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1.
Introduction
In Rel.13, RAN2 plan to discuss on supporting PUCCH on SCell for Carrier Aggregation and enhancing the carrier aggregation capabilities up to 32 component carriers. How to offload UCI feedback from PCell to SCell is need to be discussed. In this contribution, we discuss the offloading from two approaches: Grouping and Partition.
2.
Discussion
According to [1], a CA configured UE feedback UCI on PUCCH of PCC if it is not transmitting PUSCH. And, UCI of all CCs were all aggregated and feedback together. Some challenges were brought when enabling the CA of up to 32 component carriers. For example, PUCCH on PCC will be highly loaded by UCI feedback. Supporting PUCCH on SCC is deemed a solution to overcome PUCCH highly loaded problem. But how to off load UCI traffic is need to be discussed. In the following, we discuss the offloading from two approaches: grouping and partition.
2.1 Grouping

Current PUCCH formats definition in [2] can only be used for an UE which not aggregate more than 5 CCs. Since the packet size of UCI will increase as the number of aggregated component carriers increased, a larger size of UCI is not good for the flexibility on PUCCH resource allocation (will explained in next section). Hence, it is beneficial to grouping CCs into several groups which contain no more than 5 CCs (as shown in Fig.1).
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Fig.1 Grouping UCI feedback
Consider the following example; assume there are 36 UEs. All of these UEs aggregate same four component carriers, namely, PCC, SCC1, SCC2 and SCC3. There are a PUCCH in PCC and SCC2 responsible for receiving UCI feedback. Case 1: PCC and SCC1 are grouped together as group 1; SCC2 and SCC3 are grouped together as group 2. So, UCI of group 1 was feedback on PUCCH of PCC, and UCI of group 2 was feedback on PUCCH of SCC2. When format 1b with channel selection is used for UCI feedback, All the HARQ-ACKs of one UE will occupy one resource block (RB) on each PUCCH of PCC and SCC2. According to section 5.4.1 of [2], format 1b supports up to 12 cyclic shifts of a base sequence 
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and 3 orthogonal sequences. With channel selection, 4 of the cyclic shift/orthogonal sequence resource are used by one UE, so at most 9 UEs’ HARQ-ACKs can be multiplexed in one RB.
Case 2: PCC, SCC1, SCC2 and SCC3 is not grouped, it means that all of the UCI feedback were on PUCCH of PCC. In this case, format 3 is needed to be used for UCI feedback. According to section 5.4.2A of [2], format 3 can only supports 5 orthogonal sequences to multiplex at most 5 UEs’ HARQ-ACKs in one RB. Hence, when grouping of CCs is not used, HARQ-ACKs of all 36 UEs can be transmitted on PUCCH of PCC by using a minimum of 

. Whereas when grouping of CCs is used, HARQ-ACKs of all 36 UEs can be transmitted on each PUCCH of PCC and SCC2 by using a minimum of 
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. Therefore, totally 8RBs is needed to be occupied when grouping of CCs is used.
As summarized in table I and II, although the total amount of RBs used is the same for case 1 (non-grouping) and case 2 (grouping), we can see that when grouping of CCs is applied, format 1b with channel selection can be used when 2 CCs is grouped together. As a result, this gives more flexibility on resource usage since RBs using format 1b for transmission of HARQ-ACKs can be used for mixed transmission of CSI, and also, can be shared with Non-CA UEs for HARQ-ACKs feedbacks.
Table I Multiplexing capacity of PUCCH format
	PUCCH format
	Support CC No.
	Multiplexing Capacity(UE/RB)

	1b
	2
	36, 18, 12

	3
	2~5
	5


Table II Occupation of resource block
	Case
	CC Groups
	PUCCH format used
	Minimum No. of RBs Occupied

	1
	1 group(PCC,SCC1,…,SCC3)
	3
	8

	2
	2 groups(PCC,SCC1),(SCC2,SCC3)
	1b
	8


Observation 1: Current PUCCH formats can be reuse if the number of CCs aggregated by an UE is not more than 5.

Proposal 1: Grouping CCs of a UE into groups which not more than 5 CCs on feedback.
2.2 Partition
As defined in [2], UCI consist of three type of information: HARQ-ACK/NACK, SR, and CSI. HARQ-ACK/NACK is time sensitive, but CSI and SR are less time sensitive. When the resources of PUCCH on PCC are limited, it is helpful to partition UCI into several parts and offload less time sensitive part to PUCCH of SCC. Hence, the macro eNB can also get the information it need, even its PUCCH resource can’t afford complete UCI. 
An example of the partition work is illustrated in Fig.1. Considering the information needed by scheduling of Macro eNB, HARQ-ACK/NACK has higher time sensitive than CSI. In order to decrease occupation resources on PUCCH of PCC, CSI is offloaded from PUCCH of PCC to SCC. The CSI of PCC is then transmitting to Macro eNB through backhaul link. In addition, resource availability of each PUCCHs, UCI packet size, and channel status are some other strategy can be adapted in choosing offload candidate(s).
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Fig.2 Partition UCI feedback

Observation 2: Partition UCI into time sensitive and less time sensitive parts and offload less time sensitive part to PUCCH of SCC can decrease occupation resources on PUCCH of PCC.
Proposal 2: Partition UCI into time sensitive and less time sensitive parts on feedback.
3.
Proposal
In this contribution, we provide some observations on UCI feedback for CA configured UE. The flexibility on resource usage can be increased by grouping CCs and/or partition UCI of an UE on UCI feedback. 
Observation 1: Current PUCCH formats can be reuse if the number of CCs aggregated by an UE is not more than 5.

Proposal 1: Grouping CCs of a UE into groups which not more than 5 CCs on feedback.
Observation 2: Partition UCI into time sensitive and less time sensitive parts and offload less time sensitive part to PUCCH of SCC can decrease occupation resources on PUCCH of PCC.
Proposal 2: Partition UCI into time sensitive and less time sensitive parts on feedback.
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