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1. Introduction  
In RAN1 #62 meeting, some design criteria for mapping table were agreed as follow:

· 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

In this contribution, we show our views on mapping table for format 1b with channel selection.
2. Proposed mapping tables
In the email reflector, we proposed to use the following mapping tables for format 1b with channel selection for M=2,3,4 respectively.
Table 1 mapping table for M=2

	HARQ-ACK(0), HARQ-ACK(1)
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PUCCH

n


	b(0) b(1)

	N, N
	0
	00

	A, N
	1
	10

	N, A
	1
	01

	A, A
	0
	11


Table 2 mapping table for M=3
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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PUCCH

n


	b(0) b(1)

	N, N, N
	2
	00

	N, N, A
	0
	00

	N, A, N
	2
	01

	N, A, A
	1
	01

	A, N, N
	1
	10

	A, N,A
	2
	10

	A, A, N
	0
	11

	A, A, A
	2
	11


Table 3 mapping table for M=4

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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PUCCH

n


	b(0) b(1)

	N, N, N, N
	2
	00

	N, N, N, A
	3
	00

	N, N, A, N
	0
	00

	N, N, A, A
	0
	10

	N, A, N, N
	2
	01

	N, A, N, A
	3
	01

	N, A, A, N
	1
	01

	N, A, A, A
	1
	11

	A, N, N, N
	1
	00

	A, N, N, A
	1
	10

	A, N, A, N
	3
	10

	A, N, A, A
	2
	10

	A, A, N, N
	0
	01

	A, A, N, A
	0
	11

	A, A, A, N
	3
	11

	A, A, A, A
	2
	11


The mapping table mentioned above can be depicted as Figure 1.
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Figure 1 constellation mapping for 2, 3, 4 AN bits
The main property of the proposed mapping table is that the most distant constellations are mapped to the most distinct code words, which helps to achieve equalization of individual ACK/NACK bit performance. In addition, the mapping table can also solve the ambiguity problem during DL CC reconfiguration. It can be observed in Figure 1 clearly that for the same PUCCH index and QPSK symbol in different mapping tables, the ACK/NACK states in the first k bits are the same. This property helps to solve the ambiguity problem. For example, the DL CC reconfiguration is from 3 CCs to 2 CCs, in the ambiguous period, UE may use M= 2 to transmit A/N while the eNB still use M =3 to detect the A/N bits. Since the eNB knows the actual CCs being scheduled, the eNB will only consider the first two detected AN bits as valid states, which are - same regardless of which mapping table is used for detection.
However, explicit PUCCH resource allocation is required for the proposed mapping tables. Hence, the proposed mapping tables above mainly target on performance equalization and ambiguity handling.
3. Alternative mapping tables optimized for 2DL CC. 
There are at most two CCs to be aggregated in R10. For the most typical 2 DL CC configurations:

· The mapping table of M=2 is applicable in case of both DL CCs are configured in SIMO transmission mode. 

· The mapping table of M=3 is applicable in case of one DL CCs is configured in SIMO transmission mode and the other is in MIMO mode. 

· The mapping table of M=4 is applicable in case of both DL CCs are configured in MIMO transmission mode.

Considering those typical configurations, we would like to provide alternative mapping tables for format 1b with channel selection to optimize the performance for 2 DL CC case with respect to the following aspect:

· Implicit Rel-8 resource utilization if cross carrier scheduling is from Pcell.
· Required SNR to meet ACK/NAK performance requirements
· Scheduling restriction avoidance in some special case, e.g. MIMO mode falls back to single antenna mode.
Firstly, if RAN1 agrees on implicit Rel-8 resource utilization in case of Pcell scheduling for channel selection, the mapping tables should be adjusted accordingly such that the reception of the PDSCH whose PDCCH implicitly gives the PUCCH resource on which the corresponding A/N feedback state is mapped shall not be DTX or NACK (if DTX is treated as NACK). For example, the feedback state of {ACK, ACK, NACK} should not be transmitted using 
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Secondly, Gray mapping of the ACK/NACK code words to QPSK constellation is considered to achieve better detection performance. That is, there is only one different state in the neighboring constellation points.  
Thirdly, we take one special case into account. It is possible that the CC is configured in MIMO transmission mode, but there is only 1 CW being scheduling in the current subframe, e.g. dynamically falls back to single antenna mode. In such case, whether the PDCCH is still required to have at least two CCEs to derive the PUCCH resource for the second CW may need further discussion. We think there is no any need to have such restriction. Therefore, if the 2 feedback states in {ACK, NACK, ACK} are corresponding to the two CWs of one CC, the state of {ACK, NACK, ACK} should also not be transmitted using 
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 since this resource may not be available in the special case mentioned above. 
Taking the above aspects into account, we provide alternative mapping tables to optimize the performance for 2 DL CC case, which is shown in Table 4~6.
Table 4 mapping table for M=2

	HARQ-ACK(0), HARQ-ACK(1)
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PUCCH

n


	b(0) b(1)

	N, N/D
	0
	00

	A, N/D
	0
	11

	N/D, A
	1
	01

	A, A
	1
	10


Table 5 mapping table for M=3

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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PUCCH

n


	b(0) b(1)

	N, N/D, N/D1

	0
	00

	N, A, N/D
	0
	01

	A, N/D, N/D
	0
	10

	A, A, N/D
	0
	11

	N, A, A
	1
	01

	A, A, A
	1
	10

	A, N/D,A
	2
	10

	N/D, N/D, A
	2
	11

	N/D,N/D,N

	2
	00


Table 6 mapping table for M=4

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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PUCCH

n


	b(0) b(1)

	A,A, N/D, N/D
	0
	11

	N, N/D, N/D, N/D
	0
	00

	A, N/D, N/D, N/D
	0
	10

	N, A, N/D, N/D
	0
	01

	A,A,A,A
	1
	11

	N,A,A,N/D
	1
	00

	A, A, A, N/D
	1
	10

	N, A, A, A
	1
	01

	A, N/D, A,A
	2
	11

	N/D, N/D, A,N/D
	2
	00

	A, N/D, A,N/D
	2
	10

	N/D, N/D, A,A
	2
	01

	A, A, N,A
	3
	10

	N/D, N/D, N, A
	3
	01

	A, N/D, N,A
	3
	11

	N, A, N, A
	3
	00


· Note: For the mapping table of M=3, HARQ-ACK(0) and HARQ-ACK(1) are corresponding to the CC in MIMO transmission mode. 

· For the special case mentioned above, i.e. the CC is configured in MIMO transmission mode, but it is only 1 CW being scheduling for the current subframe. The ACK/NACK for the received CW is mapped to the first HARQ-ACK of the two HARQ-ACKs corresponding to the CC and the second HARQ-ACK is set to DTX or NACK. Therefore, we may not have the states of {DTX, ACK, X,X} and may have {ACK, NACK/DTX, X, X}.
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Figure 2 Constellation mapping for 2, 3, 4 AN bits
4. Conclusions 
In this contribution, we provide two sets of mapping tables for forma 1b with channel selection. Either is considerable.



















































� The state is used for Pcell with 2-CW transmission only


� The state is used for Pcell with 1-CW transmission only
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