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1. Introduction
The scope of work item, ‘LTE Carrier Aggregation Enhancement beyond 5 Carriers’ is to standardize mechanism of aggregating up to 32 carriers. Those schemes like both self-scheduling and cross-carrier scheduling should be well supported. The corresponding UL/DL control signalling is needed to be enhanced. This contribution is focusing on the downlink part involving PDCCH/EPDCCH.
2. Discussion
There are two scheduling types in existing CA. The self-scheduling can only schedule the PDSCH/PUSCH in the same carrier as for the scheduling PDCCH/EPDCCH. The DCI format sizes of self-scheduling reuse the sizes of single carrier operation. For cross-carrier scheduling, CIF is used to indicate the scheduled carrier among several aggregated carriers. 
Both scheduling scheme need some extension if larger number of carrier is introduced in eCA. Basically, the PDCCH/EPDCCH will need the corresponding enhancement. Enhancements to DL signalling for up to 32 CCs for both scheduling schemes are analyzed as follows.
2.1. Self scheduling

To support carrier aggregation, higher members of blind detections is required for UE. Although the schemes for blind detection reduction were discussed, no specific scheme was adopted due to the problem of blocking rate, performance impact and UE capability. For Rel-10 carrier aggregation up to 5 carriers, The number of blind detections capable to UE is corresponding to 1 common search space and N UE-specific searching space. N is the number of aggregated carriers. Thus, for 5 carriers, UE should at least perform 172 blind detections per subframe without supporting of UL MIMO. If no reduction of blind detection is employed, UE has to be able to perform more than 1000 blind detections for 32 carriers. The significant increase of false alarm will impact on the performance including UPT. Considering the false alarm probability, UE implementation complexity and power consumption which related to maximum number of blind detection, the number of blind detection on UE specific search space may not be proportional to number of carriers. 

Proposal 1:RAN1 evaluate the acceptable false alarm rate for supporting up to 32 carriers, and determine the maximum number of blind detection according to the false alarm rate.

2.2. Cross-carrier scheduling

· CIF
The control field of carrier indicator was introduced in Rel-10 when cross-carrier scheduling is enabled. The CIF field was defined as 3 bits due to up to 5 CCs can be aggregated in existing CA. Up to 8 PDSCH/PUSCH CCs can be indicated by existing CIF. The enhancement to CIF should be taken into account of up to 32 CCs for cross-carrier scheduling. There are two options to address the issue:
Option1：The size of CIF is extended to 5 bits
Option2：The size of CIF is also 3 bits, restricting the maximum number of carriers scheduled by one carrier
Option1 is a direct way to enhance CA with similar principle as that for existing CA. Option1 get more flexibility in supporting larger number of carriers. But it will introduce more cost on DCI overhead. The new CIF size will further increases the number of DCI sizes to be supported by UE and results in more DCI size padding. Option2 does not require new DCI sizes. However, up to 8 PDSCH/PUSCH CCs can be linked to one PDCCH CCs if we kept CIF size. Considering the PDCCH/EPDCCH load in 1 carrier, option2 is preferred.
Proposal2: For cross-carrier scheduling, restricting the maximum number of carriers scheduled by one carrier should be considered.

· Others 

If the number of PDSCH/PUSCH CCs linked to one PDCCH CC is more than 5, the following issues should also be considered in eCA:
· Blind detection

The accepted maximum number of BD for self scheduling should also be considered when cross-carrier scheduling is enabled. Same scheme can be used.
· Search space design
The search space design of PDCCH was extending for supporting of cross-carrier scheduling in Rel-10. The  search space was extended for each scheduled CCs. From CCE arrangement, the search space of one particular CC is consecutively located behind the previous CC. An example of this scheme with aggregation level 1 is shown in Figure 1.
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Figure 1: Search space for aggregation level 1 in case of consecutive scheme
If we allow that 32 carriers can be scheduled by one carrier, the searching spaces could be heavily overlapped. The current component carrier has at most 80 CCEs for the 100RB bandwidth. The most frequently used search space for aggregation level 2, assuming BD number = 6, will overlap 5 times within one UE without considering the common search space. The block probability will increase significantly if we reuse the round-wrapped scheme for placing searching spaces. This impact to control channel performance is very high. The high overlapping will also impact the search space for other UEs and UL grant. Number of CCEs in EPDCCH resource block is also in same magnitude as that for PDCCH and the overlapping problem should be taken into account as well.

Proposal 3: The blocking probability of PDCCH/EPDCCH should be taken into account in case that large number of carriers is allowed to be cross-carrier scheduled without restricting.

· PHICH resource collision
It is agreed that PHICH should be transmitted on the cell carrying the UL grant in existing CA. Multiple CCs’ PHICH are transmitted in one CC if cross-carrier scheduling is configured. Considering there are up to 5 CCs were aggregated in existing CA, the collision of PHICH resource can be mostly alleviated by careful scheduling of UL grant. However, the problem will be severe for large number of cross-scheduled carriers. When UE is scheduled with several carriers, it is more like to occupy all PRBs in each carrier and results in same PRB index. Considering that, the collision problem became more frequent. 
Proposal 4: PHICH resource collision issue should be addressed in case that large number of carriers is cross-carrier scheduled without restricting.

3. Conclusion

In this contribution, DL control signalling enhancement to support Carrier Aggregation to up to 32 carriers is analyzed. Issues for both self-scheduling and cross-carrier scheduling is examined and proposed with options for solutions:
Proposal 1:RAN1 evaluate the acceptable false alarm rate for supporting up to 32 carriers, and determine the maximum number of blind detection according to the false alarm rate.

Proposal2: For cross-carrier scheduling, restricting the maximum number of carriers scheduled by one carrier should be considered.
Proposal 3: The blocking probability of PDCCH/EPDCCH should be taken into account in case that large number of carriers is allowed to be cross-carrier scheduled without restricting.
Proposal 4: PHICH resource collision issue should be addressed in case that large number of carriers is cross-carrier scheduled without restricting.
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