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1. Introduction

At the RAN1#62 meeting, the followings were agreed for ACK/NAK multiplexing for CA.
· One mapping table for each of 2, 3, or 4 bits

· Possibly 1 mapping table with nested property for bit range of 2 – 4

· 2/3/4 PUCCH format 1a/1b resources for 2/3/4 bits, respectively

· Mapping table design shall optimize the performance for 2 CCs, wrt

· Required SNR to meet ACK/NAK performance requirements

· Implicit Rel-8 resource utilization

· Ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance will be considered. 
· Overlapping states shall be avoided

Regarding the agreement, we propose the ACK/NAK (A/N) mapping tables for PUCCH format 1b with channel selection for CA in this contribution.  The simulation results and the comparison of the tables proposed by Panasonic, NTT DOCOMO, LG Electronics, Qualcomm, Huawei, Nokia, Samsung, CATT and ZTE in R1-105477 [1].
2. Proposed Mapping Table for Rel. 10 Channel Selection
Figures 1(a), 1(b) and 1(c) show the proposed mappings for 2, 3 and 4 A/N bits respectively.  We also show the proposed mappings with a table format in Tables 1(a), 1(b) and 1(c).
The tables we propose have the following properties, and we also designed them with the prioritization in the following order.

(1) support of fully implicit resource indication
(2) support of Rel-8/9 fallback
(3) equalization of individual ACK/NAK bit performance by improving the worst ACK/NAK bit performance, as well as enhancing the average performance
2.1. Two ACK/NAK-bit mapping table

In figure 1(a), PUCCH resource 1 is implicitly signalled and linked to CCE (n_CCE) used for carrying DL assignment for PCell data. PUCCH resource 2 is implicitly signalled and linked to CCE (n_CCE’) used for carrying DL assignment for SCell data (or can be explicitly signalled by RRC signalling).

To support Rel-8/9 PUCCH format 1a (refer to figure 2(a)), the ACK/DTX (A/D) state (ACK for b0 which is a result of PCell data reception, and DTX for b1 which is a result of SCell data reception) is mapped onto “–1” and the NAK/DTX (N/D) state is mapped onto “+1” in PUCCH resource 1.

Considering that BPSK mapping has better ACK/NAK bit performance than QPSK mapping, we think BPSK mapping should be a baseline. The DTX/NAK (D/N) state is not transmitted in order for limiting to BPSK mapping.  Therefore, the mapping does not tell NAK from DTX.

2.2. Three ACK/NAK-bit mapping table

In figure 1(b), when PCell is configured to SDM, PUCCH resources 1 and 2 are implicitly signalled and linked to CCE (n_CCE and n_CCE+1, respectively) used for carrying DL assignment for PCell data. PUCCH resource 3 is implicitly signalled and linked to CCE (n_CCE’) used for carrying DL assignment for SCell data (or explicitly signalled by RRC).  
When PCell is configured to non-SDM, PUCCH resource 3 is implicitly signalled and linked to CCE (n_CCE) used for carrying DL assignment for PCell data.  PUCCH resources 1 and 2 are implicitly signalled and linked to CCE (n_CCE’ and n_CCE’+1, respectively) used for carrying DL assignment for SCell data (or can be explicitly signalled by RRC signalling).

To support Rel-8/9 PUCCH format 1b (refer to figure 2(b)), the ACK/ACK/DTX (A/A/D) state is mapped onto “–1” and the NAK/NAK/DTX (N/N/D) state is mapped onto “+1” in PUCCH resource 1.  In addition, to support Rel-8/9 PUCCH format 1a (refer to figure 2(a)), the DTX/DTX/ACK (D/D/A) state is mapped onto “–1” and the DTX/DTX/NAK (D/D/N) state is mapped onto “+1” in PUCCH resource 3.
The mapping in figure 1(b) is also designed to improve the worst ACK and NAK bit performance.  We assume that difference of ACK-to-NAK ratio in a PUCCH resource makes different ACK and NAK bit performance.  Especially the ratio of 4:0 (or 0:4) and the ratio of the others (namely 3:1, 2:2 or 1:3) in QPSK constellation in a PUCCH resource make difference in performance.  This is because the ratio of the others depends on the constellation while the ratio of 4:0 (or 0:4) does not.  Hence, when designing the mapping table, we consider, for each bit, balancing the number of PUCCH resource which satisfies the ACK-to-NAK ratio of 4:0 (or 0:4).
2.3. Four ACK/NAK-bit mapping table

In figure 1(c), PUCCH resources 1 and 2 are implicitly signalled and linked to CCE (n_CCE and n_CCE+1, respectively) used for carrying DL assignment for PCell data.  PUCCH resources 3 and 4 are implicitly signalled and linked to CCE (n_CCE’ and n_CCE’+1, respectively) used for carrying DL assignment for SCell data (or explicitly signalled by RRC).

To support Rel-8/9 PUCCH format 1b (refer to figure 2(b)), the A/A/D/D state is mapped onto “–1” and the N/N/D/D state is mapped onto “+1” in PUCCH resource 1.
The mapping in figure 1(c) is also designed to improve the worst ACK and NAK bit performance, as discussed in Subsection 2.2.
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(a) 2 A/N-bit mapping
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(b) 3 A/N-bit mapping
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(c) 4 A/N-bit mapping
Figure 1    Proposed mappings for 2, 3 and 4 A/N bits
Table 1    Proposed mapping tables for 2, 3 and 4 A/N bits
 (a)    2 A/N-bit mapping table
	PCell
	SCell
	PUCCH resource

	
	
	1
	2

	A
	A
	
	–1

	A
	N
	–1
	

	N
	A
	
	1

	N
	N
	1
	

	D
	A
	
	1

	D
	N
	No transmission

	A
	D
	–1
	

	N
	D
	1
	

	D
	D
	No transmission


(b)    3 A/N-bit mapping table
	SDM Cell
	non-
SDM Cell
	PUCCH resource

	
	
	1
	2
	3

	A,A
	A
	
	–1
	

	A,N
	A
	
	j
	

	N,A
	A
	
	–j
	

	N,N
	A
	
	
	–1

	A,A
	N
	–1
	
	

	A,N
	N
	j
	
	

	N,A
	N
	–j
	
	

	N,N
	N
	
	
	1

	A,A
	D
	–1
	
	

	A,N
	D
	j
	
	

	N,A
	D
	–j
	
	

	N,N
	D
	1
	
	

	D,D
	A
	
	
	–1

	D,D
	N
	
	
	1

	D,D
	D
	No transmission


(c)    4 A/N-bit mapping table
	PCell
	SCell
	PUCCH resource

	
	
	1
	2
	3
	4

	A,A
	A,A
	
	–1
	
	

	A,N
	A,A
	
	
	–j
	

	N,A
	A,A
	
	–j
	
	

	N,N
	A,A
	
	
	
	–1

	A,A
	A,N
	
	j
	
	

	A,N
	A,N
	
	
	1
	

	N,A
	A,N
	
	1
	
	

	N,N
	A,N
	
	
	
	j

	A,A
	N,A
	
	
	–1
	

	A,N
	N,A
	
	
	j
	

	N,A
	N,A
	
	
	
	–j

	N,N
	N,A
	
	
	
	1

	A,A
	N,N
	–1
	
	
	

	A,N
	N,N
	j
	
	
	

	N,A
	N,N
	–j
	
	
	

	N,N
	N,N
	1
	
	
	

	A,A
	D,D
	–1
	
	
	

	A,N
	D,D
	j
	
	
	

	N,A
	D,D
	–j
	
	
	

	N,N
	D,D
	1
	
	
	

	D,D
	A,A
	
	
	
	–1

	D,D
	A,N
	
	
	
	j

	D,D
	N,A
	
	
	
	1

	D,D
	N,N
	No transmission

	D,D
	D,D
	No transmission
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Figure 2    Mappings for Rel-8/9 PUCCH format 1a/1b
3. Discussion
At RAN1#62 meeting, the followings [4] were agreed.

· If the UE is configured for channel selection,
· PDSCH transmission on the Pcell: 
· Implicit A/N resource allocation for dynamic scheduling*

· Same as Rel-8 for SPS*



*: Working Assumptions to be confirmed after mapping table design allocation

· PDSCH transmission on the Scells: 
· For non cross-carrier scheduling or for cross-carrier scheduling from Scell
· Explicit A/N resource allocation configured by RRC

· PDCCH corresponding to PDSCH on SCell shall indicate a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s)

· For cross-carrier scheduling from Pcell, implicit A/N resource allocation
(Working assumption)
Considering the case of cross-carrier scheduling from PCell, support of fully implicit resource indication is a baseline.
According to the simulation results in [1], the performance (namely both the worst and the average SNR) degradation by supporting Rel-8/9 fallback is quite small, which is 0.3-0.4dB for two A/N bits, 0-0.3dB for three A/N bits and 0-0.1dB for four A/N bits, therefore, we propose to support Rel-8/9 fallback.

We assume equalization of individual bit performance is preferable from the system design perspective, so we designed the tables to improve the worst required SNR.  From this aspect, our proposed tables have the best performance among the proposed tables which support Rel-8/9 fallback.  In addition, from the aspect of the average SNR, our proposed tables have the best performance as well.  Therefore, we propose to apply our tables for 2/3/4 A/N-bit tables for PUCCH format 1b with channel selection for CA.
4. Conclusion

In this contribution, we proposed the ACK/NAK mapping tables for PUCCH format 1b with channel selection for CA.  From the above discussion and the evaluation in [1], we propose the followings:

Proposal1: The A/N mapping tables should support fully implicit resource indication
Proposal2: The tables should support Rel-8/9 fallback

Proposal3: Individual ACK/NAK bit performance should be equalized by improving the worst required SNR
Proposal4: Our proposed mapping tables (shown in Figure 1 and Table 1) should be applied for  2/3/4 A/N-bit tables for PUCCH format 1b with channel selection for CA
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