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1. Introduction
In RAN1 #61bis, the methods for A/N multiplexing for carrier aggregation are agreed as: 
For both FDD and TDD: 
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
Channel selection for carrier aggregation in the first bullet should refer to the scheme defined in LTE TDD. However some differences are observed and described in this contribution. The detailed tables for channel selection are then proposed and analyzed, especially for 2 DL CCs.
2. Discussion
According to the discussion on CC configuration so far, UEs in the system may be configured with 2-3 UE-specific DL carriers in most scenarios although 5 DL CCs are available. It is the case with high probability that up to 4 A/N bits should be fed back. Therefore it is preferred to have full A/N feedback (one A/N for each DL CC transport block) without spatial bundling using channel selection to reduce the unnecessary retransmission.

· Proposal 1: full A/N feedback without spatial bundling is preferred for PUCCH formant 1b with channel selection.
Under such assumption, it may need more resources for selection besides the resources obtained using implicit mapping defined in the current specification [1]. Hybrid resource allocation is then proposed by some companies [2][3] for channel selection to reduce the overhead, according to the agreements attained in RAN1 #58bis: 

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on DL CC
One example of hybrid resource allocation is illustrated in Fig.1, where there are 4 available DL CCs and 2 UL CCs configured in the system. DL CC1 and CC2 are cell specifically linked with UL CC1, which means for some of the UEs in the system, the PCC pair is (DL CC1, UL CC1), while for some other UEs the PCC pair is (DL CC2, UL CC1). The same rule applies for DL CC3, CC4 and UL CC2. UL CC1 implicitly allocates PUCCH resource for DL CC1 and CC2 according to the current specification [1]. The mapping can use different higher layer configured parameter
[image: image1.wmf](1)

PUCCH

N

 defined for CC1 and CC2. 
As an example, for a specific UE in the system with PCC being DL CC1, there are 2 available resources for channel selection, if
· Data is transmitted in CC1 and CC2 and scheduled independently. Then the lowest CCEs of the PDCCH in CC1 and CC2 can be served as two available resources.
· Data is transmitted in CC1 and another CC, and is only scheduled in CC1. CC1 cross scheduled PDSCH transmitted in another CC. Then the lowest CCEs of these two PDCCH in CC1 can be served as two available resources [4]. 
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Fig. 1 PUCCH resource mapping

In these cases, the additional necessary resources should be assigned to the UE through higher layer signaling.
· Proposal 2: hybrid resource allocation for channel selection is preferred.
For up to 4 A/N bits feedback of 2 CCs, assuming the available resource is (n1, n2, n3, n4) with QPSK modulation, then the possible feedback states for PDSCH transmitted in these two CCs are listed in left side of Table 1. The feedback states of LTE TDD with DL:UL=4:1 are listed in the right side for comparison. The selected resource is the same for each designed LTE-A acknowledgement states and its corresponding LTE TDD states. One new acknowledgement state “X” is introduced to indicate that there is no such TB in this carrier. For example in index 2, the LTE-A feedback states in two CCs are designed to be (A, A, A, N/X), which include two scenarios,
· The feedback state is (A, A, A, N), which means there are 2 TBs transmitted in each DL CC.
· The feedback state is (A, A, A, X), which means there are 2 TBs in CC1 and 1 TB transmitted in CC2.
Besides, it is noted the corresponding state of (A, A, A, N/X) in LTE TDD is (A, A, A, N/D). The reason of this modification is that it is impossible for any DL CC, the acknowledgement of one of the TB is ACK or NACK, while the acknowledgement of the other TB in the same CC is DTX. This kind of criterion is also used to explain some of other states modification in this table. For example in index 16, the feedback state of LTE TDD is (N/D, N/D, N, D). This state does not exist in LTE-A according to this criterion. It can be modified to (N/D, N/D,  N, X). For the same reason, the state (N/D, N/D, N/D, N) of index 18 can be modified to (N/D, N/D, N, N). These two modified states are combined to (N/D, N/D/X, N, N/X) in the designed LTE-A index 16. Similarly, the states of index 19 and 20 for LTE TDD are modified and combined to state index 19, which is (N, N/X, D, D).

In summary, (N/D, N/D, N/D, N) in line 16 includes the following possible states,

· (N, N, N, N), two PDSCH CCs with 2TBs/CC

· (N, X, N, N), two PDSCH CCs with 1TB in CC1, 2TBs in CC2

· (N, X, N, X), two PDSCH CCs with 1TB/CC

· (D, D, N, N), one or two PDSCH CCs, with 2TBs in CC2

· (D, D, N, X), one or two PDSCH CCs, with 1TB in CC2

Since eNB retains full knowledge of CC scheduling information in the PDCCHs it sends to the UE, it can adjust the states according to the actual configurations.

· Proposal 3: some of the design criterions:

1) One new state “X” is introduced to indicate that this is no such TB in this CC. 

2) It is impossible for any DL CC, the acknowledgement of one of the TB is ACK or NACK, while the other TB in the same CC is DTX. DTX can be modified to state X.

3) eNB can adjust the states in the table for a specific UE to do channel selection.
Due to there are totally 20 feedback states defined in LTE TDD, while there are only 16 available resources, the states index 2-4 defined in LTE TDD use the same n1 and modulated symbol (1, 0) to transmit their respective states. eNB can only deduce that the feedback states for SF1 and SF2 are both ACK. The states for SF3 and SF4 cannot be distinguished.  While for index 5,9,13, eNB can only make sure that the feedback states for SF3 and SF4 are ACK. However since the total number of designed feedback states in Table 1 is 18, it is preferred to reduce the number of the repeated selection. One example is shown in Table 2, where the QPSK symbol in state index 2 is changed from (1,0) to (0,0). The symbol in state index 9 is changed from (0,1) to (1,1). Then the number of repeated selected channel for both CC1 and CC2 is reduced from 3 to 2. 
· Proposal 4: The total number of feedback states can be reduced for 2CCs to alleviate the detection ambiguity at eNB.
3. Conclusions

In this contribution, we have the following proposals for A/N multiplexing for maximum 4 bits channel selection:
· Proposal 1: full A/N feedback without spatial bundling is preferred for PUCCH formant 1b with channel selection.
· Proposal 2: hybrid resource allocation for channel selection is preferred.

· Proposal 3: some of the design criterions proposed for channel selection:

1) One new state “X” is introduced to indicate that this is no such TB in this CC. 

2) It is impossible for any DL CC, the acknowledgement of one of the TB is ACK or NACK, while the other TB in the same CC is DTX. DTX can be modified to state X.

3) eNB can adjust the states in the table UE specifically to do channel selection.

· Proposal 4: The total number of feedback states can be reduced for 2CCs to alleviate the detection ambiguity at eNB.
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Appendix
Table 1:  LTE-A 2 CCs channel selection, example 1

	
	LTE-A Acknowledgements
	channel selection
	LTE TDD Acknowledgements

	
	CC1
	CC2
	resource
	b(0),b(1)
	SF1
	SF2
	SF3
	SF4

	Id.
	ACK(0)
	ACK(1)
	ACK(2)
	ACK(3)
	
	
	ACK(0)
	ACK(1)
	ACK(2)
	ACK(3)

	1
	A
	A
	A
	A
	n1
	1,1
	A
	A
	A
	A

	2
	A
	A
	A
	N/X
	n1
	1,0
	A
	A
	A
	N/D

	3
	A
	A
	N
	A
	n1
	1,0
	A
	A
	N/D
	A

	4
	A
	A
	N/D
	N/D/X
	n1
	1,0
	A
	A
	N/D
	N/D

	5
	A
	N/X
	A
	A
	n3
	0,1
	A
	N/D
	A
	A

	6
	A
	N/X
	A
	N/X
	n2
	0,1
	A
	N/D
	A
	N/D

	7
	A
	N/X
	N
	A
	n0
	0,1
	A
	N/D
	N/D
	A

	8
	A
	N/X
	N/D
	N/D/X
	n0
	1,1
	A
	N/D
	N/D
	N/D

	9
	N
	A
	A
	A
	n3
	0,1
	N/D
	A
	A
	A

	10
	N
	A
	A
	N/X
	n2
	1,0
	N/D
	A
	A
	N/D

	11
	N
	A
	N
	A
	n3
	1,0
	N/D
	A
	N/D
	A

	12
	N
	A
	N/D
	N/D/X
	n1
	0,1
	N/D
	A
	N/D
	N/D

	13
	N/D
	N/D/X
	A
	A
	n3
	0,1
	N/D
	N/D
	A
	A

	14
	N/D
	N/D/X
	A
	N/X
	n2
	0,0
	N/D
	N/D
	A
	N/D

	15
	N/D
	N/D/X
	N
	A
	n3
	0,0
	N/D
	N/D
	N/D
	A

	16
	N/D
	N/D/X
	N
	N/X
	n2
	1,1
	N/D
	N/D
	N
	D

	17
	D
	D
	D
	D
	N/A
	N/A
	D
	D
	D
	D

	18
	　
	　
	　
	　
	n3
	1,1
	N/D
	N/D
	N/D
	N

	19
	N
	N/X
	D
	D
	n0
	1,0
	N
	D
	D
	D

	20
	　
	　
	　
	　
	n1
	0,0
	N/D
	N
	D
	D


Table 2:  LTE-A 2 CCs channel selection, example 2

	
	LTE-A Acknowledgements
	channel selection

	
	CC1
	CC2
	resource
	b(0),b(1)

	Id.
	ACK(0)
	ACK(1)
	ACK(2)
	ACK(3)
	
	

	1
	A
	A
	A
	A
	n1
	1,1

	2
	A
	A
	A
	N/X
	n1
	0,0

	3
	A
	A
	N
	A
	n1
	1,0

	4
	A
	A
	N/D
	N/D/X
	n1
	1,0

	5
	A
	N/X
	A
	A
	n3
	0,1

	6
	A
	N/X
	A
	N/X
	n2
	0,1

	7
	A
	N/X
	N
	A
	n0
	0,1

	8
	A
	N/X
	N/D
	N/D/X
	n0
	1,1

	9
	N
	A
	A
	A
	n3
	1,1

	10
	N
	A
	A
	N/X
	n2
	1,0

	11
	N
	A
	N
	A
	n3
	1,0

	12
	N
	A
	N/D
	N/D/X
	n1
	0,1

	13
	N/D
	N/D/X
	A
	A
	n3
	0,1

	14
	N/D
	N/D/X
	A
	N/X
	n2
	0,0

	15
	N/D
	N/D/X
	N
	A
	n3
	0,0

	16
	N/D
	N/D/X
	N
	N/X
	n2
	1,1

	17
	D
	D
	D
	D
	N/A
	N/A

	18
	N
	N/X
	D
	D
	n0
	1,0
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