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1. Introduction
The mapping table design for PUCCH format 1b with channel selection in Rel-10 has been extensively discussed in the past RAN1 meeting. Currently, the proposals in [1] (original Panasonic tables) and [2] (NSN tables) are possible candidates for agreement. In addition, the mapping tables in [1] are extended (extended Panasonic tables) in order to achieve a common design for FDD and TDD in Rel-10. The three sets of tables are included in the Appendix for easier reference. In this contribution, we compare the three tables and show our preference.
2. PUCCH format 1b with channel selection in Rel-10
2.1. Possible use cases
PUCCH format 1b with channel selection can support up to 4 ACK/NAK bits in Rel-10, with the following use cases envisioned in Rel-10:

· Case 1: FDD with carrier aggregation

· Case 2: TDD with carrier aggregation and with time domain partial ACK/NAK bundling

· Case 3: TDD with carrier aggregation and with frequency domain partial ACK/NAK bundling

· Case 4: TDD without carrier aggregation

Among the above four possible use cases, Case 1 is supported in Rel-10. Either Case 2 or Case 3 shall be supported in Rel-10 for PUCCH format 1b with channel selection mode b. In [3], motivation and details on supporting Case 4 are discussed. In the following, we discuss the properties of the mapping tables in Appendix, in support of the above four possible use cases, as well as the corresponding resource allocation scheme.
2.2. Properties of candidate mapping tables
The original Panasonic table is designed primarily for FDD with 2 DL CCs aggregated. The proposal supports Rel-8 PUCCH format 1a/1b fallback and implicit resource allocation for PDCCH transmitted on PCell. Hence, it is deemed desirable from use Case 1 perspective. On the other hand, the original Panasonic mapping table cannot be applied for frequency domain partial bundling for TDD PUCCH format 1b with channel selection mode b, since the proposal only includes the ACK/NAK states for 2 independent PDCCHs, while frequency domain partial bundling for TDD requires more ACK/NAK states since 4 independent PDCCHs can be received in the bundling window. For the same reason, the original Panasonic mapping cannot support use Case 4, i.e. TDD without carrier aggregation.

The extended Panasonic table is equivalent to the original Panasonic mapping table, for FDD with 2 DL CCs aggregated. Therefore, all desirable properties of the original Panasonic table are inherited by the extended Panasonic table, for this particular use case of FDD with 2 CCs. In addition, all ACK/NAK states corresponding to 4 independent PDCCHs are included in the extended Panasonic table. Hence, the extended Panasonic table in theory supports TDD frequency domain partial bundling, as well as TDD non-CA scenarios. On the other hand, many of the desirable properties of the original Panasonic mapping are lost, if the extended Panasonic table is used for TDD frequency domain partial bundling and TDD non-CA scenarios. For example, resource allocation shall be explicit, since some of the ACK/NAK transmission requires a resource corresponding to DTX. In addition, fallback to Rel-8 PUCCH format 1a/1b is not supported.
The NSN table also has many of the desirable properties, such as implicit resource allocation for PDCCH on PCell, fallback to Rel-8 PUCCH format 1a, etc. In addition, the NSN table is flexible enough to support all 4 use cases in Section 2.1, which is very attractive. The only potential issue with the NSN table is that it does not support fallback to Rel-8 PUCCH format 1b. On the other hand, fallback to Rel-8 PUCCH format 1a as supported by the NSN table shall be sufficient to handle any ambiguity during RRC reconfiguration. The eNB can utilize DCI format 1A to schedule a single codeword transmission during the uncertain period of RRC reconfiguration. It is also noted that RRC reconfiguration shall not occur frequently.
Table 1 summarizes the properties of the three mapping tables. From the above discussion, it seems that the NSN mapping table supports a wider range of use cases and maintains most of the desirable properties of the original Panasonic mapping table, without any significant issues observed. The extended Panasonic mapping does not provide any meaningful additions to the original Panasonic table.
Table 1: Comparison of mapping tables in the Appendix
	Proposal
	Number of CCs
	Rel-8 1a/1b Fallback
	Implicit resource
	TDD Mode b with channel selection
	TDD Rel-10 non-CA UE

	Original Panasonic Table
	2
	Yes/Yes
	Yes
	Time
	No

	Extended Panasonic Table
	4
	No/No
	No
	Time or frequency
	No

	NSN Table
	4
	Yes/No
	Yes
	Time or frequency
	Yes


2.3. Resource allocation
In this section, we discuss resource allocation scheme for PUCCH format 1b with channel selection in Rel-10.

For FDD with 2 DL CCs, for all three mapping table proposals, implicit resource can be derived from PDCCH transmitted on PCell, in order to reduce the PUCCH format 1a/1b overhead. For non-MIMO DCI format, 1 implicit resource is derived per PDCCH. For MIMO DCI format, 2 consecutively indexed implicit resources are derived per PDCCH, with some PDCCH scheduling constraints. The resource corresponding to PDCCH transmitted on SCell can be dynamically indicated by ARI in the corresponding PDCCH. 
For TDD CA with time domain partial bundling with 2 DL CCs, the resource allocation for the three mapping table proposals can be similar. In detail, if UE only receives PDCCH/PDSCH on the PCell in the subframes within the ACK/NAK bundling window, the UE shall derive one implicit resource for each subframe and transmit the ACK/NAK bits without time domain partial bundling. Otherwise, the UE shall determine a set of PUCCH format 1b resources from the ARI in the PDCCH scheduling PDSCH on SCell, for the transmission of 2 bundled ACK/NAK feedback bits and 2 assistant bits generated according to proposal in [3]. 
For TDD CA with frequency domain partial bundling, the original Panasonic table does not apply. For the extended Panasonic table, explicit resources are required since some of the ACK/NAK states are mapped to the resource corresponding to DTX. With the NSN table, for each subframe within the bundling window, an implicit resource can be derived if PDCCH is received on PCell. Otherwise, the resource for the corresponding subframe is explicitly signaled by the ARI in PDCCH transmitted on SCell.
For TDD Rel-10 non-CA scenarios, both the original and extended Panasonic table do not apply, since only implicit resource can be used in the non-CA scenarios. The NSN table can support implicit resource derivation.
The above discussion is summarized in Table 2. 
Table 2: Summary of resource allocation for PUCCH format 1b with channel selection in Rel-10
	Proposal
	FDD with 2 DL CCs
	TDD CA time bundling with 2 DL CCs
	TDD CA CC bundling
	TDD Rel-10 non-CA UE

	Original Panasonic Table
	· Implicit resource for PDCCH on PCell

· 1 for non-MIMO DCI

· 2 for MIMO DCI

· Explicit resource for PDCCH on SCell, indicated by ARI
	· All implicit resource if PDSCH received on PCell only within the bundling window
· Otherwise, all explicit resource indicated by ARI
	N/A
	N/A

	Extended Panasonic Table
	· Implicit resource for PDCCH on PCell

· 1 for non-MIMO DCI

· 2 for MIMO DCI

· Explicit resource for PDCCH on SCell, indicated by ARI
	· All implicit resource if PDSCH received on PCell only within the bundling window
· Otherwise, all explicit resource indicated by ARI
	· All explicit resource
	N/A

	NSN Table
	· Implicit resource for PDCCH on PCell

· 1 for non-MIMO DCI

· 2 for MIMO DCI

· Explicit resource for PDCCH on SCell, indicated by ARI
	· All implicit resource if PDSCH received on PCell only within the bundling window
· Otherwise, all explicit resource indicated by ARI
	· Implicit resource for PDCCH on PCell

· 1 for each DCI

· Otherwise, explicit resource indicated by ARI for the corresponding subframe
	· All implicit resource 


3. Conclusions

In this contribution, we compare the three mapping table proposals. Our current preferences are:
· The NSN mapping table is adopted in Rel-10
· Time domain partial ACK/NAK bundling is adopted for PUCCH format 1b with channel selection mode b in Rel-10, as proposed in [3]

· The NSN mapping table can be used in Rel-10 non-CA scenarios, as proposed in [3]

· The following resource allocations are supported for different use cases
	FDD with 2 DL CCs
	TDD CA time bundling with 2 DL CCs
	TDD Rel-10 non-CA UE

	· Implicit resource for PDCCH on PCell

· 1 for non-MIMO DCI

· 2 for MIMO DCI

· Explicit resource for PDCCH on SCell, indicated by ARI
	· All implicit resource if PDSCH received on PCell only within the bundling window
· Otherwise, all explicit resource indicated by ARI
	· All implicit resource 
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5. Appendix
5.1. Original Panasonic mapping table
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


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


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


5.2. Extended Panasonic mapping table
2 A/N-bit mapping table
	A/N state
	ACK/NACK resource

	
	1
	2

	A, A
	
	–1

	A, N/D
	–1
	

	N/D, A
	
	+1

	N, N/D
	+1
	

	D, N/D
	No transmission


3 A/N-bit mapping table
	A/N state
	ACK/NACK resource

	
	1
	2
	3

	A, A, A
	
	–1
	

	A, N/D, A
	
	+j
	

	N/D, A, A
	
	–j
	

	N/D, N/D, A
	
	
	–1

	A, A, N/D
	–1
	
	

	A, N/D, N/D
	+j
	
	

	N/D, A, N/D
	–j
	
	

	N/D, N/D, N
	
	
	+1

	N/D, N/D, D
(except for D, D, D)
	+1
	
	

	D, D, D
	No transmission


4 A/N-bit mapping table
	A/N state
	ACK/NACK resource

	
	1
	2
	3
	4

	A, A, A, A
	
	–1
	
	

	A, N/D, A, A
	
	
	–j
	

	N/D, A, A, A
	
	–j
	
	

	N/D, N/D, A, A
	
	
	
	–1

	A, A, A, N/D
	
	+j
	
	

	A, N/D, A, N/D
	
	
	+1
	

	N/D, A, A, N/D
	
	+1
	
	

	N/D, N/D, A, N/D
	
	
	
	+j

	A, A, N/D, A
	
	
	–1
	

	A, N/D, N/D, A
	
	
	+j
	

	N/D, A, N/D, A
	
	
	
	–j

	N/D, N/D, N/D, A
	
	
	
	+1

	A, A, N/D, N/D
	–1
	
	
	

	A, N/D, N/D, N/D
	+j
	
	
	

	N/D, A, N/D, N/D
	–j
	
	
	

	N/D, N/D, N/D, N/D
(except for D, D, N/D, N/D)
	+1
	
	
	

	D, D, N/D, N/D
	No transmission


5.3. NSN mapping table
[image: image1.emf]PCC PCC/SCC SCC SCC PUCCH A/N resource (h#) Data

b0 b1 b2 b3 RS&Data             Const.

D N/D N/D N/D DTX  

N N/D N/D N/D h0 1

A N/D N/D N/D h0 -1

N/D A N/D N/D h1 -j

A A N/D N/D h1 j

N/D N/D A N/D h2 1

A N/D A N/D h2 j

N/D A A N/D h2 -j

A A A N/D h2 -1

N/D N/D N/D A h3 1

A N/D N/D A h0 -j

N/D A N/D A h3 j

A A N/D A h0 j

N/D N/D A A h3 -j

A N/D A A h3 -1

N/D A A A h1 1

A A A A h1 -1

2 bits

3 bits

4 bits

1 bit
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