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1. Introduction

In RAN1#69 meeting, following agreements were achieved on TxD for PUCCH format 1b with channel selection in Rel-11, based on online discussion [1][2]. 

	Agreement:

· SORTD based PUCCH TxD is adopted for format 1b channel selection in Rel-11.

· Strive for a simple solution that involves minimum spec change

· PUCCH Resource Allocation

· For Antenna port 0, the resource allocation of PUCCH format 1b with channel selection Transmit Diversity equals the one of Rel-10, i.e.

· Port 1 resource allocation method is one of the following three alternatives, to be decided in the next meeting

· Alt 1: For antenna port 1, the resources are explicitly RRC configured

· Alt 2: For antenna port 1, the resources used on antenna port 1 are:

· 
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for implicit resources when MIMO is configured for FDD and TDD M=1

· 
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· Alt 3: For antenna port 1, the resources used on antenna port 1 are:

· 
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· Spatial bundling for 3 or 4 bits case


In this contribution, based on the agreements above, we discuss and suggest remaining details on TxD (SORTD) resource allocation for PUCCH format 1b with channel selection, according to FDD/TDD cases and self/cross-CC scheduling. 
2. PUCCH resource allocation for SORTD 
Among three possible candidates on PUCCH resource allocation for antenna port 1 (i.e. AP #1) in the agreements from RAN1#69, first of all, Alt 3 based on spatial bundling doesn’t seems be a reasonable solution since throughput degradation would be expected and flexibility on reconfiguration (CA to non-CA, and vice versa) might be reduced for 2-TB configured Pcell, compared to the non-TxD case due to spatial bundling operation. Besides, operation on AP #0 according to TM configured for Pcell and Scell would be different from the non-TxD case, which is not aligned with original motivation of agreement on keeping AP #0 operation in Rel-10.
For this reason, two possible solutions based on Alt 1 and Alt 2 in the agreements above are provided in this section in order for SORTD resource allocation in case of FDD/TDD with M=1 according to 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. 
2.1. 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

EXRRC: fixed explicit PUCCH resource not determined by ARI from PDCCH scheduling Scell
(1) Alt 1 based solution
In this solution, the number of implicit PUCCH resources derived from a single PDCCH is limited to 2. With this principle and notation above, PUCCH resource allocation according to maximum TBs configured for each cell as well as self/cross-CC scheduling can be explained with Table 1 as below. Note that explicit PUCCH resource in yellow mark 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. More specifically, in yellow mark, explicit resource EXARI determined by ARI is allocated for the case of FDD while fixed explicit resource EXRRC not determined by ARI is allocated for the case of TDD with M=1. Furthermore, it could be reasonable that explicit PUCCH resource in blue mark is replaced by unused implicit PUCCH resource IMP+1 or IMS+1 as long as up to two implicit PUCCH resources derived from a single PDCCH is allowable. 
Table 1: SORTD resource allocation based on Alt 1
	Cross/self
	Pcell + Scell
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	Cross-CC scheduling
	2TB + 2TB
	AP #0
	IMP
	IMP+1
	IMS
	IMS+1

	
	
	AP #1
	EXRRC
	EXARI/RRC
	EXARI
	EXARI

	
	2TB + 1TB
	AP #0
	IMP
	IMP+1
	IMS
	

	
	
	AP #1
	EXRRC
	EXARI/RRC
	EXARI(IMS+1)
	

	
	1TB + 2TB
	AP #0
	IMS
	IMS+1
	IMP
	

	
	
	AP #1
	EXARI
	EXARI
	EXRRC(IMP+1)
	

	
	1TB + 1TB
	AP #0
	IMP
	IMS
	
	

	
	
	AP #1
	EXRRC(IMP+1)
	EXARI(IMS+1)
	
	

	Self-CC scheduling
	2TB + 2TB
	AP #0
	IMP
	IMP+1
	EXARI
	EXARI

	
	
	AP #1
	EXRRC
	EXARI/RRC
	EXARI
	EXARI

	
	2TB + 1TB
	AP #0
	IMP
	IMP+1
	EXARI
	

	
	
	AP #1
	EXRRC
	EXARI/RRC
	EXARI
	

	
	1TB + 2TB
	AP #0
	EXARI
	EXARI
	IMP
	

	
	
	AP #1
	EXARI
	EXARI
	EXRRC(IMP+1)
	

	
	1TB + 1TB
	AP #0
	IMP
	EXARI
	
	

	
	
	AP #1
	EXRRC(IMP+1)
	EXARI
	
	


Based on Table 1 above, observation on this Alt 1 based solution for SORTD resource allocation 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: 
▪ Fixed explicit PUCCH resource not determined by ARI is to be allocated for some cases. It is not aligned with existing ACK/NACK resource management.
* It should be noted that Alt1 based solution in this paper is modified from original Alt1 agreed in RAN1#69, while the second implicit resource derived from PDCCH for 1TB cell cannot be utilized in the original Alt1..
(2) Alt 2 based solution 

In this solution, the number of implicit PUCCH resources derived from a single PDCCH is extended up to 4. With this principle and notation above, PUCCH resource allocation according to maximum TBs configured for each cell as well as self/cross-CC scheduling can be explained with Table 2 as below. Unlike in the Alt 1 based solution above, explicit PUCCH resource can be determined by ARI in all the cases in this approach, by allowing derivation of more implicit PUCCH resources from a single PDCCH. By doing so, there can be no reason to consider difference in terms of ACK/NACK state-to-PUCCH resource mapping as well as differentiate explicit PUCCH resource between FDD and TDD.
Table 2: SORTD resource allocation based on Alt 2
	Cross/self
	Pcell + Scell
	SORTD pair
	PUCCH0
	PUCCH1
	PUCCH2
	PUCCH3

	Cross-CC scheduling
	2TB + 2TB
	AP #0
	IMP
	IMP+1
	IMS
	IMS+1

	
	
	AP #1
	IMP+2
	IMP+3
	IMS+2
	IMS+3

	
	2TB + 1TB
	AP #0
	IMP
	IMP+1
	IMS
	

	
	
	AP #1
	IMP+2
	IMP+3
	IMS+1
	

	
	1TB + 2TB
	AP #0
	IMS
	IMS+1
	IMP
	

	
	
	AP #1
	IMS+2
	IMS+3
	IMP+1
	

	
	1TB + 1TB
	AP #0
	IMP
	IMS
	
	

	
	
	AP #1
	IMP+1
	IMS+1
	
	

	Self-CC scheduling
	2TB + 2TB
	AP #0
	IMP
	IMP+1
	EXARI
	EXARI

	
	
	AP #1
	IMP+2
	IMP+3
	EXARI
	EXARI

	
	2TB + 1TB
	AP #0
	IMP
	IMP+1
	EXARI
	

	
	
	AP #1
	IMP+2
	IMP+3
	EXARI
	

	
	1TB + 2TB
	AP #0
	EXARI
	EXARI
	IMP
	

	
	
	AP #1
	EXARI
	EXARI
	IMP+1
	

	
	1TB + 1TB
	AP #0
	IMP
	EXARI
	
	

	
	
	AP #1
	IMP+1
	EXARI
	
	


Based on Table 2 above, observation on this Alt 2 based solution for SORTD resource allocation can be briefly summarized as below.
■ Pros: 

▪ Explicit PUCCH resource allocated for all the cases can be determined by ARI in both FDD and TDD cases. 
▪ 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 solutions have their own pros and cons, we recommend to decide between two solutions carefully considering overall aspects of PUCCH resource utilization, PDCCH scheduling restriction, etc. 
Proposal 1: For the cases of FDD and TDD with M=1, decide Alt 1 based solution (with Table 1) or Alt 2 based solution (with Table 2) as SORTD resource allocation.

2.2. 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 3 and 4 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 3 and 4 as SORTD resource allocation for the cases of TDD with M>1 and TDD with non-CA.
Table 3: 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 4: 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 2: For the cases of TDD with M>1 and TDD with non-CA, Tables 3 and 4 are applied as SORTD resource allocation.
3. Summary
We suggest remaining details on SORTD resource allocation for PUCCH format 1b with channel selection in Rel-11 according to FDD/TDD with various M values as well as self/cross-CC scheduling. Finally, we propose: 
Proposal 1: For the cases of FDD and TDD with M=1, decide Alt 1 based solution (with Table 1) or Alt 2 based solution (with Table 2) as SORTD resource allocation.
Proposal 2: For the cases of TDD with M>1 and TDD with non-CA, Tables 3 and 4 are applied as SORTD resource allocation.
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