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1. Introduction

In the previous RAN1#68bis meeting, the following was concluded on TxD for PUCCH format 1b with channel selection after discussion and observation [1]. 

Conclusion:
Continue discussion. Supporting companies of the common solution (SORTD) are tasked to bring a complete solution in the next RAN1 meeting.

In this contribution, based on the conclusion above, we propose TxD scheme for PUCCH format 1b with channel selection in Rel-11, and also suggest relevant PUCCH resource allocation according to FDD/TDD cases and self/cross-CC scheduling. 
2. TxD scheme for channel selection
With observation on contributions, proposals, and related discussions so far, first of all, it is obviously necessary to support TxD for PUCCH format 1b with channel selection in Rel-11 from completeness of RAN1 specification (in aspect of completely supporting TxD mode for all the existing PUCCH ACK/NACK transmission schemes) perspective. In addition, regarding commonality between FDD and TDD with various M values as well as implementation complexity at UE side, it seems be reasonable to introduce SORTD as a single TxD scheme for PUCCH format 1b with channel selection in Rel-11. 
Proposal 1: SORTD is introduced as a single TxD scheme for PUCCH format 1b with channel selection in Rel-11.

3. PUCCH resource allocation for SORTD 
Regarding current non-TxD based FDD/TDD channel selection mapping table in Rel-10, ACK/NACK state-to-PUCCH resource mapping is done in order to make utilization of implicit PUCCH resource (linked to PDCCH) possible. Thus, it is desirable from resource utilization perspective that implicit PUCCH resources (at least same amount as in non-TxD case) are largely used in SORTD case as well, as long as amount of those could be acceptable. 
In this section, two possible alternatives on PUCCH resource allocation for SORTD based channel selection are provided according to FDD/TDD with M=1 as well as self/cross-CC scheduling. Note here that a single solution could only be considered for PUCCH resource allocation in case of TDD with M>1 and TDD with non-CA. 
3.1. SORTD resource allocation for FDD and TDD with M=1

For easy explanation, notation of PUCCH resource used in the alternatives below can be summarized as the following.
IMP: implicit PUCCH resource linked to 1st CCE index (nCCE) of PDCCH scheduling Pcell

IMP+k: implicit PUCCH resource linked to (nCCE+k) derived from PDCCH scheduling Pcell
IMS: implicit PUCCH resource linked to 1st CCE index (nCCE) of PDCCH scheduling Scell

IMS+k: implicit PUCCH resource linked to (nCCE+k) derived from PDCCH scheduling Scell

EXARI: explicit PUCCH resource determined by ARI signalled via PDCCH scheduling Scell

Alt 1) only 2 implicit PUCCH resources derived from a PDCCH
In this case, the number of implicit PUCCH resources derived from a PDCCH is limited to 2. With this principle and notation above, PUCCH resource allocation according to maximum TBs configured for each CC as well as self/cross-CC scheduling can be explained with Tables 1 and 2 as below. Note that resource allocation manner for implicit/explicit PUCCH is a bit different between FDD and TDD since ACK/NACK state-to-PUCCH resource mapping (in particular, in case of Pcell only reception) was differently designed between FDD and TDD as well. More specifically, for the CC configured with maximum 2TBs, 2 implicit PUCCHs are allocated to 2 antennas for 1st resource of each CC in FDD case while 2 implicit PUCCHs are allocated to 1st antenna for 2 resources of each CC in TDD case.
Table 1: Alt 1 for SORTD resource allocation (for FDD case)

	Cross/self
	Pcell + Scell
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	Cross-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	EXARI
	IMS
	EXARI

	
	
	TX #2
	IMP+1
	EXARI
	IMS+1
	EXARI

	
	2TB + 1TB
	TX #1
	IMP
	EXARI
	IMS
	

	
	
	TX #2
	IMP+1
	EXARI
	IMS+1
	

	
	1TB + 2TB
	TX #1
	IMS
	EXARI
	IMP
	

	
	
	TX #2
	IMS+1
	EXARI
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	IMS
	
	

	
	
	TX #2
	IMP+1
	IMS+1
	
	

	Self-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	EXARI
	EXARI
	EXARI

	
	
	TX #2
	IMP+1
	EXARI
	EXARI
	EXARI

	
	2TB + 1TB
	TX #1
	IMP
	EXARI
	EXARI
	

	
	
	TX #2
	IMP+1
	EXARI
	EXARI
	

	
	1TB + 2TB
	TX #1
	EXARI
	EXARI
	IMP
	

	
	
	TX #2
	EXARI
	EXARI
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	EXARI
	
	

	
	
	TX #2
	IMP+1
	EXARI
	
	


Table 2: Alt 1 for SORTD resource allocation (for TDD with M=1)

	Cross/self
	Pcell + Scell
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	Cross-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	IMP+1
	IMS
	IMS+1

	
	
	TX #2
	EXARI
	EXARI
	EXARI
	EXARI

	
	2TB + 1TB
	TX #1
	IMP
	IMP+1
	IMS
	

	
	
	TX #2
	EXARI
	EXARI
	IMS+1
	

	
	1TB + 2TB
	TX #1
	IMS
	IMS+1
	IMP
	

	
	
	TX #2
	EXARI
	EXARI
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	IMS
	
	

	
	
	TX #2
	IMP+1
	IMS+1
	
	

	Self-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	IMP+1
	EXARI
	EXARI

	
	
	TX #2
	EXARI
	EXARI
	EXARI
	EXARI

	
	2TB + 1TB
	TX #1
	IMP
	IMP+1
	EXARI
	

	
	
	TX #2
	EXARI
	EXARI
	EXARI
	

	
	1TB + 2TB
	TX #1
	EXARI
	EXARI
	IMP
	

	
	
	TX #2
	EXARI
	EXARI
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	EXARI
	
	

	
	
	TX #2
	IMP+1
	EXARI
	
	


Based on Tables 1 and 2 above, observation on this Alt 1 can be briefly summarized as below.
■ Pros: 

▪ Amount of implicit PUCCH resources derived from a single PDCCH is always limited in maximum to 2 as in Rel-10 for all the cases. It would be reasonable from PDCCH scheduling restriction perspective. 
■ Cons: 
▪ In case of TDD with 2TB configured Pcell, fallback to single antenna port might be necessary in case of Pcell only reception. However, it would be possible to be compensated since BPSK detection for Pcell fallback A/N states is applicable over 2 resources for TX #1 from eNB side. 
Alt 2) 2 or 4 implicit PUCCH resources derived from a PDCCH 

In this case, the number of implicit PUCCH resources derived from a PDCCH is extended up to 4. With this principle and notation above, PUCCH resource allocation according to maximum TBs configured for each CC as well as self/cross-CC scheduling can be explained with Table 3 as below. Unlike the previous Alt 1 above, common resource allocation manner for implicit/explicit PUCCH is applied between FDD and TDD in this approach, by allowing derivation of more implicit PUCCH resources from a single PDCCH. By doing so, there can be no critical reason to consider difference in terms of ACK/NACK state-to-PUCCH resource mapping as well as differentiate SORTD resource allocation between FDD and TDD.
Table 3: Alt 2 for SORTD resource allocation (both for FDD and TDD with M=1)

	Cross/self
	Pcell + Scell
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	Cross-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	IMP+1
	IMS
	IMS+1

	
	
	TX #2
	IMP+2
	IMP+3
	IMS+2
	IMS+3

	
	2TB + 1TB
	TX #1
	IMP
	IMP+1
	IMS
	

	
	
	TX #2
	IMP+2
	IMP+3
	IMS+1
	

	
	1TB + 2TB
	TX #1
	IMS
	IMS+1
	IMP
	

	
	
	TX #2
	IMS+2
	IMS+3
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	IMS
	
	

	
	
	TX #2
	IMP+1
	IMS+1
	
	

	Self-CC scheduling
	2TB + 2TB
	TX #1
	IMP
	IMP+1
	EXARI
	EXARI

	
	
	TX #2
	IMP+2
	IMP+3
	EXARI
	EXARI

	
	2TB + 1TB
	TX #1
	IMP
	IMP+1
	EXARI
	

	
	
	TX #2
	IMP+2
	IMP+3
	EXARI
	

	
	1TB + 2TB
	TX #1
	EXARI
	EXARI
	IMP
	

	
	
	TX #2
	EXARI
	EXARI
	IMP+1
	

	
	1TB + 1TB
	TX #1
	IMP
	EXARI
	
	

	
	
	TX #2
	IMP+1
	EXARI
	
	


Based on Tables 3 above, observation on this Alt 2 can be briefly summarized as below.

■ Pros: 

▪ Single resource allocation is applicable for both FDD and TDD.
▪ Fallback to single antenna port could be avoided for all the cases.

▪ Scell scheduling might be supportable without resource ambiguity even during reconfiguration for SORTD on/off by keeping the same operation for first antenna port.
▪ implicit resources linked to CCEs occupied by UL grant might be utilized
■ Cons: 

▪ PDCCH (CCE) blocking might be increased in order to extract more implicit PUCCH resources derived from a single PDCCH. 
Since both alternatives have their own pros and cons, we recommend to decide between two alternatives carefully considering overall aspects of PUCCH resource utilization, PDCCH scheduling restriction, etc. 
Proposal 2: For the cases of FDD and TDD with M=1, determine Alt 1 (with Tables 1 and 2) or Alt 2 (with Table 3) as SORTD resource allocation.

3.2. SORTD resource allocation for TDD with M>1 and TDD with non-CA
For easy explanation, notation of PUCCH resource additionally used in these cases can be summarized as the following.

IMPSk: implicit PUCCH resource linked to nCCE of PDCCH scheduling k-th subframe in Pcell

IMPSk+1: implicit PUCCH resource linked to (nCCE+1) of PDCCH scheduling k-th subframe in Pcell

IMPDk: implicit PUCCH resource linked to nCCE of PDCCH scheduling Pcell with DAI=k 

IMPDk+1: implicit PUCCH resource linked to (nCCE+1) of PDCCH scheduling Pcell with DAI=k 

IMSSk: implicit PUCCH resource linked to nCCE of PDCCH scheduling k-th subframe in Scell

IMSSk+1: implicit PUCCH resource linked to (nCCE+1) of PDCCH scheduling k-th subframe in Scell

IMSDk: implicit PUCCH resource linked to nCCE of PDCCH scheduling Scell with DAI=k 

IMSDk+1: implicit PUCCH resource linked to (nCCE+1) of PDCCH scheduling Scell with DAI=k 

Tables 4 and 5 provide SORTD resource allocation for TDD with M>1 and TDD with non-CA, respectively. Note here that same resource allocation is applicable for M=3 or 4, and self-CC scheduling is only considered in non-CA case. As observed, it seems be very natural way to adopt Tables 4 and 5 as SORTD resource allocation for the cases of TDD with M>1 and TDD with non-CA.
Table 4: SORTD resource allocation (for TDD with M>1)

	Value of M
	Cross/self
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	M = 2
	Cross
	TX #1
	IMPS1
	IMPS2
	IMSS1
	IMSS2

	
	
	TX #2
	IMPS1+1
	IMPS2+1
	IMSS1+1
	IMSS2+1

	
	Self
	TX #1
	IMPS1
	IMPS2
	EXARI
	EXARI

	
	
	TX #2
	IMPS1+1
	IMPS2+1
	EXARI
	EXARI

	M = 3 or 4
	Cross
	TX #1
	IMPD1
	IMPD2
	IMSD1
	IMSD2

	
	
	TX #2
	IMPD1+1
	IMPD2+1
	IMSD1+1
	IMSD2+1

	
	Self
	TX #1
	IMPD1
	IMPD2
	EXARI
	EXARI

	
	
	TX #2
	IMPD1+1
	IMPD2+1
	EXARI
	EXARI


Table 5: SORTD resource allocation (for TDD with non-CA)

	Value of M
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	M = 4
	TX #1
	IMPS1
	IMPS2
	IMPS3
	IMPS4

	
	TX #2
	IMPS1+1
	IMPS2+1
	IMPS3+1
	IMPS4+1

	M = 3
	TX #1
	IMPS1
	IMPS2
	IMPS3
	

	
	TX #2
	IMPS1+1
	IMPS2+1
	IMPS3+1
	

	M = 2
	TX #1
	IMPS1
	IMPS2
	
	

	
	TX #2
	IMPS1+1
	IMPS2+1
	
	


Proposal 3: For the cases of TDD with M>1 and TDD with non-CA, Tables 4 and 5 are applied as SORTD resource allocation.

4. Summary
We suggest TxD scheme for PUCCH format 1b with channel selection and relevant PUCCH resource allocation method according to FDD/TDD with various M values as well as self/cross-CC scheduling. Finally, we propose: 

Proposal 1: SORTD is introduced as a single TxD scheme for PUCCH format 1b with channel selection in Rel-11.

Proposal 2: For the cases of FDD and TDD with M=1, determine Alt 1 (with Tables 1 and 2) or Alt 2 (with Table 3) as SORTD resource allocation.

Proposal 3: For the cases of TDD with M>1 and TDD with non-CA, Tables 4 and 5 are applied as SORTD resource allocation.
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