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1 Introduction

The PUCCH resource indication for HARQ-ACK signal transmission using PUCCH Format 3 from a UE configured with DL CA in an FDD system has been fully specified. The TPC bits in the PDCCH scheduling PDSCH in the Pcell, if any, are used for adjusting the HARQ-ACK signal transmission power while the TPC bits in the PDCCHs scheduling PDSCH in the Scells are used for indicating the PUCCH resource for PUCCH Format 3. This mechanism can substantially reduce the overhead required to support PUCCH Format 3 and make its use a viable option. However, it is also associated with two drawbacks:
a) If there is no PDCCH scheduling PDSCH in the Pcell or if it is missed by the UE, there is no adjustment of the HARQ-ACK signal transmission power. The PUCCH Format 3 BLER may therefore increase and TPC errors accumulate (unlike Rel.8, as DTX is not supported, the eNodeB cannot be aware of the missed PDCCH in the Pcell).
b) As the PDCCHs scheduling PDSCHs in Scells may be missed (the likelihood of this event compared to the target DTX-to-ACK or the target NACK-to-ACK error rate is relatively high for one Scell), the indication of the resource that should be used for PUCCH Format 3 is not available and the UE should fall-back to using PUCCH Format 1a/1b. Then, the eNodeB is forced to perform blind detection to determine which PUCCH Format the UE used. This implies performing DTX detection over 2 resources or, in case of a SR configured sub-frame, over 3 resources. This will degrade the reception reliability of PUCCH Format 3 as the DTX-to-ACK threshold needs to be placed at a higher level to account for interference fluctuations in multiple resources and not just in the PUCCH Format 3 resource (this degradation was not considered in the performance evaluations or in the power control formulas).
For a TDD system, two alternatives for the PUCCH Format 3 resource indication were discussed in [1] but the issue has not been treated and the exact method for TDD remains unspecified. Moreover, the possibility for the UE to maintain the use of PUCCH Format 3 when falling back to single-cell operation, mainly in order to avoid spatial-domain and time-domain bundling, has also been suggested [2, 3].

This contribution considers the alternatives for PUCCH Format 3 resource indication and the use of PUCCH Format 3 for single-cell operation in TDD systems. 
2 PUCCH Format 3 Resource Indication in TDD
Two alternatives were considered in [1] for the PUCCH Format 3 resource indication for a UE configured with DL CA in a TDD system:
a) The TPC IE in any PDCCH scheduling PDSCH in the Pcell provides a TPC command and the TPC IE in any PDCCH scheduling PDSCH in a Scell provides an index for the resource used for PUCCH Format 3 transmission.
b) The TPC IE in the PDCCH with 
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 scheduling PDSCH in the Pcell provides the TPC command and the TPC IEs in all other PDCCH scheduling PDSCHs provide an index for the resource used for PUCCH Format 3 transmission.
The first alternative requires that the UE uses a Rel.8 method (full bundling or multiplexing) for its HARQ-ACK signal transmission. With HARQ-ACK full bundling (both spatial-domain and time-domain), the eNodeB operation is similar to that for fall-back in FDD as PUCCH Format 1a is used. However, substantial throughput degradation is associated with HARQ-ACK full bundling which is unnecessary as UEs configured with CA in TDD systems are not coverage limited (there was no need to support full bundling for UEs with CA). For HARQ-ACK multiplexing, there is the throughput loss associated with spatial-domain bundling and the additional performance degradation for PUCCH Format 3 resulting from the multiple hypotheses tests the eNodeB needs to perform in order to determine whether PUCCH Format 3 or multiplexing was used since DTX for up to 4 resources (for a bundling window size of 4 sub-frames) need to be discarded before the eNodeB decides that PUCCH Format 3 was used (in addition to the usual DTX detection for PUCCH Format 3 itself). 
The second alternative also allows re-using PUCCH Format 3 in fall-back operation unless the UE receives only a single PDCCH scheduling PDSCH in the Pcell (or receives no PDCCH if the PDSCH is SPS) in which case PUCCH Format 1a/1b is used. The advantage of this option is the improved DL throughput, the improved PUCCH Format 3 detection performance, and the commonality with FDD (i.e. one PDCCH provides the TPC command, the remaining PDCCH convey ARI). In terms of overhead, there is no difference between the two alternatives as the eNodeB does not know in advance that the UE will not use PUCCH Format 3.  

Based on the above analysis, the second alternative is preferred.

Another issue is whether the TPC IE bits are used for the PUCCH Format 3 resource indication. Although in FDD the TPC IE in multiple DL SAs is the only redundant information in PDCCH scheduling PDSCH, in TDD the DAI IE may be completely redundant (at least in PDCCH scheduling PDSCH in Scells). This can be concluded after the HARQ-ACK payload in the PUCCH and PUSCH and the power control for PUCCH Format 3 in TDD are decided [4, 5]. Then, it is preferable to use the DAI IE bits in Scells (in case of alternative 1 above) or in general (in case of alternative 2 above) and maintain the usual interpretation for the TPC IE bits. The advantage of using the DAI IE bits is that transmission power control for PUCCH Format 3 is possible even if the UE misses PDCCH scheduling PDSCH in the Pcell or if such PDCCH does not exist (first alternative), or if the UE misses the PDCCH with 
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 in the Pcell or if such PDCCH does not exist (second alternative). 
Observation: Whether the TPC IE bits or the DAI IE bits are more appropriate to indicate the PUCCH Format 3 resource depends on how the HARQ-ACK payload and transmission power are derived for PUCCH Format 3.   

Based on the above observation, it may not be necessary to fall-back to PUCCH Format 1a/1b when the UE receives only a single PDCCH in the Pcell (i.e. when the DAI IE bits are used for PUCCH Format 3 resource indication). As usual, PUCCH Format 1a/1b is needed when the UE receives only a SPS PDSCH in the Pcell.

Proposal 1: When a UE configured DL CA in TDD and PUCCH Format 3 for its HARQ-ACK transmission, it uses PUCCH Format 3 regardless of whether it receives any PDCCH scheduling PDSCH in Scells. The use of PUCCH Format 1a/1b when only a single PDCCH is received in the Pcell is FFS.
3 Use of PUCCH Format 3 for Single Cell Operation
The use of PUCCH Format 3 by UEs capable of using it for DL CA has also been suggested in [2, 3] for single-cell operation in order to avoid the spatial-domain, and possibly the time-domain, bundling associated with the Rel.8 HARQ-ACK transmission methods and support TDD configuration 5 without having to perform full bundling.
With respect to a UE configured DL CA and using PUCCH Format 3 for fall-back operation when it does not receive any PDCCH in Scells, the operation is the same but for single-cell operation the disadvantage of increasing PUCCH overhead does exist (but the same overhead reduction as for CA applies). However, assuming that the use of PUCCH Format 3 or of a Rel.8-based method is configurable by the eNodeB, the control of such overhead is under the control of the operator while additional implementation and testing are not required. Therefore, PUCCH Format 3 should not be restricted to multi-cell operation or only when a UE configured multi-cell operation happens to fall-back to single-cell operation, but it should also be supported for configured single-cell operation.
Proposal 2: PUCCH Format 3 is supported for a UE configured with a single DL cell in TDD.

4 Conclusions

This contribution considered the resource indication for PUCCH Format 3 in TDD and the applicability of PUCCH Format 3 for single-cell operation. The following are proposed:
Proposal 1: When a UE configured DL CA in TDD and PUCCH Format 3 for its HARQ-ACK transmission, it uses PUCCH Format 3 regardless of whether it receives any PDCCH scheduling PDSCH in Scells. The use of PUCCH Format 1a/1b when only a single PDCCH is received in the Pcell is FFS.
Proposal 2: PUCCH Format 3 is supported for a UE configured with a single DL cell in TDD.
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