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1 Introduction
In RAN1#68bis, SORTD was supported as the common TxD scheme for PUCCH Format 1b with channel selection by a majority of companies and the supporting companies were tasked to bring a complete solution of SORTD in RAN1#69 [1]. 
A complete solution would comprise an ACK/NACK mapping table and its associated resource allocation. However, no new ACK/NACK mapping table design is needed as the existing SAP tables can readily be reused by trivially appending an identical signal mapping for the second antenna port. The remaining issue would thus be the resource allocation, i.e., how to do the allocation of implicit and/or explicit PUCCH resources.   
In this document, the complete solution of SORTD including ACK/NACK mapping table and the related resource allocation scheme in different cases is given. 
2 SORTD ACK/NACK mapping table
For SORTD, the same modulation symbol is transmitted on two antenna ports with orthogonal resources. In Rel-10, the ACK/NACK mapping tables for SAP PUCCH Format 1b with channel selection had been extensively discussed and they were well designed [2]. Hence the SAP ACK/NACK mapping tables can be directly extended to SORTD by adding an additional orthogonal resource for the second antenna port at each HARQ state. In this case, the property of Rel-10 ACK/NACK mapping table is completely reused for each antenna port.
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. Based on the SAP ACK/NACK mapping table, the SORTD ACK/NACK mapping table is trivially formed by using 
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, where the resources for two antenna ports at a certain HARQ state are denoted as 
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. This general method can be applied for all the existing SAP ACK/NACK mapping tables to obtain the ACK/NACK mapping tables in case of SORTD. For conciseness, only the FDD ACK/NACK mapping tables in case of SORTD are illustrated in Tables 1-3. 
Table 1: FDD 2 HARQ-ACK bits ACK/NACK mapping table in case of SORTD
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Table 2: FDD 3 HARQ-ACK bits ACK/NACK mapping table in case of SORTD
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	HARQ-ACK(2)
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Table 3: FDD 4 HARQ-ACK bits ACK/NACK mapping table in case of SORTD
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3 Resource allocation
From Tables 1-3, it can be observed that the number of required resources is 
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 depending on the number of serving cells and the transmission mode configured for each serving cell. Now, there are 
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 resources and the corresponding resource assignment for different cases is discussed separately. 
FDD 2 HARQ-ACK bits
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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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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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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	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 2 HARQ-ACK bits SORTD
Note: 
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FDD 3 HARQ-ACK bits
Table 5: Resource allocation for FDD 3 HARQ-ACK bits SORTD
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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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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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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FDD 4 HARQ-ACK bits
Table 6: Resource allocation for FDD 4 HARQ-ACK bits SORTD
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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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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	Case 1: dynamic scheduling or downlink SPS release
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Case 2: SPS
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TDD with single serving cell
Table 7: Resource allocation for TDD with single serving cell

	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
M=1 and 2 HARQ-ACK bits
Table 8: Resource allocation for TDD M=1 with 2 HARQ-ACK bits

	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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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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	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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M=1 and 3 HARQ-ACK bits
Table 9: Resource allocation for TDD M=1 with 3 HARQ-ACK bits

	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2:
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	Case 1: dynamic scheduling or downlink SPS release
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Case 2:
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	Antenna port
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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

[image: image210.wmf])

~

,

1

(

PUCCH,0

1

p

n

 is higher layer configured

	
	
[image: image211.wmf])

~

,

1

(

PUCCH,1

1

p

n


	
[image: image212.wmf])

~

,

1

(

PUCCH,1

1

p

n

 is higher layer configured
	
[image: image213.wmf])

~

,

1

(

PUCCH,1

1

p

n

 is higher layer configured

	
	
[image: image214.wmf])

~

,

1

(

PUCCH,2

1

p

n


	
[image: image215.wmf](

)

(1)

PUCCH

,

CCE1

1

)

p

~

(1,

2

,

PUCCH

1

1

1

N

n

N

m

N

m

M

n

m

c

c

+

+

+

×

+

×

-

-

=

+


	
[image: image216.wmf])
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 is indicated by the TPC bits of SCell PDCCH


M=1 and 4 HARQ-ACK bits

Table 10: Resource allocation for TDD M=1 with 4 HARQ-ACK bits
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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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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[image: image228.wmf])
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[image: image231.wmf])
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 is indicated by the TPC bits of SCell PDCCH

	Antenna port
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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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M=2 and 4 HARQ-ACK bits

Table 11: Resource allocation for TDD M=2 with 4 HARQ-ACK bits
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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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

[image: image251.wmf](

)

(1)

PUCCH

,

CCE0

1

)

p

~

(1,

0

,

PUCCH

1

0

N

n

N

m

N

m

M

n

m

c

c

+

+

×

+

×

-

-

=

+

Case 2: SPS
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[image: image258.wmf])
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[image: image261.wmf])
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 is indicated by the TPC bits of SCell PDCCH
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M>2
Table 12: Resource allocation for TDD, M>2 
	Antenna port
	Resource
	Cross-carrier scheduling from PCell
	Non-cross carrier scheduling
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	Case 1: there is SPS detected
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Case 2: there is no SPS detected
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Case 2: there is no SPS detected
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Case 2: there is not SPS detected
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Case 2: there is not SPS detected
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	Case 1: there is SPS detected
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Case 2: there is no SPS detected


[image: image306.wmf])

~

,

1

(

PUCCH,1

1

p

n

is determined by the second CCE of PCell PDCCH with DAI=2
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4 Conclusion

In this document, the SORTD ACK/NACK mapping tables and the related resource allocation scheme are given for all cases of PUCCH Format 1b with channel selection. Based on the complete solution, we propose: 
· SORTD is the TxD scheme for PUCCH Format 1b with channel selection.
· SORTD ACK/NACK mapping tables reuse the signal mapping from the SAP ACK/NACK mapping tables.
· The proposed resource allocation scheme is adopted.
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