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1. Introduction

A new WI was approved in RAN #66 to work on support PUCCH on SCell for Carrier Aggregation (CA) and enhancing the CA capabilities up to 32 component carriers (CC). Regarding to the work on CA up to 32 CCs, the following work is included:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the possible changes and enhancements in RAN1 part in order to enable CA up to 32 CCs. 
2. Design Principles
1) Support of cross-carrier scheduling
For 32 carriers’ transmission, some carrier may be not reliable enough for control signalling transmission, e.g., carriers which are transmitted on unlicensed spectrum, cross-carrier scheduling is beneficial for control signalling transmission. Thus it is proposed to support both self-carrier scheduling and cross-carrier scheduling for CA up to 32 carriers.
Proposal 1: It is suggested to support both self-carrier scheduling and cross-carrier scheduling for CA up to 32 carriers. 
2) Complexity of blind decoding
Regarding to self-carrier scheduling, PDCCH blind decoding on more than 5 CCs may lead to too much UE complexity, so certain method to reduce UE complexity should be considered for self-scheduling case. Same rule applies for cross-carrier scheduling.
Proposal 2: Study how to reduce PDCCH blind decoding complexity for both self-scheduling and cross-carrier scheduling.

3) CIF field
For CA up to 32 carriers, one issue needs to be discussed is the necessity for one CC to support the scheduling of PDSCH of all other 31 CCs. If the requirement is certified, the CIF field needs to be enlarged to 5bits. Besides, the PDCCH capacity and reliability needs to be well analyzed and evaluated to support the scheduling of total 32 carriers on a single carrier. 
Proposal 3: Discuss if CIF bitwidth needs to be extended to 5.
4) Support of different UL/DL configurations
For CA up to 32 carriers, especially 32 carries on multiple bands, different UL/DL configurations for different carriers may be configured. Therefore, it is proposed CA up to 32 carriers should support different UL/DL configurations for each carrier.  
Proposal 4: CA up to 32 carriers should support different UL/DL configurations for each carrier.
5) HARQ Feedback enhancement
In order to support CA up to 32 carriers, the HARQ feedback needs to be enhanced. Specifically, the current PUCCH Format 3 designed for CA with 5 carriers supports maximum of 20 bits A/N feedback on Pcell. If CA supports up to 32 carriers, the HARQ feedback will increase dramatically.  Specifically, for FDD with 32 carriers and dual TBs on each carrier, the maximum HARQ feedback payload size increase to 64. For TDD configuration 2 with 32 carriers and dual TBs on each carrier, the maximum HARQ feedback bits increase to 256 bits without spatial bundling. Even considering spatial bundling, the number of HARQ feedback bits is as many as 128 bits. Therefore, capacity for HARQ feedback container needs to be enhanced. How many bits should the newly enhanced HARQ feedback container support needs to be well analyzed and evaluated, by balancing the feedback overhead and performance loss due to A/N bundling. In addition, HARQ in PUSCH may be considered as well to support large feedback of A/N bits.
Proposal 5:  New HARQ feedback container with larger than 20 bits payload size is needed for CA up to 32 carriers.
In order to ensure the flexibility for applying TDD-TDD CA, FDD-FDD CA and TDD-FDD CA, the maximum payload size of newly designed HARQ feedback container is suggested to be common for TDD and FDD. The specific payload size needs to be well analyzed and evaluated to balance the following factors: the reliability of HARQ feedback in terms of the coding rate, the number of UEs that can be multiplexed in the PUCCH regions, etc. 
Proposal 6:  In order to ensure the flexibility for applying TDD-TDD CA, FDD-FDD CA and TDD-FDD CA, the maximum payload size of newly designed HARQ feedback container is suggested to be common for TDD and FDD.
If payload size for 32 carriers is considered as too huge to be designed well, it is possible to design the PCell HARQ feedback for 16 carriers only, and allow PUCCH on SCell to support the feedback of CA with 32 carriers.
Proposal 7:  To reduce the HARQ feedback payload size on the Pcell, it is suggested to design HARQ feedback container aiming at optimizing the HARQ feedback with 16 carriers on Pcell, while exploiting the PUCCH on Scell feature to support the feedback of CA with 32 carriers.
6) Channel State Information feedback enhancement
For periodic CSI, if multiple periodic CSIs are collide, one report is selected according to the predefined prioritization rules. With 32 CCs on DL, the collision between periodic CSI reports would be expected to be severe, and most CSI reports would be dropped. Therefore new mechanism needs to be introduced for periodic CSI reporting to reduce colliding probability because current simple dropping rule may jeopardize whole periodic CSI reporting. 
Regarding to aperiodic CSI feedback, the current specification provides two bits in DCI format 0/4 to trigger aperiodic CSI report for any configured CC set. When the number of aggregated CC increases, whether it is necessary to design more bits to provide more flexibility of the trigger needs careful discussion and evaluation. 
Proposal 8: New mechanism needs to be introduced for periodic CSI reporting to reduce colliding probability because current simple dropping rule may jeopardize whole periodic CSI reporting.
Proposal 9: For aperiodic CSI reporting, study if current two bits trigger is sufficient for 32 CCs or the bitwidth needs to be extended.
3. Conclusions 

In this contribution, we discussed the possible changes and enhancements in RAN1 part in order to enable CA up to 32 CCs. We propose that: 
Proposal 1: It is suggested to support both self-carrier scheduling and cross-carrier scheduling for CA up to 32 carriers. 

Proposal 2: Study how to reduce PDCCH blind decoding complexity for both self-scheduling and cross-carrier scheduling.

Proposal 3: Discuss if CIF bitwidth needs to be extended to 5.

Proposal 4: CA up to 32 carriers should support different UL/DL configurations for each carrier.

Proposal 5:  New HARQ feedback container with larger than 20 bits payload size is needed for CA up to 32 carriers.

Proposal 6:  In order to ensure the flexibility for applying TDD-TDD CA, FDD-FDD CA and TDD-FDD CA, the maximum payload size of newly designed HARQ feedback container is suggested to be common for TDD and FDD.

Proposal 7:  To reduce the HARQ feedback payload size on the Pcell, it is suggested to design HARQ feedback container aiming at optimizing the HARQ feedback with 16 carriers on Pcell, while exploiting the PUCCH on Scell feature to support the feedback of CA with 32 carriers.

Proposal 8: New mechanism needs to be introduced for periodic CSI reporting to reduce colliding probability because current simple dropping rule may jeopardize whole periodic CSI reporting.

Proposal 9: For aperiodic CSI reporting, study if current two bits trigger is sufficient for 32 CCs or the bitwidth needs to be extended.
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