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1 Introduction
Mode b is based on channel selection using the following mappings [1]:  

· Adopt the HARQ-ACK mapping from R1-110519 with modification for M=4 from R1-110389

· Adopt the mapping table from R1-106503
Some of the remaining issues associated with the operation of Mode b in Rel.10 include:  
· reconfiguration handling (including Rel-8 fallback)

· handling of positive SR

· handling of TDD configuration 5

Additionally, the HARQ-ACK resource allocation for Mode b needs to be specified, including the support of PUCCH resource indication (or ARI). 
This contribution addresses the previous outstanding issues regarding the overall support of Mode b.
2 Mode b Operation
Mode B fully re-uses the Rel-8 DAI in each cell. Then for each cell, the HARQ-ACK response for each PDSCH transmission or a PDCCH indicating downlink SPS release in the bundling window are ordered according to the DAI values (HARQ-ACK response for SPS PDSCH, if present, is always ordered first), and then the number of contiguous ACKs from the first HARQ-ACK response is reported. The exact mapping between HARQ-ACK responses in the bundling window and the mapped state for each cell are provided in Tables 1, 2 and 3. 
Table 1:  Mapping of HARQ-ACK states for M=2.
	For multiple (
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) A/N responses
	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell 
/ HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘A, A’
	A, A

	‘N, A’
	N/D, A

	‘A, N/D’
	A, N/D

	‘N, N/D’
	N, N/D

	‘D, any’
	D, N/D


Table 2: Mapping of HARQ-ACK states for M=3.
	For multiple (
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) A/N responses
	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell 
/ HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘A, A, A’
	A, A

	‘A, A, N/D’
	N/D, A

	‘A, N/D, any’
	A, N/D

	‘N, any, any’
	N, N/D

	‘D, any, any’
	D, N/D


Table 3:  Mapping of HARQ-ACK states for M=4.
	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell 
/ HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘A, A, A, N/D’
	A, A

	‘A, A, N/D, any’
	N/D, A

	‘A, A, A, A’
	A, N/D

	‘A, D, D, D’
	A, N/D

	‘N, any, any, any’

or ‘A, D/N, any, any except for A, D, D, D’
	N, N/D

	‘D, any, any, any’
	D, N/D


3 Remaining issues for Mode b
3.1 Handling of positive SR
Several options were captured in [1] to handle positive SR and HARQ-ACK transmission. Our preference is option 1, i.e. to reuse the Rel-8 scheme as has already been agreed for CA with FDD. That is, for a positive SR, the UE shall transmit 
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 on its assigned SR PUCCH resource using PUCCH format 1b. The value of 
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 are generated according to Table 4 from multiple ARQ-ACK responses for the 2 cells including ACK in response to PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission. The main benefit is to reuse Rel-8 scheme so as to avoid additional effort in RAN1, especially in this very late stage of LTE-A. Backward compatibility is also maintained with Option 1. 
Table 4: Mapping between multiple ACK/NACK responses and 
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	Number of ACK among multiple ACK/NACK responses of the 2 cells
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0


Proposal 1: Reuse the Rel-8 scheme for HARQ-ACK + SR transmission. 
3.2 Handling of TDD configuration 5
In Rel-8 TDD, channel selection does not support TDD configuration 5. Similarly, the first option could be no support of TDD configuration 5 for Mode b, as there is little motivation for support of channel selection for configuration 5 with multi-cell operation when there is no support for single-cell operation. 

However, if support for TDD configuration 5 must be defined, the simplest approach would be to extend the principle for M=4 to M=9. Then, following the overlapping states handling method in [3] for M=4, the mapping table for M=9 is provided in Table 5. 
Table 5: Mapping of HARQ-ACK states for M=9.
	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell 
/ HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘A, A, A, A, A, A, A, A, A’ 

Or, ‘A, A, A, A, A, A, D, D, D’ 

Or, ‘A, A, A, D, D, D, D, D, D’ 
	A, A 

	‘A, A, A, A, A, A, A, A, N/D’ 

Or, ‘A, A, A, A, A, D, D, D, D’ 

Or, ‘A, A, D, D, D, D, D, D, D’ 
	N, A 

	‘A, A, A, A, A, A, A, N/D, any’ 

Or, ‘A, A, A, A, D, D, D, D, D’ 

Or, ‘A, D, D, D, D, D, D, D, D’ 
	A, N 

	‘D, any, any, any, any, any, any, any, any’ 
	D, D 

	All other ACK/NACK responses
	N, N 


Proposal 2: TDD configuration 5 is not supported for mode b. In case such support needs to be provided, the mapping of HARQ-ACK states in Table 5 can be used.
3.3 Reconfiguration handling
For reconfiguration handling, that is, assuming UE is configured as the HARQ-ACK bundling mode for single carrier operation, the HARQ-ACK transmission when the UE is switched between single carrier mode and CA mode is considered. 
As captured in [1], the reconfiguration could be easily handled by implementation. During the reconfiguration period, the eNodeB can schedule a SIMO PDSCH transmission in the bundling window in the Pcell and then irrespective of the UE state (single carrier mode or CA mode), the UE will use the same HARQ-ACK channel and the QPSK constellation points are also common for single-carrier and CA 
Proposal 3: Reconfiguration between CA mode and single carrier mode is supported by implementation-based methods. 
3.4 HARQ-ACK resource allocation for Mode b

As was proposed in [2], implicit resource allocation should be prioritized over explicit resource allocation to reduce PUCCH overhead and improve UL throughout: 

1) For the Pcell, without SPS PDSCH, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2 respectively; otherwise, if SPS PDSCH is present, the first channel is the HARQ-ACK channel semi-statically configured for SPS and the second channel is implicitly linked to the PDCCH with DAI=1. 

2) For the Scell with cross-carrier scheduling, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2, respectively. 

3) For the Scell without non cross-carrier scheduling, the 2 channels are explicitly allocated and ARI is used to limit the overhead increase. 
Proposal 4: 
For the Pcell, without SPS PDSCH, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2 respectively; otherwise, if SPS PDSCH is present, the first channel is the HARQ-ACK channel semi-statically configured for SPS and the second channel is implicitly linked to the PDCCH with DAI=1.
For the Scell with cross-carrier scheduling, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2, respectively. 

For the Scell without non cross-carrier scheduling, the 2 channels are explicitly allocated and ARI is applied. 

3.5 Derivation of TPC/ARI information
The TPC field in PDCCH always carries the power control command with the exception of non cross-carrier scheduling in which case, since no implicit resource is available, the respective channels need to be allocated by ARI. 

For the ARI information, robust TPC and ARI signaling that avoids any negative impact on operation can be provided as: 
· The TPC field in PDCCH with DAI=1 is reused as ARI.
· The TPC field in PDCCHs with DAI>1 carry the power control command. 
Referring to the 4-bit mapping table in [4], the candidate channel linked to Scell is only possible to be selected when the 2 HARQ-ACK bits for the Scell are (A, A), (N/D, A) or (A, N/D); meanwhile, according to state mapping method in table 1, 2 and 3, the first HARQ-ACK response must be an ACK if either one from (A, A), (N/D, A) and (A, N/D) is mapped. The first HARQ-ACK response being an ACK means that the UE receives the PDCCH with DAI=1. Therefore, if the eNodeB only transmits valid ARI information in the PDCCH with DAI=1 for the Scell, the 2 candidate channels for the Scell could be indicated to UE and channel selection for Mode b is always supported. 
In other words, if the UE losses the first PDCCH with DAI=1 for the Scell, even though the UE could get ARI from some other PDCCH for the Scell with DAI>1, the ARI is useless since the generated 2 bits for the Scell are (D, N/D) according to table 1, 2 and 3, and a channel linked to the Scell is then never selected. Hence, the TPC field in the PDCCH with DAI>1 for the Scell could still provide the power control command. 

From the above analysis, transmitting ARI only in PDCCH with DAI=1 for the Scell has no negative impact on the resource allocation for Mode b while it also ensures PUCCH power control despite support of ARI. For example, even for the (unlikely) case that the eNodeB schedules the UE only on the Scell (for at least two sub-frames), power control is still supported.
Proposal 5: For the Scell without cross-carrier scheduling, the TPC field in the PDCCH with DAI=1 is reused as ARI and the TPC fields in PDCCHs with DAI>1 carry the power control command. 

4 Conclusion 
This contribution considered the remaining issues for channel selection Mode b [1] and proposes the following: 
Proposal 1: Reuse the Rel-8 scheme for ACK/NACK + SR transmission. 
Proposal 2: TDD configuration 5 is not supported for mode b. In case such support needs to be provided, the mapping of HARQ-ACK states in Table 5 can be used.
Proposal 3: Reconfiguration between CA mode and single carrier mode is supported by implementation-based methods.
Proposal 4: 
For the Pcell, without SPS PDSCH, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2 respectively; otherwise, if SPS PDSCH is present, the first channel is the HARQ-ACK channel semi-statically configured for SPS and the second channel is implicitly linked to the PDCCH with DAI=1.
For the Scell with cross-carrier scheduling, the 2 channels are implicitly linked to the PDCCH with DAI=1 and 2, respectively. 

For the Scell without non cross-carrier scheduling, the 2 channels are explicitly allocated and ARI is applied. 

Proposal 5: For the Scell without cross-carrier scheduling, the TPC field in the PDCCH with DAI=1 is reused as ARI and the TPC fields in PDCCHs with DAI>1 carry the power control command. 
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Annex A: NSN mapping table in [4]
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