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1. Introduction
 In the RAN1#62bis and 63, the methods of ACK/NACK resource allocation for PUCCH format 3 were discussed for LTE-A. The following proposals were agreed for PUCCH format 3 [1][2].
· RAN#62bis Agreements for 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.

· RAN#63 Agreements for PUCCH format 3

· 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
· A mode 2 is not supported.

· ARI for format 3

· 4 values point to 4 semi-statically configured values of n(3)PUCCH
In this document, we provide our views on the details of usage of PUCCH format 3 for TDD in non-CA environment.

2. Usage of PUCCH format 3 in non-CA environment
In previous meeting, it was agreed that the usage of PUCCH format 3 as new PUCCH format was introduced to support individual A/N transmission up to 20 A/N bits for TDD in Rel-10 CA. However, if the number of A/N bits to be indicated would be >20, the spatial bundling is applied. As mentioned [1], the full A/N bits multiplexing payload size for Rel-10 CA in TDD could be decided by the number of configured CC, codeword and DL subframe(s) associated with one UL subframe according to TDD configuration. Especially, if Rel-10 UE is configured on only single carrier, the maximum payload size of A/N bits would be 18 bits (i.e. single CC, 2CW transmission and 9 DL subframes for TDD configuration 5) and then, it is possible to support the full multiplexing of A/N bits by PUCCH format 3 even for TDD configuration 5 differently from Rel-8/9 UE not supporting PUCCH format 3. It is noted that using PUCCH format 3 on single carrier configured Rel-10 UE would be beneficial, because there are not any bundling methods including spatial and time domain in this scenario, leading to less unnecessary retransmission and higher DL throughput for Rel-10 UE.
Proposal 1. Applying the PUCCH format 3 for non-CA environment should be supported for A/N multiplexing even for TDD configuration 5 (no-spatial bundling).
3. Resource allocation of PUCCH format 3 for non-CA environment
The remaining open issue would be a resource allocation of PUCCH format 3, if using the PUCCH format 3 on single carrier configured Rel-10 UE is applied. In previous meeting, resource allocation scheme of PUCCH format 3 in general CA scenario of Rel-10 in FDD was already accepted as seen agreements in section 1. However, it is difficult to directly apply the above agreements for PUCCH format 3 in Non-CA case in TDD since it is designed only for Rel-10 UE with CA by ARI in PDCCH corresponding to SCell and fallback mode in order to possibly utilize Rel-8 resources for only PDSCH reception on PCell. Accordingly, we need to handle the problem caused by the absence of ARI on Scell in this case including only single carrier configured Rel-10 UE, only PDSCH reception on Pcell and Rel-10 UE not supporting of CA. Based on the need of the above discussion, we provide some options for handling of PUCCH format 3 for non-CA environment as follows;
Option 1. 
· One of some options for resource allocation of PUCCH format 3 in case of single carrier scenario in TDD is that PUCCH format 3 resource is semi-statically configured by higher layer.
The above option seems to be very simple but, it would cause the overhead of PUCCH format 3 resource and no gain of frequency diversity due to fixed resource allocation to Rel-10 UEs. Therefore, as considering in terms of utilization of PUCCH format 3 resource, the option 1 is not preferred.
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Figure 1. The option 2’s example of ARI and TPC transmission on single carrier in Rel-10 TDD
Option 2.

· The ARI using TPC field in specific DL subframe on Pcell should be transmitted. If only one scheduled PDSCH transmission is associated with an UL subframe, Rel-8/9 resource is used in this scenario similar to fallback mode in FDD.
Differently using of ARI in PDCCH corresponding to only Scell in FDD, when there are the single carrier configured Rel-10 UE in Non-CA environment or only PDSCH reception on Pcell for Rel-10 UE with CA, we need to consider above option 2 as seen figure 1. The more detailed methods about option 2 are following;
· If the number of scheduled DL subframe(s) associated with an UL subframe on Pcell is more than 2,
· The one DL subframe among DL subframes associated with an UL subframe is used for original TPC field. Other DL subframes except one DL subframe for TPC transmission is used for ARI transmission in order to allocate the PUCCH format 3 resource.
· All DL subframes for ARI transmitted from eNB should have the same ARI value.

· If there is the SPS transmission with dynamic allocation among DL subframes associated with one UL subframe on Pcell, the ARI could be transmitted by PDCCH related to dynamic allocation. In general, it is likely to be considered as the first DL subframe for PUCCH format 3 transmission.

· If the PDCCH with actual TPC field is missed, power control state for previous   PUCCH transmission could be maintained to transmit the PUCCH format 3 of current UL subframe.
· If the number of scheduled DL subframe(s) associated with an UL subframe on Pcell is only one,
· 1) Rel-8/9 resource is used as fallback mode similar to FDD case.
· 2) If PUCCH format 3 resource is sufficient, it can be transmitted by PUCCH format 3. However, it is not preferable due to higher transmission power of PUCCH format 3, lower reliability for target SNR than PUCCH format 1a/1b for small payload A/N bits size and so on.
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Figure 2. The option 3’s example of ARI and TPC transmission for each radio frame period on single carrier in Rel-10 TDD

Option 3.

· The ARI value can be shared among UL subframes in one radio frame or some radio frame duration to lead to more transmission of PDCCH with actual TPC field for exact power control according to actual channel condition. That is, the same ARI value is applied to UL subframes during specific radio frames and also, transmission of PDCCH with ARI in DL subframes is only associated with first UL subframe transmission for ARI transmission period (among Ul subframes with same ARI value). A/N transmission for other UL subframe(s) should use the same ARI value in first UL subframe transmission for ARI transmission period.
· The period of ARI refreshment could be set by RRC configuration based on channel condition and amount of system load and also, unit of its period is preferred to radio frame.
· In case of single PDSCH reception on Pcell, the methods same as option 2 could be used.

The difference between option 2 and 3 is only about ARI transmission in specific DL subframes. Accordingly most of operation for resource allocation of PUCCH format 3 is almost same. However, we prefer option 2 compared to option 1 and option 3 because it seems to be simple and maximize the consistence with RA of PUCCH format 3 in FDD.
Proposal 2. The option 2 is preferred for single carrier configured RA of PUCCH format 3 in TDD.
4. Conclusion
In this contribution, we discuss the resource allocation of PUCCH format 3 for Rel-10 UE on single carrier configured in TDD with followings:

· Applying the PUCCH format 3 for non-CA environment should be supported for A/N multiplexing even for TDD configuration 5 (no-spatial bundling)
· The option 2 is preferred for single carrier configured resource allocation of PUCCH format 3 in TDD.
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Example. UL-DL Configuration 1
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Example. UL-DL Configuration 2
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