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1. Introduction
During the previous RAN1 meeting, the methods of ACK/NACK resource allocation for PUCCH format 3 (including the case with SORTD) in FDD were discussed for LTE-A, and after RAN1#64, introduction of the PUCCH format 3 and the corresponding resource allocation scheme for single serving cell and TDD were agreed on email discussion. The following proposals shows agreed proposals for PUCCH format 3 [1].
· RAN1#62bis agreements for resource allocation of PUCCH format 3 in FDD
· 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.

· Email approval after RAN1#64 agreements for PUCCH format 3 in TDD and single carrier
· 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 behavior is that TPC in DCI format 3/3A applies.
However, we have not sufficiently discussed about resource allocation scheme for mode 1 in TDD, and also, regarding resource allocation for PUCCH format 3 in single serving cell and TDD, it needs to additionally define the new UE behaviors for exceptional case on PUCCH format 3. In this document, we therefore provide our views on the details of usage of PUCCH format 3 for TDD.
2. Resource allocation for PUCCH format 3 in TDD
In this section, we discuss the resource allocation (RA) for PUCCH format 3 in TDD. Some companies also provided their views for this issue in previous meeting [2]-[3]. However, up to now, we have only a few agreements of resource allocation for PUCCH format 3 in single carrier and TDD as seen in the previous section. We therefore provide our preferred resource allocation scheme for PUCCH format 3 in TDD. 
From contribution [2], two options for PUCCH format 3 RA in TDD were proposed according to the usage of TPC field on PCell. Comparing two options, the first option is that all TPC fields on PCell are used as real TPCs and other TPC fields on SCell are used as ARI, while the second option is that the TPC field on PCell with 
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 is used as real TPC and all the other TPC fields on PCell and SCell are used as ARI. The only difference between two options is the application method of TPC field on PCell for ARI and real TPC. Considering the consistency with PUCCH format 3 RA for single carrier and TDD, it seems straightforward that the second option for PUCCH format 3 RA in TDD is applied and therefore, it can apply common resource allocation for both single carrier and CA (mode 1). The followings are our preference for resource allocation of PUCCH format 3 in TDD and CA.
· Resource allocation for PUCCH format 3 in TDD and CA
· TPC field (2-bit) in the PDCCH with DL DAI = 1 only on PCell is used as TPC command.
· TPC field (2-bit) in the PDCCH with DL DAI > 1 on PCell and all DL DAI values on SCells is used as ARI. UE shall assume the same ARI value in all PDCCHs with DL DAI > 1 on PCell and all DL DAI values on SCells.
· If a UE only receives a PDCCH with DL DAI = 1 on PCell, 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.
Proposal 1. Above resource allocation scheme is supported for PUCCH format 3 in TDD.
3. Exceptional case handling for PCell only reception
After RAN#64 meeting, the chairman decided to discuss whether PUCCH format 3 is introduced in single carrier environment or not. Through intensive email discussion, we have agreed the introduction and resource allocation scheme of PUCCH format 3 for Rel-10 UE in TDD and single carrier environment. However, it still has unclear point in agreement on single configured CC for resource allocation of PUCCH format 3. Figure 1 shows the example corresponding to the exceptional case for 
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, a PDSCH transmission where there is not a corresponding PDCCH detected within bundling window and an additional PDSCH transmission with DAI=1 only on the PCell.  
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Figure 1. Exceptional case of resource allocation in bundling window (e.g. M=4)
In this situation, due to the absence of ARI information, PUCCH format 3 can not be used for A/N transmission in TDD. So, the handling method would be needed for the clarification of UE behavior. The followings are three options for A/N transmission for the exceptional case;
· Option 1. Fallback to PUCCH format 1b with channel selection
· 2 A/N bits (i.e. 1 bit A/N for PDSCH with DAI=1 after spatial bundling and SPS PDSCH 1 bit A/N) are transmitted on either PUCCH resource from PDCCH with DAI=1 or Rel-8/9 SPS PUCCH format 1b resource by PUCCH format 1b with channel selection.
· Option 2. Maintain the PUCCH format 3 transmission
· Option 2-1. Set default ARI value for PUCCH format 3 resources (Predefining based)
· Option 2-2. Configure together default ARI value for PUCCH format 3 resources and PUCCH format 3 transmission by RRC signaling when configuring PUCCH format 3 transmission for A/N transmission (RRC signaling based)
· Option 3. Fallback to PUCCH format 1b
· 1bit A/N by doing spatial bundling across codewords on a PDSCH with DAI=1 in case of 2 CW transmission configured on PCell and no spatial bundling otherwise, and 1bit A/N for SPS transmission (only 1CW transmission)

· Combined 2 A/N bits are transmitted on either PUCCH resource from PDCCH with DAI=1 or Rel-8/9 SPS PUCCH format 1b resource by PUCCH format 1b.

As for option 1, for PUCCH format 3, if UE receives only a PDSCH with DAI=1 or a SPS PDSCH in bundling window, Rel-8/9 resource is used for A/N transmission. In the same manner, PUCCH format 1b with channel selection can be also used for A/N transmission in the above scenario. That is, A/N transmission for UE configured PUCCH format 3 moves to fallback mode which uses the Rel-8/9 PUCCH format 1b resource. In case the PDSCH on PCell configured by transmission mode that support up to two transport blocks is transmitted, the spatial bundling across codewords per each DL subframe is used to generate the 1bit A/N state, and then spatial bundled 1bit A/N and 1 bit A/N corresponding SPS PDSCH (i.e. only 1CW PDSCH) are transmitted by using two PUCCH format 1b resources which are derived by first CCE index in PDCCH with DAI=1 and SPS PUCCH format 1a/1b resource. When comparing it with PUCCH format 3, it would cause little DL throughput loss by spatial bundling. However, the required SNR for PUCCH A/N transmission can be reduced and also, it is able to have more benefit in terms of PUCCH format 3 resource efficiency.
With option 2, PUCCH format 3 transmission could be maintained with two specific options in this scenario. The option 2-1 is that default ARI value (e.g. 00 : default value for only this scenario) could be set for PUCCH format 3 transmission, and for option 2-2, default ARI value can be obtained from RRC signaling together with configuring PUCCH format 3 transmission as A/N transmission for CA. Both 2-1 and 2-2 options are based on default ARI value and therefore, we don’t see that there is a special difference between 2-1 and 2-2 options. Considering only the consistency with resource allocation of PUCCH format 3 in CA, it seems simple that the option 2 is introduced as UE behavior. 
For option 3, it can be also used to transmit A/N information by using Rel-8/9 resource same as option 1 for handling of exceptional case. However, the PUCCH format 1b with channel selection requires some reserved Rel-8/9 resources depending on A/N bits to be transmitted as seen option 1, while the option 3 is used to transmit the A/N information by using PUCCH format 1b with only one resource (e.g. either PUCCH format 1a/1b resource from PDCCH with DAI=1 or SPS PUCCH format 1a/1b resource). Considering the consistency with PUCCH format 1a/1b fallback case for resource allocation of PUCCH format 3 proposed in section 2, it seems to be simple that usage of PUCCH format 1b is used for A/N transmission for exceptional case.
With comparison between options, we think it should be supported to apply the one of the above options for exceptional case handling when configuring PUCCH format 3. However, we think option 3 is further preferred.
Proposal 2. Option 3 is preferred as A/N transmission scheme for exceptional case of PUCCH format 3.
4. Conclusion
In this contribution, we discuss the resource allocation methods of PUCCH format 3 for TDD Rel-10 CA UE and exceptional case handling methods in TDD. The followings are our preferences :

· Proposal 1. Following resource allocation scheme should be supported for PUCCH format 3 in TDD.
· Resource allocation for PUCCH format 3 in TDD and CA
· TPC field (2-bit) in the PDCCH with DL DAI = 1 only on PCell is used as TPC command.
· TPC field (2-bit) in the PDCCH with DL DAI > 1 on PCell and all DL DAI values on SCells is used as ARI. UE shall assume the same ARI value in all PDCCHs with DL DAI > 1 on PCell and all DL DAI values on SCells.
· If a UE only receives a PDCCH with DL DAI = 1 on PCell, 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. 
· Proposal 2. Option 3 is preferred as A/N transmission scheme for exceptional case of PUCCH format 3.
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