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1 Introduction
In RAN1#69 meeting, considerable progress was made on transmit diversity scheme for PUCCH format 1b with channel selection. The following conclusion was reached:
· 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, we share our view on  the details of SORTD based TxD scheme , and give a complete resource allocation scheme . 
2 Transmit diversity for PUCCH format 1b with channel selection
2.1 Transmit diversity scheme
One major achievement in RAN1 69# is the agreement on SORTD based PUCCH TxD schemes. However, the devil is in the details. It seems companies have quite divergent opinions  on this issue.  Preferably, the supported SORTD scheme should be such that it is resource efficient and requires less specification effort and implementation complexity, while at the same time provides better system performance. This is true particularly given the pending time frame for Rel-11.
Based the above considerations, the use of spatial bundling is especially beneficial. The benefit of spatial bundling is the reduction of HARQ-ACK payload，which leads to simpler resource allocation scheme afterwards. Although this technique has been widely employed in Rel-10 TDD CA, doubts were subsequently raised on how severe the downlink throughput will be impacted. But from the simulation result in [1][2][3][4]，it is evident that  the performance loss caused by spatial bundling is negligible, if any. 

2.2 Resource allocation

Three alternatives for resource allocation have already been proposed in RAN1 #69 as mentioned above. When comparing these alternatives, factors such as the resource overhead, specification effort and scheduling restriction need to be considered.
For Alt1, the resources used on antenna port 1 are explicitly RRC configured; unavoidably there would be some waste of resources in some situations. For example, in case of FDD with 2 HARQ-ACK bits (for carrier scheduling), the resource of antenna port 1 for PCell and SCell can both be mapped with 
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 implicitly, which is about 100% resource overhead saving comparing to Alt1. For TDD with M > 1, the same problem exists. Therefore, from resource efficiency point of view, Alt1 is not preferred. The only benefit of Alt1 is its simplicity, only a little standard effort is needed.
For Alt2, when MIMO is configured for FDD and TDD M=1,
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 shall be used to determine the resource of two transport blocks on antenna port 1, so the eNB must make sure that the resources of 
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in PDCCH are not be used for other UEs. Obviously, it will increase the restriction and complexity of scheduling.   .  Considering the impact to downlink control signaling, Alt2 is also not preferred.
As we explained before, with spatial bundling, resource allocation can be simplified as in Alt3. At the same time, the resource overhead is the smaller compared to Alt1 and Alt2, plus there is no impact to the downlink scheduling. Also, by spatial bundling, the payload of HARQ-ACK is reduced so better link performance could be achieved. The specification effort is also small.  Therefore, we propose to use spatial bundling with SORTD, with details listed below:
In FDD:

· For 2 bits HARQ-ACK, SORTD is used;

· For 3 or 4 bits HARQ-ACK, SORTD is used after spatial bundling.

 In TDD

· For M=1, same as FDD;

· For M>1,SORTD is used;

The details of the resource allocation of Alt3 for all cases are listed in Appendix. 
3 Conclusion
In this contribution we provide our views on transmit diversity for PUCCH format 1b with channel selection. In summary, we propose the followings:
Propose1：SORTD is the transmit diversity scheme for PUCCH format1b with channel selection. For FDD and TDD M=1, with 3 or 4 HARQ-ACK bits, spatial bundling is applied before SORTD. 
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FDD
Table 1: Resource allocation for FDD with A =2
	Antenna port
	Resource
	Cross-carrier scheduling 
	Self  scheduling
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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is indicated by the TPC bits of SCell PDCCH
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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 is indicated by the TPC bits of SCell PDCCH


Note: 
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 are the numbers of the first CCE used for transmission of the corresponding PDCCH for PCell and SCell, respectively.

Table 2: Resource allocation for FDD with A=3(PCell 2TBs, SCell 1TBs)
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	NA
	spatial HARQ-ACK bundling across multiple codewords for PCell is performed before SORTD;
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is indicated by the TPC bits of SCell PDCCH
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Note: 
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Table 3: Resource allocation for FDD with A=3(SCell 2TBs, PCell 1TBs)
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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[image: image43.wmf])

~

,

1

(

PUCCH,1

0

p

n


	NA
	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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 is indicated by the TPC bits of SCell PDCCH for the Second transport block
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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Table 4: Resource allocation for FDD with A=4
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	NA
	spatial HARQ-ACK bundling across multiple codewords for PCell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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 is indicated by the TPC bits of SCell PDCCH for the Second transport block
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TDD with single serving cell

Table 5: Resource allocation for TDD with single serving cell with M>1
	Antenna port
	Resource
	Single serving cell
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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	Case 1:  dynamic scheduling or downlink SPS release
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Case 2: SPS
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TDD with more than one serving cell
Table 6: Resource allocation for TDD M=1 with A=2
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	Case 1: dynamic scheduling or downlink SPS release
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Case  2: SPS
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 is indicated by the TPC bits of SCell PDCCH
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	Case 1: dynamic scheduling or downlink SPS release
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 Case  2: SPS
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Table 7: Resource allocation for TDD M=1 with A=3(PCell 2TBs, SCell 1TBs)
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling

	
[image: image95.wmf]0

p


	
[image: image96.wmf])

~

,

1

(

PUCCH,0

0

p

n


	NA

	spatial HARQ-ACK bundling across multiple codewords for PCell is performed before SORTD;
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is indicated by the TPC bits of SCell PDCCH
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Table 8: Resource allocation for TDD M=1 with A=3(SCell 2TBs, PCell 1TBs)
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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 is indicated by the TPC bits of SCell PDCCH for the Second transport block
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	NA
	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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 are the numbers of the first CCE of PCell and SCell PDCCH, respectively.

Table 9: Resource allocation for TDD M=1 with A=4
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	spatial HARQ-ACK bundling across multiple codewords for Pcell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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	spatial HARQ-ACK bundling across multiple codewords for SCell is performed before SORTD;
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 is indicated by the TPC bits of SCell PDCCH for the first transport block
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[image: image136.wmf]1
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 is indicated by the TPC bits of SCell PDCCH for the Second transport block


Note: 
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 are the numbers of the first CCE used for transmission of the corresponding PDCCH for  PCell and SCell in subframe 
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, respectively.
Table 10: Resource allocation for TDD M=2 
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	NA
	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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is higher layer configured
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	Case 1: dynamic scheduling or downlink SPS release
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 Case 2: SPS
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[image: image149.wmf])
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 is indicated by the TPC bits of SCell PDCCH
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[image: image152.wmf])
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 is indicated by the TPC bits of SCell PDCCH
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	Case 1: dynamic scheduling or downlink SPS release
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 Case 2:SPS
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is higher layer configured
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	Case 1: dynamic scheduling or downlink SPS release
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 Case 2:SPS
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[image: image162.wmf])
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 is indicated by the TPC bits of SCell PDCCH
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[image: image165.wmf])
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 is indicated by the TPC bits of SCell PDCCH


Note: 
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and 
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 are the numbers of the first CCE of PCell PDCCH at the first and second subframes, respectively; 
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 are the numbers of the first CCE of SCell PDCCH at the first and second subframes, respectively.
Table 11: Resource allocation for TDD with M>2
	Antenna port
	Resource
	Cross-carrier scheduling
	Self scheduling
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	NA
	Case 1: there is SPS detected
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 is higher layer configured

Case 2: there is not SPS detected
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[image: image174.wmf]m
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is the first CCE of the PCell PDCCH with DAI=1
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	NA
	Case 1: there is SPS detected
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[image: image177.wmf]m
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is the first CCE of the PCell PDCCH with DAI=1
Case 2: there is no SPS detected
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[image: image179.wmf]1,
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is the first CCE of the PCell PDCCH with DAI=2
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 EMBED Equation.DSMT4  [image: image182.wmf]2,
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is the first CCE of the SCell PDCCH with DAI=1
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is indicated by the TPC bits of SCell PDCCH
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 EMBED Equation.DSMT4  [image: image186.wmf]3,
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is the first CCE of the SCell PDCCH with DAI=2
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 is indicated by the TPC bits of SCell PDCCH
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	NA
	Case 1: there is SPS detected
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is higher layer configured

Case 2: there is not SPS detected
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[image: image192.wmf]m
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is the first CCE of the PCell PDCCH with DAI=1
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	Case 1: there is SPS detected
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[image: image195.wmf]m
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is the first CCE of the PCell PDCCH with DAI=1
Case 2: there is no SPS detected
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 EMBED Equation.DSMT4  [image: image197.wmf]1,
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is the first CCE of the PCell PDCCH with DAI=2

	
	
[image: image198.wmf])

~

,

1

(

PUCCH,2

1

p

n


	
[image: image199.wmf](

)

1

(1,p)

(1)

PUCCH,21CCE2,PUCCH

11

ccm

nMmNmNnN

+

=--×+×+++

%



 EMBED Equation.DSMT4  [image: image200.wmf]2,
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is the first CCE of the SCell PDCCH with DAI=1
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 EMBED Equation.DSMT4  [image: image204.wmf]3,

CCEm

n

is the first CCE of the SCell PDCCH with DAI=2
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is the first CCE of the SCell PDCCH with DAI=2.
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