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1. Introduction
In the RAN1 #58bis and #60 meetings, it was agreed that Release 10 PUCCH design has to support up to 5 DL CCs and the simultaneous transmission of ACK/NACK symbols of a UE on multiple UL CCs is not supported [1], [2]. Therefore, all ACK/NACK symbols for a UE should be transmitted on one UE-specific UL CC. Since up to two TBs can be transmitted in each DL CC using the spatial multiplexing, Release 10 PUCCH should be designed to simultaneously support up to 10 ACK/NACK bits considering 5 DL CCs.

There are some alternative schemes for ACK/NACK transmission on PUCCH in CA proposed by some companies: 
· Alt. 1: PUCCH format 1b with SF reduction to 2 or 1

· Alt. 2: PUCCH format 2

· Alt. 3: channel selection
· Alt. 4: DFT-S-OFDM based transmission.

Among them, the channel selection scheme has the following advantages compared with the others: 

· No reduction in the energy per ACK/NACK symbol compared with Alt 1 and 2

· Ability to be multiplexed with Release 8 PUCCH in the same resource space compared with Alt 4
Therefore, we focus on the channel selection scheme in this contribution. In Section 2, we discuss the LTE Release 8 PUCCH design method in CA and address the resource overhead problem when it is combined with the channel selection scheme for ACK/NACK transmission. In Section 3, we propose two new channel selection schemes that require smaller number of resources: slot-level and sequence-level channel selection schemes.

2. Discussion on the Release 8 PUCCH design method in CA
Since up to two TBs can be used in each downlink CC, there are five possible ACK/NACK feedback states in maximum for each CC: (ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), DTX. If we consider 
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 downlink CCs, there are 
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 feedback states. Since the state that UE has not received any downlink assignment at all can be represented by using DTX in the UE, 
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 different states should be able to be expressed in the channel selection scheme. In order to reduce the number of feedback states, (NACK, NACK) and DTX can be represented by one state at the cost of downlink throughput loss. It is called NACK/DTX bundling in this contribution. In this case, there are four possible ACK/NACK feedback states in maximum: (ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK/DTX, NACK/DTX). Therefore, if we consider 
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 downlink CCs, there are 
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 states for ACK/NACK feedback.

In LTE Release 8, the resources used for transmission of PUCCH format 1a/1b are identified by a resource index 
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 which is related to the number of the first CCE used for transmission of the corresponding DCI assignment [3]. Specifically, the physical resource block index 
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, the orthogonal sequence index 
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, and the cyclic shift  
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 for both data and DM-RS regions of the first and second slots are determined from 
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 are slot number and  symbol number, respectively. 
If the similar channel selection scheme to LTE Release 8 TDD ACK/NACK multiplexing method with channel selection is to be used for FDD ACK/NACK transmission in CA, multiple resources for PUCCH design should be allocated to a UE and only one resource among them has to be activated. Therefore, the channel selection scheme maintains single carrier property and the same UE transmission power as LTE Release 8. Table 1 shows the PUCCH format 1a/1b design method according to LTE Release 8 principle when multiple resources are allocated to a UE for CA.
If 
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 multiple resource indexes 
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 are allocated to a UE and the PUCCH is designed by the LTE Release 8 principle, there are 
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 possible PUCCHs. Therefore, by the combination of the selection of one activated PUCCH among 
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 possible PUCCHs and QPSK symbol mapping, 
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 ACK/NACK states can be expressed by the channel selection scheme. Since there are 
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 states for ACK/NACK symbols of 
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 downlink CCs, even just for 2 downlink CCs (
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), 6 resource indexes should be allocated to the UE and it wastes too many resources.
Table 1 Format 1a/1b PUCCH design using Rel-8 principle in CA
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In Section 3, we propose two new channel selection schemes combined with new PUCCH channel design method that require smaller number of resources for ACK/NACK transmission in CA.

3. Proposed Channel Selection Schemes
3.1. Scheme 1: slot-level selection
Fig. 1 shows the PUCCH design method in the proposed slot-level channel selection scheme. If 
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 resource indexes are allocated to a UE, there are 
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 available resources per each slot. By choosing one of them in each slot, there can be 
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 possible PUCCH design methods. Therefore, by the combination of the selection of one activated PUCCH among them and QPSK symbol mapping, 
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 states can be expressed. Therefore, for 2 DL CCs (4 ACK/NACK bits in maximum), just 3 resource indexes need to be allocated to a UE. If the bundling of NACK and DTX is considered, just 2 resource indexes need to be allocated to the UE.
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Fig. 1 Proposed slot-level PUCCH design and channel selection scheme
3.2. Scheme 2: sequence-level selection scheme
In order to more reduce the number of required resources in the channel selection scheme, the sequence-level selection scheme can be used. When 
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 resource indexes are allocated for ACK/NACK transmission, there are also 
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 available resources in the DM-RS region of each slot as well as in the data region. By choosing one of them in each DM-RS region and also one of them in each data region, 
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 states can be represented. If QPSK modulation is employed, 
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 states can be represented using the sequence-level channel selection scheme. 

3.3. Comparison of the number of the required resources
Tables 2 and 3 show the number of the required resources in each scheme when NACK/DTX bundling is used or not. From the Table 2, it can be shown that the sequence-level channel selection scheme requires only 2 and 3 resources for 2 and 3 DL CCs, respectively, when NACK/DTX bundling is not used. However, LTE Release 8 PUCCH design based channel selection scheme requires 6 resources even for 2 DL CC case. From the Table 3, the proposed two schemes require only 2 resources for 2 DL CC case when NACK/DTX bundling is used while LTE Release 8 PUCCH design based channel selection scheme needs 4 resources.
Table 2 Number of the required resources in each scheme when NACK/DTX bundling is not used
	# of DL CC
	# of required states (
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	Slot-level channel selection 
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	Sequence-level channel selection 
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Table 3 Number of the required resources in each scheme when NACK/DTX bundling is used
	# of DL CC
	# of required states (
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4. Conclusion
In this contribution, we proposed two channel selection schemes: slot-level and sequence-level channel selection schemes. The proposed schemes require smaller number of resources for ACK/NACK transmission in CA compared with the LTE Release 8 PUCCH design based channel selection scheme. The proposed sequence-level channel selection scheme requires just 2 and 3 resources for ACK/NACK transmission in 2 and 3 DL CC cases, respectively, while LTE Release 8 PUCCH design based channel selection scheme requires 6 and 31 resources, respectively.
Proposal: When the number of DL CCs is small (for example, 2 or 3), one of the proposed channel selection schemes can be used for ACK/NACK transmission in CA in order to reduce the required ACK/NACK resource overhead.
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