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1 Introduction
In this contribution, we discuss the TDD ACK/NACK fallback mode when PUCCH format 3 is configured for multiple ACK/NACK transmission.
2 For non-carrier aggregation case

During the email discussion after RAN1 #64, the followings were agreed:

· If a UE supports PUCCH format 3, it can be configured to use PUCCH format 3 when it is configured with a single cell in a TDD system, for all TDD UL-DL configurations 

· TPC field (2-bit) in the PDCCH with DL DAI = 1 is used as TPC command 

· TPC field (2-bit) in the PDCCH with DL DAI > 1 is used as ARI. UE shall assume the same ARI value in all PDCCHs with DL DAI > 1 

· If a UE only receives a PDCCH with DL DAI = 1, Rel-8 PUCCH format 1a/1b resource is used 

· If a UE only receives a SPS PDSCH without a corresponding PDCCH, Rel-8 SPS PUCCH format 1a/1b resource is used

It is noted that the case where a UE receives a PDCCH with DL DAI = 1 and a SPS PDSCH has not been considered. For this case, since there is no ARI for PUCCH format 3 resource indication, the UE needs to transmit multiple ACK/NACK bits using PUCCH format 1a/1b resources. The following two options can be considered:
Option 1: ACK/NACK bundling

ACK/NACK bundling is performed per codeword or per subframe, and the bundled ACK/NACKs are transmitted on the PUCCH format 1a/1b resource corresponding to the PDCCH with DL DAI = 1. 
Option 2: ACK/NACK multiplexing with Rel-10 mapping table
For the DL transmission modes that support at most one transport block, channel selection with Rel-10 mapping table for A = 2 is used, as shown in Table 1. For the SPS PDSCH, the ACK/NACK response corresponds to HARQ-ACK(0) and the SPS PUCCH resource corresponds to 
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. For the PDCCH with DL DAI = 1, the ACK/NACK response corresponds to HARQ-ACK(1) and the implicit PUCCH format 1a/1b resource corresponds to 
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Table 1:  Transmission of ACK/NACK multiplexing for A = 2

	SPS PDSCH
	PDCCH with DL DAI = 1
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For the DL transmission modes that support up to two transport blocks, channel selection with Rel-10 TDD mapping table for A = 3 is used, as shown in Table 2. For the SPS PDSCH, the ACK/NACK response corresponds to HARQ-ACK(0) and the SPS PUCCH resource corresponds to 
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. For the PDCCH with DL DAI = 1, the ACK/NACK response of the first transport block corresponds to HARQ-ACK(1) and the ACK/NACK response of the second transport block corresponds to HARQ-ACK(2). The PUCCH resource 
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Table 2:  Transmission of ACK/NACK multiplexing for A = 3
	SPS PDSCH
	TB 1 with DAI = 1
	TB 2 with DAI = 1
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The above proposal using mapping tables of A=2 and A=3 can avoid the error case where the PDCCH with DL DAI = 1 is lost by the UE. If the eNB schedules a SPS PDSCH and a PDCCH with DAI = 1, and the UE only receive a SPS PDSCH, the UE will transmit d(0) = -1 for ACK or d(0) = 1 for NACK on the SPS PUCCH resource. When the eNB performs the detection according to Table 1 or 2, the eNB would be able to detect the corresponding states sent by the UE. It is noted that the Rel-8 mapping table cannot be used, since the Rel-8 mapping table does not support implicit fall back to PUCCH format 1a.
Compared to Option 1, the transmission efficiency of Option 2 is higher. Therefore, we propose option 2 should be used as the fallback mode for PUCCH format 3 for UEs configured with a single DL cell. 
3 For carrier aggregation case

In RAN1 #62bis meeting, the following conclusions for PUCCH format 3 resource allocation with carrier aggregation were made:

· TPC field in the PDCCH corresponding to PDSCH on PCell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on SCell is used as ARI.
· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
For FDD, if DL assignment is only received on PCell, 1 or 2 ACK/NACK bits will be transmitted by PUCCH format 1a/1b as in Rel-8. However, for TDD, in a subframe 
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defined in Table 10.1.3.1-1 in TS36.213, multiple ACK/NACK bits needs to be transmitted even with DL assignments received only on PCell. Therefore, ACK/NACK transmission scheme without PDCCH corresponding to PDSCH on SCells needs to be defined.
For a Rel-10 TDD UE, three ACK/NACK feedback modes with Rel-8 PUCCH 1a/1b resource can be used as fallback mode for PUCCH format 3 when no PDCCH corresponding to PDSCH on SCells is received, i.e. 
· ACK/NACK bundling,
· ACK/NACK multiplexing, and 
· Channel selection. 
Additionally, based on current RAN1 agreement, PUCCH format 3 is supported for single cell transmission in TDD. Then, PUCCH format 3 may also be considered as a fallback mode candidate. For a UE configured with multiple cells and PUCCH format 3 for ACK/NAK transmission, one of the above schemes should be configured by eNB, and such configuration is necessary when the UE is configured with a single cell. In case there is no PDCCH corresponding to PDSCH on SCells:
· If ACK/NACK bundling or ACK/NACK multiplexing is configured, UE shall operate as Rel-8 ACK/NACK feedback procedure.
· If channel selection is configured, UE shall operate as Rel-8 ACK/NACK multiplexing procedure with Rel-10 mapping tables.

· If PUCCH format 3 is configured for single cell, UE shall use the PUCCH format 3 resource indicated by ARI to transmit ACK/NACK when PDCCH with DL DAI > 1 is received; otherwise, UE shall use PUCCH format 1a/1b resource to transmit ACK/NACK as in the non-carrier aggregation case discussed in section 2.

It is noted that in order to support PUCCH format 3 as the fall back ACK/NACK transmission scheme when the UE only receives PDSCH on PCell, the following conditions shall apply for UEs configured with PUCCH format 3 for ACK/NACK transmission and multiple cells:

· The agreement on ‘If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used’ in RAN1 62bis needs to be revised, where PUCCH format 3 resource can be used in this case.
· The agreement on “TPC field in the PDCCH corresponding to PDSCH on PCell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on SCell is used as ARI” needs to be revised, where only the TPC field in the PDCCH corresponding to PCell with DL DAI = 1 is used as TPC.
· The TPC field in the PDCCH corresponding to SCell and PDCCH with DL DAI > 1 corresponding to PCell is used as ARI. 

· The UE shall assume that the same ARI value in PDCCHs corresponding to SCell and PDCCHs with DL DAI > 1 corresponding to PCell.
· During cell reconfiguration, eNB shall schedule at most a PDCCH with DAI = 1 on PCell; otherwise,  ambiguity of the ACK/NACK codebook size can occur between eNB and UE, if PUCCH format 3 is used for ACK/NAK transmission during cell reconfiguration. The corresponding UE behavior during cell reconfiguration is
· If a UE only receives a SPS PDSCH or a PDCCH corresponding to PCell with DL DAI = 1, PUCCH format 1a/1b is used.

· If a UE receives a SPS PDSCH and a PDCCH corresponding to PCell with DL DAI = 1, Option 2 in section 2 is used.
With the above observation, our current preference is that for a UE configured with DL CA and PUCCH format 3, in case there is no PDCCH corresponding to PDSCH on SCell, one of the following three Rel-8 PUCCH format 1a/1b based schemes shall be used, per RAN1 #62bis agreements:
· ACK/NACK bundling

· ACK/NACK multiplexing

· Channel selection
4 Conclusion

In this contribution, we discuss the TDD ACK/NACK fallback mode when PUCCH format 3 is configured for multiple ACK/NACK transmission, with the following proposals:
Proposal 1: For a TDD UE configured with a single DL cell and PUCCH format 3, if the UE only receives a SPS PDSCH and a PDCCH with DAI = 1, the UE shall perform channel selection with the Rel-10 TDD mapping table with A = 2 or 3 for ACK/NACK transmission.

· For the SPS PDSCH,
·  The ACK/NACK response corresponds to HARQ-ACK(0).

·  The SPS PUCCH resource corresponds to 
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· For the PDCCH with DL DAI = 1, 
· The ACK/NACK response of the first transport block corresponds to HARQ-ACK(1) and the ACK/NACK response of the second transport block corresponds to HARQ-ACK(2).

·  The PUCCH resource 
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, used for transmission of the corresponding DCI, and the PUCCH resource 
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Proposal 2: For a UE configured with DL CA and PUCCH format 3, in case there is no PDCCH corresponding to PDSCH on SCell, the UE is configured by higher layers to use one of the following schemes for ACK/NAK transmission
· ACK/NACK bundling

· ACK/NACK multiplexing

· Channel selection
A corresponding draft CR is provided in the Appendix.
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10.1.3.1  
TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports 
[image: image35.wmf]])

,

[

(

1

0

p

p

p

Î

 is supported for PUCCH format 1a/1b with TDD HARQ-ACK bundling feedback mode.
For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with 
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 defined in Table 10.1.3.1-1, the UE shall use PUCCH resource 
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 on antenna port p for PUCCH format 1a/1b, where

· If there is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating downlink SPS release within subframe(s) 
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 depending on the subframe n and the UL-DL configuration (defined in Table 4.2-2 in [3]), the UE first selects a 
[image: image45.wmf]c

 value out of {0, 1, 2, 3} which makes 
[image: image46.wmf]1

CCE

+

<

£

c

c

N

n

N

 and shall use 
[image: image47.wmf](1)

PUCCH

CCE

1

)

,

1

(

PUCCH

)

1

(

0

N

n

N

m

N

m

M

n

c

c

p

p

+

+

×

+

×

-

-

=

+

=

 for antenna port 
[image: image48.wmf]0

p

p

=

, where 
[image: image49.wmf](1)

PUCCH

N

 is configured by higher layers, 
[image: image50.wmf]ë

û

{

}

36

/

)]

4

(

[

,

0

max

RB

sc

DL

RB

-

×

×

=

c

N

N

N

c

, and 
[image: image51.wmf]CCE

n

 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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 value out of {0, 1, 2, 3} is chosen which makes 
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· If there is only a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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 is defined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b and PUCCH resource 
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 is determined according to higher layer configuration and Table 9.2-2.  For a UE configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource 
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Table 10.1.3.1-1: Downlink association set index
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For TDD HARQ-ACK multiplexing and sub-frame 
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· For a PDSCH transmission or a PDCCH indicating downlink SPS release in sub-frame 
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· For a PDSCH transmission where there is not a corresponding PDCCH detected in subframe 
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Based on higher layer signalling a UE configured with a single serving cell will either perform channel selection either according to the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.  For the selected table set indicated by higher layer signaling, the UE shall transmit 
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For TDD and a UE configured with a single serving cell and PUCCH format 3 for HARQ-ACK transmission, 
· In case the UE only receives a PDSCH or a PDCCH indicating downlink SPS release by the detection of a corresponding PDCCH with the DAI value equal to ‘1’ within the subframe(s) 
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· In case the UE only receives a PDSCH where there is not a corresponding PDCCH detected in subframe 
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· In case the UE only receives a PDSCH or a PDCCH indicating downlink SPS release by the detection of a corresponding PDCCH with the DAI value equal to ‘1’ and a PDSCH without a corresponding PDCCH detected within the subframe(s) 
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. For a UE configured with transmission mode {3, 4, 8, 9}, the PUCCH resource 
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· HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first transport block of the PDSCH or the PDCCH indicating downlink SPS release by the detection of a corresponding PDCCH with the DAI value equal to ‘1’. HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the PDSCH corresponding to the PDCCH with the DAI value equal to ‘1’.
· In case the UE receives PDSCH or PDCCH indicating downlink SPS release by the detection of a corresponding PDCCH with the DAI value larger than ‘1’ within the subframe(s) 
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Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2
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Table 10.1.3-3: Transmission of HARQ-ACKmultiplexing for M = 3
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M = 4
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Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M = 2
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Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3
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Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4
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