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1 Introduction
In RAN1#80 the observation [1] is proposed which is about DL control signaling for aggregating up to 32 carriers, 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 document, we share our views on DL control signaling enhancement for carrier aggregation beyond 5 carriers.
2 Discussion
2.1 Cross-carrier scheduling 
In Rel-10, the 3bits CIF in PDCCH is used for indicating the scheduled carrier for cross-carrier scheduling. For CA with up to 32 carriers three options can be considered.

Option 1: 3 bits CIF is maintained and other carriers uses self-scheduling

This method is the same to previous CA design and the increase of CIF values is not needed. However for CA with up to 32 carriers the large number of carriers can not be cross-scheduled which weakens interference coordination of control channel.
Option2: 5bits CIF value
If it is allowed that one carrier schedules all other carriers, then 5bits are required which increases PDCCH payload size. In our opinion, this is an extreme case. For instance, if a UE aggregates less than 8 carriers then 3bits is enough for this case. Even though 5 bits CIF is supported, the CIF value should be configurable to avoid unnecessary control channel overhead. The payload increase should be carefully considered because of the reliability of control information and coverage requirement. Moreover, considering the alignment of different DCI format size, some bits are required to be appended, which leads complexity of design especially for 32 carriers.
Option3: cell grouping
Another method is to configure different cell groups via RRC signalling. In each group 8 carriers are configured with different carrier index values. For different groups Rel-10 CIF values can be reused. This method can maintain current specification without the extended CIF. The drawback is the additional RRC signaling is required.
Considering these methods we prefer slightly option 3.
Proposal 1: the method based on cell group is preferred for CA with up to 32 carriers. Each group supports up to 8 carriers and 3bits CIF values are reused. 
In Rel-10 the number of UE-specific search spaces is basically corresponding to the number of enabled carriers and the maximum number of blind decoding increase linearly. For CA with up to 32 carriers, this principle can be maintained. The method to reduce the number of blind decoding can be further studied.
In Rel-10 UE-specific search spaces of the scheduled cells is concatenated in the scheduling cell. If DCIs of more scheduled cells are put in one cell, search spaces overlap can frequently occur due to the mod operation. Considering the potential blocking/collision probability, the number of the scheduled cells in one scheduling cell should be restricted. From this perspective, cell group also can be a solution, which not brings the capacity limitation of control channel and higher blocking probability than Rel-10. 
For cell group, cross-scheduling in different groups can not work well for different cell group the CIF values can be the same. If a cell from one group is cross-scheduling the cell of other cell group, ambiguity can happen.   
Proposal 2: for UE-specific search space, Rel-10/11 mechanism is reused.

Proposal 3: cross-scheduling in different group is not supported. 
In Rel-10 common search space only detected on PCell. For two PUCCH transmissions we prefer placing common search space on PCell. CSS includes SI and group power control DCI. For CA, ideal backhaul link is assumed thus SI reception would not be impacted. For power control UE can take PC command in DCI 3/3A on PCell as reference or use only TPC command in DL DCI on PSCell. Therefore CSS needn't transmit on PSCell.  
Proposal 4: Common search space is only transmitted on PCell.

2.2 PHICH
For Rel-8 20 MHz system bandwidth with normal CP length, 25 groups of PHICH are available which offer 200 unique PHICH resources. Generally, the required PHICH resource of each subframe can far less than PHICH capacity. Self-scheduling or restricting the number of cross-scheduling carriers can also decrease the requirement of PHICH capacity. If one cell schedules more secondary cells, e.g. 16 or 31, PHICH capacity would be not enough. However, in our opinion this would lead more specification efforts as above mentioned. We prefer grouping cells. In this case current PHICH design can meet the requirement for the aggregation of up to 32 carriers. Thus PHICH enhancement is not required.
Proposal 5: PHICH enhancement is not required for the aggregation of up to 32 carriers.

2.3 Aperiodic CSI trigger
In Rel-10, aperiodic CSI report trigger use 2 bits in DCI which can indicate 2 serving cell sets. When the large number of carriers is configured, the 2bits can be not enough. If it is allowed that one carrier schedules all the other carriers, more trigger bits are needed to indicate different sets. However CSI trigger bits increase payload size of control information which bring about backward compatible problem. Therefore the increase of CSI trigger bits size should be taken into account carefully. Furthermore, if using above mentioned carriers grouping method, in every group 2bits CSI trigger signalling seems enough and no specification change is required.  

Proposal 6: The increase of CSI trigger bits size should be taken into account carefully.

3 Conclusions
In this document, we discussed enhancement for carrier aggregation beyond 5 carriers. We suggest:

Proposal 1: the method based on cell group is preferred for CA with up to 32 carriers. Each group supports up to 8 carriers and 3bits CIF values are reused.
Proposal 2: for UE-specific search space, Rel-10/11 mechanism is reused.

Proposal 3: cross-scheduling in different group is not supported.
Proposal 4: Common search space is only transmitted on PCell.
Proposal 5: PHICH enhancement is not required for the aggregation of up to 32 carriers.
Proposal 6: The increase of CSI trigger bits size should be taken into account carefully.
4 References
[1] RAN1#80 chairman notes
