may cause PHICH resource collision. 
For example, the PHICH resource is identified by the index pair
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where
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 is mapped from the cyclic shift of DMRS field, 
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  is the spreading factor size used for PHICH modulation, 
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  is the lowest PRB index in the first slot of the corresponding PUSCH transmission, 
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  is the number of PHICH groups configured by higher layers and
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 is a parameter which is related to TDD UL/DL configuration.
From equation (1), we can see that PHICH resource is mainly determined by PRB index 
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 (PUSCH PRB index) and
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 (cyclic shift for DMRS).  If one DL carrier schedules multiple UL carriers, there may have not sufficient number of 
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 to avoid PHICH resource collision.
Proposal 1: To support up to 32 UL carriers aggregation, PHICH resource collision avoidance mechanism needs to be investigated when one DL carrier schedules a large number of UL carriers.  
Scenario 2:

In this scenario, the large number of DL carriers and UL carriers are divided into multiple groups. Two cases may be considered; they are intra group PHICH and inter group PHICH case, respectively. The left hand side of Fig. 1 is the illustration of intra group PHICH resource association with UL carriers.  PHICH resource for UL PUSCH is allocated in the group which corresponds to the UL carrier group.  If the number of the carriers in one UL group is not larger than 5, the existing carrier aggregation PHICH mechanism can be reused. Similar to currently CA mechanism, the PHICH resource collision can be avoided by allocating different DM-RS cyclic shift for the PHICH. 
Proposal 2: To support up to 32 UL carriers aggregation, UL carriers are partitioned into groups.   The number of UL carriers in each UL group is not larger than 5.  The intra-group PHICH resource allocation can reuse the current PHICH resource allocation mechanism. 

The right hand side of Fig. 1 illustrates inter group PHICH resource association with UL carriers. If current CA PHICH mechanism is reused, PHICH resource collision may occur due to the fact that PHICH resource is determined by the PUSCH RB index and DMRS cyclic shift. In inter group PHICH resource association with UL carriers across groups we might have  large number of UL grant configured to be associate with one DL carrier, The configuration of PHICH resource needs to be investigated to avoid resource  collision. Then, we propose:
Proposal 3: In case of inter-group PHICH resource association with UL carriers across group, the configuration of PHICH resource needs to be investigated to avoid resource collision. .
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Figure 1: illustration of intra group PHICH and inter group PHICH.
3. Conclusion
In this contribution, we consider the problem of DL PHICH enhancement in aggregation up to 32 carriers. To support this kind of carrier aggregation, the grouping schemes for large number of carriers are considered. The proposals are summarized as below.
Proposal 1: To support up to 32 UL carriers aggregation, PHICH resource collision avoidance mechanism needs to be investigated when one DL carrier is associated with large number of UL carriers.  
Proposal 2: To support up to 32 UL carriers aggregation, UL carriers are partitioned into groups.   The number of UL carriers in each UL group is not larger than 5.  The intra-group PHICH resource allocation can reuse the current PHICH resource allocation mechanism.
Proposal 3: In case of inter-group PHICH resource association with UL carriers across group, the configuration of PHICH resource needs to be investigated to avoid resource collision. .
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