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1. Introduction

In RAN1#62bis, the ACK/NACK bundling methods and the resource allocation were discussed for LTE-A TDD. The following proposals were agreed [1]

 REF _Ref276749938 \n \h 
[2]:

· Resource allocation of PUCCH format 3
· 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.
Although the WF can be applied to FDD case, the details for TDD on resource allocation for PUCCH format 3 have not been discussed yet.

In the e-mail discussion of ‘[64-06-LTE-A] and [64-07-LTE-A]’ after RAN1 #64, the following proposals were agreed for TDD PUCCH format 3:

· 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.
· Also, if a UE receives PDCCH with DL DAI > 1 and DCI format 3/3A in the same subframe, the intended behaviour is that TPC in DCI format 3/3A applies.

In summary, it was agreed that PUCCH format 3 is supported for single configured cell by RRC configuration for the UE supporting PUCCH format 3. The resource allocation for PUCCH format 3 in single configured cell was also agreed. On the other hands, a further detail for resource allocation is still open particularly on PDCCH transmission with DL DAI = 1 in conjunction with SPS PDSCH transmission for an ACK/NACK feedback. 
In this contribution, we discuss;
· Further refinement of resource allocation for TDD PUCCH format 3 in single configured cell particularly on PDCCH transmission with DL DAI=1 in conjunction with SPS PDSCH transmission for an ACK/NACK feedback, and
· Details on resource allocation for TDD PUCCH format 3 in carrier aggregation
2. Resource Allocation for TDD PUCCH Format 3 in Single Configured Cell
The current agreement of resource allocation for TDD PUCCH format 3 in single configured cell is to use TPCs for DL DAI>1 as ARIs to indicate used PUCCH resource. Therefore, when a UE receives a SPS PDSCH only or a PDCCH with DL DAI = 1 only in a given serving cell, the UE shall use Rel-8 PUCCH resource for A/N transmission.

However, in case that a UE receives both a SPS PDSCH and a PDCCH with DL DAI = 1 and without PDCCH with DAI > 1, the UE cannot know the PUCCH resource to be used since there is no ARI available. To address this issue for the case, we discuss the following two options as follows. It is noted that the discussing options have additional feature to which we agreed as discussed in chapter 1 regarding on resource allocation for PUCCH format 3.
· Option 1: Using PUCCH format 3

· For the case that there is a SPS PDSCH in a given bundling window, the UE shall assume the TPC field in a PDCCH with DL DAI = 1 is also used as ARI.

· The UE can transmit A/N bits using PUCCH format 3.
< Pros >
· The A/N bits can be transmitted without loss of A/N information (i.e., Without bundling).

< Cons >
· PUCCH power control may be negatively affected since there is no actual TPC command in this case.
· Option 2: Using channel selection with M = 2

· For the case that a UE receives a SPS PDSCH and a PDCCH with DL DAI = 1 only and without PDCCH(s) with DL DAI > 1, the UE shall transmit the A/N response by channel selection for M = 2 with applying spatial bundling for the PDCCH with DL DAI = 1.
· The UE transmits two A/N bits using channel selection with Rel-8 implicit resource allocation, but new Rel-10 TDD mapping table [3] shall be used.

· For the case that Rel-8 TDD mapping table is used for this case, there may be an ambiguity between SPS PDSCH + PDCCH (w. DAI = 1) and SPS PDSCH only or between SPS PDSCH + PDCCH (w. DAI = 1) and PDCCH (w. DAI = 1) only due to the nature of mapping table.

· On applying resource allocation for channel selection, the value of 
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 is determined according to SPS PUCCH resource (i.e., Higher layer configuration and Table 9.2-2 in TS36.213) and the value of 
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 is determined from CCE index of PDCCH. Also, HARQ-ACK(0) is the ACK/NACK/DTX response for the SPS PDSCH transmission.
· To avoid the ambiguity case that a UE missed a PDCCH with DAI = 1.
< Pros >
· The TPC field with DL DAI = 1 can be used for actual PUCCH power control.

< Cons >
· The loss of A/N bits by spatial bundling for the PDCCH with DAI = 1 can happen in MIMO cell.

Based on the above discussions, Option 1 is preferred due to no loss of A/N information while a critical issue is not foreseen from power control perspective. For example, the PUCCH power control can be assisted by using format 3/3A and another opportunity for power control would be possible in another bundling window due to the fact that the SPS periodicity is relatively large as much as tens of ms typically.
Proposal 1 : For the case that there is a SPS PDSCH in a given bundling window, the UE shall assume the TPC field in a PDCCH with DL DAI = 1 is also used as ARI. (Option 1)
3. Resource Allocation for TDD PUCCH format 3 in CA
We may have the following two alternatives on resource allocation for TDD PUCCH format 3 in CA;
· Alt 1: Reusing resource allocation for FDD PUCCH format 3 in CA

· The TPC fields on the PCell are used for TPC command and the TPC fields on the SCells are used for ARI.

· When a UE receives SPS PDSCH or PDCCH(s) only on the PCell, Rel-8 A/N bundling is used.

· Alt 2: Reusing resource allocation for TDD PUCCH format 3 in non-CA (as seen in chapter 2)

· If there is no SPS PDSCH, the TPC field with DAI = 1 only on the PCell is used for TPC command and all the other TPC fields on the PCell and SCells are used for ARIs. Otherwise, all TPC fields on the PCell and SCells are used for ARIs.
· The UE shall assume all ARIs have the same value.

· When a UE only receives a SPS PDSCH or a PDCCH with DL DAI = 1 on the PCell only, Rel-8 PUCCH format 1a/1b is used.

Considering that the scheduling may prioritize the PCell, the PCell only scheduling is likely to happen. When the scheduling happens on the PCell only, Alt 1 would result in A/N information loss due to bundling operation. This is somewhat contradictory to the motivation to introduce the PUCCH format 3 to transmit individual A/N as much as possible. On the other hands, Alt 2 is preferred due to the fact that the loss of A/N information can be avoided even on the PCell only scheduling case. In addition, the specification efforts can be minimized due to the commonality between CA and non-CA cases.
Proposal 2 : The same  resource allocation for non-CA as for CA is also applied (Alt 2).
4. Conclusion

In this contribution, 
Proposal 1 : For the case that there is a SPS PDSCH in a given bundling window, the UE shall assume the TPC field in a PDCCH with DL DAI = 1 is also used as ARI. (Option 1)
Proposal 2 : The same  resource allocation for non-CA as for CA is also applied (Alt 2).

Exact text proposals for Option 1 in case of one configured cell and Alt 2 in case of more than one configured cell are provided in the Annex A.
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10.1.3.1
TDD HARQ-ACK procedure for one configured serving cell 
….

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4
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For TDD HARQ-ACK multiplexing and sub-frame 
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· If there is a single PDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) 
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 with the DAI value in the PDCCH equal to ‘1’, or a PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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 with the DAI value in the PDCCH equal to ‘1’,  the UE shall use PUCCH format 1a/1b and PUCCH resource 
[image: image32.wmf])

,

1

(

PUCCH

p

n

 with 
[image: image33.wmf](

)

0

(1,)

(1)

PUCCHCCEPUCCH

1

pp

c

nMNnN

=

=-×++

 for antenna port 
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, where 
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 is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI assignment in subframe 
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· If there is a single PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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 and no PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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, 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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, otherwise, the PUCCH resource value maps to a single PUCCH resource 
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· Otherwise,
· The UE shall use PUCCH format 3 and PUCCH resource 
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 is determined according to higher layer configuration and Table 10.1.2.2.2-1.In case of there is a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments within subframe(s) 
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. In case of there is no PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs with DL DAI > 1 shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments with DL DAI > 1 subframe(s) 
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· For PUCCH format 3 and PUCCH resource 
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 and a UE configured for two antenna port transmission, a PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource 
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[Modify the following sentences in the 10.1.3.2.2]

10.1.3.2.2
PUCCH format 3 HARQ-ACK procedure
For TDD HARQ-ACK multiplexing and sub-frame 
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 and more than one configured serving cell and PUCCH format 3, where 
[image: image77.wmf]M

 is the number of elements in the set 
[image: image78.wmf]K

 defined in Table 10.1.3.1-1, the UE shall use PUCCH resource 
[image: image79.wmf])

,

3

(

PUCCH

p

n

 or 
[image: image80.wmf])

,

1

(

PUCCH

p

n

 for transmission of HARQ-ACK in subframe 
[image: image81.wmf]n

 on antenna port p where 

· for PDSCH transmission only on the primary cell within subframe(s) 
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or a PDCCH indicating downlink SPS release (defined in section 9.2) only on the primary cell within subframe(s) 
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· If there is a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH within subframe(s) 
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 with the DAI value in the PDCCH equal to ‘1’ on the primary cell, or a PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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 with the DAI value in the PDCCH equal to ‘1’ on the primary cell,  the UE shall use PUCCH format 1a/1b and PUCCH resource 
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 for antenna port 
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 is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI assignment in subframe 
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· If there is a single PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected within subframe(s) 
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 and no PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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, the UE shall use PUCCH format 1a/1b and PUCCH resource 
[image: image111.wmf])

,

1

(

PUCCH

p

n

 with the value of 
[image: image112.wmf])

,

1

(

PUCCH

p

n

 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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 and the second PUCCH resource 
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· Otherwise,
· The UE shall use PUCCH format 3 and PUCCH resource 
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 is determined according to higher layer configuration and Table 10.1.2.2.2-1.In case of there is a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments within subframe(s) 
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. In case of there is no PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs with DL DAI > 1 on the primary cell and corresponding all PDCCHs on the secondary cell(s) shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments with DL DAI > 1 on the primary cell and corresponding all PDCCH assignments on the secondary cell(s) within subframe(s) 
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· for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH within subframe(s) 
[image: image147.wmf]k

n

-

, where 
[image: image148.wmf]K

k

Î

, 
· the UE shall use PUCCH format 3 and PUCCH resource 
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 is determined according to higher layer configuration and Table 10.1.2.2.2-1. In case of there is a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs on the primary cell and secondary cell(s) shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments corresponding to primary cell and secondary cell(s) within subframe(s) 
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. In case of there is no PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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, the TPC field in the DCI format of the corresponding all PDCCHs with DL DAI > 1 on the primary cell and corresponding all PDCCHs on the secondary cell(s) shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1 and a UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments with DL DAI > 1 on the primary cell and corresponding all PDCCH assignments on the secondary cell(s) within subframe(s) 
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· For PUCCH format 3 and PUCCH resource 
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 and a UE configured for two antenna port transmission, a PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource 
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 and the second PUCCH resource 
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, otherwise, the PUCCH resource value maps to a single PUCCH resource 
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