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1. Introduction

The WI [1] approved in RAN #66 aims to support PUCCH on SCell for Carrier Aggregation (CA) and enhancing the CA capabilities up to 32 component carriers (CC). One of the objectives is to specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL.
In RAN1 #80bis, the enhancements to UL control channel for LTE CA of up to 32 CCs were discussed, including the evaluation for UL SINR CDF for CA enhancement, link level simulation assumptions for HARQ-ACK on PUCCH, new PUCCH format design and CSI reporting mechanisms. However, no consensus was reached regarding to the new PUCCH format design and CSI reporting. In this contribution, we discuss the requirements for the enhancement of UCI feedback in order to enable CA up to 32 CCs, and analyze several possible solutions for UCI feedback. 
2. Requirements for enhancement of UCI feedback 
2.1 Discussion on the application scenarios for new PUCCH formats 
In current CA mechanism, there are two PUCCH formats to support UCI feedback of multiple CCs, which are PUCCH format 1b with channel selection and PUCCH format3. PUCCH format 1b with channel selection can support HARQ ACK/NACK feedback of up to 2 serving cells, 4 bits at most. PUCCH format 3 can support up to 5 serving cells, and at most 21 HARQ ACK/NACK bits. With increasing number of aggregated CCs, more feedback HARQ ACK/NACK bits are required, thus new PUCCH format may be necessary to enable more than 5 carriers aggregation.
The design of UCI should take the feedback overhead, the performance and the practical deployment requirements into consideration.  The deployment scenarios of eCA can be categorized into macro and small cell scenarios. For macro deployment scenarios, the carriers on IMT bands are expected to be exploited. Considering that the frequency resources that can be used by one operator in IMT bands are not so plentiful to reach 32 carriers, e.g., the maximum number of carriers per operator will generally not exceed 15, thus it is suggested to design a UCI feedback which is optimized for 15 aggregated carriers. Regarding to the small cell deployment scenarios, the unlicensed carriers can be used by taking advantage of LAA techniques, which may require a UCI feedback design that is targeting at aggregating 32 carriers. 
Proposal 1: For macro deployment scenarios, it is suggested to design a UCI feedback which is optimized for 15 aggregated carriers. Regarding to the small cell deployment scenarios, the unlicensed carriers can be used by taking advantage of LAA techniques, which may require a UCI feedback design that is targeting at aggregating 32 carriers. 
2.2 Discussion on the payload size for the new PUCCH formats 
For the newly designed PUCCH format, the FDD-FDD CA, TDD-TDD CA, and FDD-TDD CA should be all supported. Besides, the payload size of new format and the performance shall be well balanced by properly determine the payload size and some methods to fit the feedback A/N bits into the payload size. 
Regarding to the UCI design for 15 carriers CA aiming for macro scenarios, the payload size can be designed to be 60bits. Specifically, for FDD-FDD CA with 2x2 MIMO, 15 CCs means 30 A/N bits. While for TDD-TDD CA, UL/DL config.2, with 2x2 MIMO configured, 15 CCs indicates 120 A/N bits. For FDD-TDD CA with 2x2 MIMO configured and FDD as Pcell, 15 CCs means 30 A/N bits. If TDD with config.2 is Pcell, maximum of 148 A/N bits may be required when all Scells are FDD.  By balancing the feedback overhead and performance, the spatial bundling, which is used in current specification can be considered to reduce the feedback overhead. With spatial bundling, the A/N bits for TDD-TDD CA, and FDD-TDD CA can be reduced to 60 bits and 74 bits. By balancing the 60bits and 74bits, 60bits may be appropriate from the perspective of reuse current spec as much as possible. Similar as the design in Rel.12, for TDD-FDD CA, the feedback bits can be fit into the payload size by limiting the maximum of aggregated carriers. 
By contrast, for the UCI that is designed for 32 carriers CA for small cell scenarios, the payload size with 128 bits or more can be considered to support more A/N feedback bits, especially for the TDD-TDD CA and TDD-FDD CA with TDD as Pcell. 
For FDD-FDD CA or TDD-FDD CA with FDD as Pcell, if newly designed PUCCH format with 60bits or 128bits TDD is applied, there will be redundancy bits left, which provides a nature benefit to reduce periodic CSI report dropping probability. By multiplexing of periodic CSI reports with ACK/NACK feedback, the remaining bits after allocating to HARQ feedback can be used for feedback of CSI.
Proposal 2: FDD-FDD CA, TDD-TDD CA, and FDD-TDD CA should be all considered for the design of new PUCCH format. 
Proposal 3: The payload size of the new PUCCH format designed for 15 carriers CA can be 60bits. For the new PUCCH format that is designed for 32 carriers CAs, the payload size with 128 bits or more can be considered to support more A/N feedback bits.
Proposal 4: The multiplexing of CSI and A/N feedback bits can be multiplexed in the newly designed PUCCH formats. 
3. Discussion on schemes of UCI feedback on PUCCH
In this section, UCI feedback schemes on PUCCH are discussed. The following four schemes can be considered,
· Scheme 1: PUCCH format 3 is reused. Considering that maximum of 21 HARQ ACK/NACK bits is allowed by PUCCH format 3, to support more than 5 carriers CA, e.g., 15 carriers or 32 carriers, new bundling methods, such as time or frequency bundling should be introduced, which will degrade the performance.
· Scheme 2: The design principle of PUCCH format 3 is reused, but utilizing multiple PUCCH format3 resources to form a new PUCCH format for one UE, which is denoted by N×PUCCH format 3. For example, with spatial bundling, N=3 can support HARQ feedback of up to 15CCs for TDD-TDD CA UL/DL config.2, while N=2 is enough for FDD-FDD CA with 15CCs. If more CCs are aggregated together, larger N is required or new bundling methods can be applied. Currently PUCCH format 3 uses two separate RM encoders to support 22 input bits, with maximum of 21 A/N bits and 1 bit for SR. Because the input of one RM code can be up to 11 bits, we can extend the input A/N bits of several format 3 in the NxPUCCH format 3 structure to 22bits, each RM with 11 bits.
· Scheme 3: A new format can be designed to support more HARQ ACK/NACK feedback bits, by newly designed channel coding, DMRS pattern, resource allocation, etc. 
· Scheme 4: Exploiting the ability of PUCCH on Scell to extend the supporting of format designed for M carriers to M*N carriers, where N represents the supported number of PUCCH on Scell by UE. With enhanced capability to support uplink CA and PUCCH on Scell, HARQ feedback can also be transmitted on more than one cell. Then by dividing the feedback information into N groups, UCI feedback can be achieved by a PUCCH format supporting aggregation of M carrriers.
How to support CA up to 15CCs and 32 CCs by these schemes are summarized in table 1.
Table 1. Schemes to support larger number of aggregated CCs.
	
	For CA up to 15 CCs, with MIMO
	For CA up to 32 CCs, with MIMO

	
	TDD-TDD,UL/DL config.2, 120bits
	FDD-FDD
30bits
	TDD-TDD,UL/DL config.2, 256bits
	FDD-FDD
64bits

	Scheme1: Format 3
	Spatial &time/frequency bundling
	Spatial bundling
	Spatial&time/frequency bundling
	Spatial & time/frequency bundling

	Scheme2: N× Format3
	Spatial bundling,
N=3
	N=2
	Alt2-1: 
Spatial bundling,
N=6
	N=3

	
	
	
	Alt2-2: 
Spatial & time/frequency bundling,  N=2
	

	Scheme 3: New format
	Payload size up to 120bits 
	Payload size up to 30bits 
	Payload size up to 128bits with spatial bundling
	Payload size up to 64bits 

	Scheme 4: PUCCH on Scell
	PUCCH format 3 on 3 Cells with spatial bundling
	PUCCH format 3 on one Scell
	PUCCH format 3 on more than 6 cells with spatial bundling

	PUCCH format 3 on one Scell with spatial bundling



As can be seen in Table 1, if we aim to optimize CA up to 15CCs, and consider downlink performance loss, standard effort and UE capability, scheme 2 can provide best tradeoff. With time/frequency domain bundling, Scheme 1 will result in significant downlink performance loss as error detection of any subframe in the feedback window M will lead to retransmission of all DL subframes across the window. Scheme 3 with new format means new resource mapping, new coding scheme and etc., which require much standard effort. By contrast, scheme 4 is based on UE capability of UL CA. 
And then consider even larger number of aggregated CCs, the large payload will make strict performance requirement on UL coverage. With acceptable performance, scheme 3 can be considered. As shown in Table 1, neither scheme 1 nor scheme 2 can accomplish the feedback without significant DL performance loss for TDD. And for scheme 4, it is hard for UE to support large number of UL CCs.
Therefore, similar strategy can be applied as in R10, which introduce both PUCCH format 1b with channel selection and PUCCH format 3 to support HARQ feedback of CA, Both N× PUCCH format 3 and new format can be introduced for enhanced UCI feedback on PUCCH to support different number of aggregated CCs.  For example, for 15 carriers CA, the N×Format 3 method can be considered. While for larger carriers CA, the format design with new coding and resource allocation method can be designed. 
Proposal 5:  New PUCCH format with the structure of N× PUCCH format 3 and new format design with new channel coding scheme and resource allocation can be introduced for enhanced UCI feedback on PUCCH to support different number of aggregated CCs.
4. Conclusions 
In this contribution, we discussed the requirement of UCI feedback enhancement and the possible schemes to support UCI feedback on PUCCH. The following proposals are made: 
Proposal 1: For macro deployment scenarios, it is suggested to design a UCI feedback which is optimized for 15 aggregated carriers. Regarding to the small cell deployment scenarios, the unlicensed carriers can be used by taking advantage of LAA techniques, which may require a UCI feedback design that is targeting at aggregating 32 carriers. 
Proposal 2: FDD-FDD CA, TDD-TDD CA, and FDD-TDD CA should be all considered for the design of new PUCCH format. 
Proposal 3: The payload size of the new PUCCH format designed for 15 carriers CA can be 60bits. For the new PUCCH format that is designed for 32 carriers CAs, the payload size with 128 bits or more can be considered to support more A/N feedback bits.
Proposal 4: The multiplexing of CSI and A/N feedback bits can be multiplexed in the newly designed PUCCH formats. 
Proposal 5:  New PUCCH format with the structure of N× PUCCH format 3 and new format design with new channel coding scheme and resource allocation can be introduced for enhanced UCI feedback on PUCCH to support different number of aggregated CCs.
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