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1. Introduction

In RAN1#62bis and #63, the ACK/NACK bundling methods and the resource allocation were discussed for LTE-A TDD. The following proposals were agreed for TDD [1][2][3][4]:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· PUCCH Format 3 Mode 2 is not supported in Rel-10.
· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Mode b supports only 2 CCs
· Spatial bundling is applied if the number of A/N bits to be indicated would be >4

· Time domain bundling is used if the number of A/N bits to be indicated after spatial bundling would be >4
· 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.
In this document, we discuss the usage of PUCCH format 3 for TDD in a single configured CC. Also, the common resource allocation both for mode 1 and for single configured CC using PUCCH format 3 is provided.
2. Usage of PUCCH Format 3
In Rel-8/9 TDD, two A/N transmission methods are defined. One is A/N bundling and the other is A/N multiplexing (ie. Channel selection). The multiple A/N bits are bundled with logical AND operation per transport block in A/N bundling and the multiple A/N bits after spatial bundling are used in A/N multiplexing. Hence, there is no way to make full individual A/N bits without loss of DL throughput when transmission modes with 2 codewords are configured.

In Rel-10 TDD, with carrier aggregation, the individual A/N bits can be transmitted by using PUCCH format 3. On the assumption of two configured CCs, full A/N bits without any bundling except TDD UL-DL configuration 5, can be transmitted by PUCCH format 3. For TDD UL-DL configuration 5, the spatial bundling will be necessary to make the A/N bits no more than 20 A/N bits.

To introduce PUCCH format 3 in single configured CC will provide flexibility for a network to enhance DL throughput. Also, it seems somewhat unbalanced that there is no way in single configured CC while it is possible in carrier aggregation. It means that the network should configure multiple carriers if it wants to enjoy individual A/N bits without bundling schemes. Therefore, it is natural to introduce PUCCH format 3 for TDD also in single configured CC.
Proposal 1: Usage of PUCCH Format 3 in Non-CA Environment
· The PUCCH Format 3 is used for non-CA environment.
3. Resource Allocation for PUCCH Format 3
In this chapter, we provide a common resource allocation both in CA and in non-CA.
Considering backward compatibility, it seems natural that the DAI is used as pure-counter per Cell like Rel-8 TDD. Moreover, in recent agreement for channel selection mode b in e-mail discussion, it was agreed that the DAI is used as pure-counter. Also, the pure-counter will be beneficial for commonality and for A/N on PUSCH using UL DAI similar to Rel-8 TDD.
Proposal 2: Definition of DL DAI

· DL DAI is defined as pure counter as in Rel-8/9 TDD.
With pure-counter of DL DAI, we have the following two options of resource allocation for TDD PUCCH format 3;
· Option 1: 

· All TPC fields on PCell are used as real TPCs.

· All TPC fields on SCells are used as ARI.
· All ARIs shall be the same.
· Option 2:
· The TPC field on PCell with 
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 is used as real TPC.

· All the other TPC fields on PCell and SCells are used as ARI.
· All ARIs shall be the same.
For both options, four explicit resources are configured for a UE and the ARI indicates which resource is used for A/N transmission by PUCCH format 3. 
As for Option 1, when the PDSCHs are received on PCell only, either of Rel-8 A/N bundling or A/N multiplexing should be applied due to absence of ARI to be used for PUCCH format 3. In this case, some A/N information will be lost from either time or spatial bundling. Also, if PUCCH format 3 is also used in single configured CC, another resource allocation for that would be necessary.

With Option 2, when a single PDSCH or SPS PDCCH are received on PCell only with 
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, a UE transmits A/N with PUCCH format 1a/1b, in which it can maintain full A/N information feedback as much as possible without increased resource overhead for all cases. On the other hands, since the TPC fields of DL subframes on PCell other than the subframe with 
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 are used as ARI, the accumulative power control for PUCCH may not be possible. However, considering that there is no accumulative power control within a feedback of A/N instance in FDD (including CA), it may be expected that the impact not using accumulative power control on PUCCH might not be critical. In addition, the common resource allocation both for mode 1 and for single configured CC will be possible with this approach.
Considering the trade-off between full A/N feedback and accumulative power control, we prefer Option 2.

Proposal 3: Resource Allocation for mode 1 and for single configured CC (if introduced) in TDD

· Option 2 is used.

· The TPC field on PCell with 
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 is used as real TPC.

· All the other TPC fields on PCell and SCells are used as ARI.

· All ARIs shall be the same.
In the following, we go through the detail of resource allocation with Option 2. An example is illustrated in Figure 1. The proposed details for ARI/DAI/TPC usages and used PUCCH formats using PUCCH format 3 considering the reconfiguration handling (ie. PUCCH format 1a/1b adaptation as in FDD) and the absence of ARI are as following;

· ARI usage

· A UE is configured by four PUCCH resources and ARI indicates one of them for PUCCH format 3.

· DAI usage

· Pure counter per Cell as in Rel-8 TDD. 
· TPC usage

· In case at least one SPS-PDSCH is transmitted on PCell, all the TPC fields are used as ARI. 
· Otherwise, the TPC filed with 
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 on PCell is used as real TPC and all the other TPC fields both on PCell and SCells are used as ARI.
· Used PUCCH formats

· In case of a single SPS-PDSCH in PCell only reception, a single PDSCH with PDCCH with 
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 in PCell only reception, or a single SPS-release PDCCH with 
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 in PCell only reception,
· Rel-8 PUCCH format 1a/1b is used.

· Otherwise,

· PUCCH format 3 with ARI is used.
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Figure 1. The usage of DAI and TPC as ARI
4. Conclusion

In this contribution, we discussed the usage of PUCCH format 3 and its resource allocation for TDD. Based on the discussions in the paper, our proposals are summarized as follows;

Proposal 1: Usage of PUCCH Format 3 in Non-CA Environment

· The PUCCH Format 3 is used for non-CA environment.
Proposal 2: Definition of DL DAI

· DL DAI is defined as pure counter as in Rel-8/9 TDD.

Proposal 3: Resource Allocation for mode 1 and for single configured CC (if introduced) in TDD

· Option 2 is used.

· The TPC field on PCell with 
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 is used as real TPC.

· All the other TPC fields on PCell and SCells are used as ARI.

· All ARIs shall be the same.
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