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1 Introduction
In RAN1#82bis meeting, enhancements to UL control signaling were discussed and the following were agreed [1]:
· The PUSCH-like new PUCCH format is designed as follows:
· No. of DMRS per slot is 1 for both CP cases.
· For normal CP cases, DMRS is located on #3 SC-FDMA symbol of each slot.
· For extended CP cases, DMRS is located on #2 SC-FDMA symbol of each slot.
· Same DMRS symbol(s) generation procedure is applied as in PUSCH.
· Cell-specific parameters Group-hopping-enabled,  n(1)DMRS, and Dss are common between DMRSs for PUSCH and PUSCH-like new PUCCH format.
· UE-specific parameters nRSID and Ncsh_DMRSID for DMRS on PUSCH-like new PUCCH format are independently configurable from those for DMRS on PUSCH.
· Inter-slot FH is applied as in legacy PUCCHs
· Shortened PUCCH format is supported
· The PUCCH resource without multiplexing is represented by the following factors.
· Starting PRB index (0-109)
· The number of PRBs (3 bits)
· For transmit power control of the PUSCH-like new PUCCH format,
· 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the no. of PRBs.

· Multiplexing of multiple users in a CDM-based PUCCH format is supported 
· New PUCCH format with CDM is optional for UEs supporting CA with more than 5 serving cells
· Parameters for new PUCCH format with CDM can be configured by the eNB for multiuser multiplexing based on R1-156308
· FFS: Dynamic PUCCH format adaptation between different PUCCH formats is supported

This contribution provides our views on resource allocation and resource indication for the new PUCCH formats.
2. Discussion
New PUCCH format without CDM
For the new PUCCH format without CDM, since it is likely that the number of UEs that need to use the new PUCCH format to feedback a large amount of HARQ-ACK and CSI is not that large in a given subframe, and that the new PUCCH format without CDM is a PUSCH-like format, which have similar structure to PUSCH and may require less power compared to PUCCH format 1, 2, 3, because of the coding gain it may provide, the PRB resource allocation should be closer to PUSCH than PUCCH format 1. Since the UEs that need to use the PUSCH-like PUCCH format change dynamically, a fixed resource allocation to every UE that may potentially use it for feedback can result in a lot of PUCCH overhead. Hence, the resource allocation signalling was decided to follow a similar mechanism to the current signalling rule of PUCCH format 3. In other words, a list of candidate resource is signalled to a UE in advance through RRC signalling and the exact resource that should be used is indicated by the ARI signalling using the TPC field in DCI transmitted in SCells other than PCell. For the PUSCH-like format without CDM, the configured RRC parameter can be the starting PRB index and the ARI signalling simply indicates one of the four candidate starting PRB index. As for the number of PRBs, it can be signalled separately in DCI. Alternatively, it can also be indicated using ARI signalling by configuring some combinations of starting PRB index and number of PRBs in the RRC configuration. However, the number of combinations is limited to 4 for 2-bit ARI.
Observation 1: The PUCCH resource list in RRC configuration can be the combination of the starting PRB index and number of PRBs.
New PUCCH format with CDM
For the new PUCCH format with CDM, if alternative 1 in [2] is adopted, the resource allocation should be allocated closer to the PUSCH for similar reasons to the above mentioned. The resource indication can also utilize the ARI signalling mechanism. For example, the PRB index is selected by ARI from preconfigured candidate PRB index list and the CDM index can be preconfigured together with PRB index as well. However, the PRB index and CDM index combinations is less by using ARI signalling mechanism.
On the other hand, if alternative 2 in [2] is adopted, the resource allocation can be located in the current PUCCH format 3 PRB resource since it is possible to multiplex PUCCH format 3 and the new PUCCH format with CDM. However, the same OCC for each PRB are not always available for the new PUCCH format with CDM when it is multiplexed with PUCCH format 3. In other words, the PUCCH resource index (i.e., PRB index and OCC index) of every PRB has to be signalled to the UE which may result in a lot of overhead if it is signalled in DCI. To reduce the overhead, the new PUCCH format with CDM can use the same OCC for every PRB. However, this will reduce the scheduling flexibility of the eNB and hence may result in less multiplexing gain. Another way of reducing signalling overhead is to use similar ARI signalling mechanism, however the PUCCH index combination is limited if ARI is 2-bit.
A method to reduce the signalling overhead and to increase the flexibility is to reuse the current PUCCH format 3 ARI signalling mechanism to determine the PUCCH index (i.e., PRB index and OCC index) of the starting PRB, and to signal OCC offset index of other PRBs by other ARI signalling. The other ARI signalling can utilize TPC field in DCI transmitted in other SCells. Since the number of SCells is supposedly much more when the new PUCCH format is used, and there is only one PCell and one PSCell, the TPC field in DCI transmitted in other SCells can be set to different values than the existing ARI to facilitate the signalling.
Observation 2: 2-bit ARI may not be sufficient for PUCCH format 3 like CDM-based PUCCH.
Dynamic PUCCH format adaptation
To more efficiently utilize the PUCCH resource, it is beneficial to configure both PUCCH format 3 resource and the new PUCCH formats and support PUCCH format 3 fallback. Whether to fallback to PUCCH format 3 when the number of UCI bits is less than 23 can be signalled through a fallback indicator. The fallback indicator can be explicitly signalled in DCI by adding a fallback indicator field. Alternatively, it can be transmitted using the TPC field in DCI transmitted in SCells other than PCell or PSCell. Furthermore, a format indicator can be defined using the TPC field in DCI transmitted in SCells other than PCell or PSCell to indicate which new format should be used when the new PUCCH formats with and without CDM are both configured to a UE.
Proposal 1: UE is configured with resources of PUCCH formats by RRC configuration. Resource allocation of the new PUCCH formats is signaled by ARI signaling.
Proposal 2: Consider to enhance the use of TPC fields in DCI transmitted in SCells with no PUCCH to indicate resource allocation, PUCCH format fallback or dynamic PUCCH format adaptation if it is supported.

3. Conclusions
In this contribution, we discuss possible solutions to resource allocation and indication for new PUCCH formats in Rel-13 CA. Based on the discussion, we summarize our proposals in the following: 
Observation 1: The PUCCH resource list in RRC configuration can be the combination of the starting PRB index and number of PRBs.
Observation 2: 2-bit ARI may not be sufficient for PUCCH format 3 like CDM-based PUCCH.
Proposal 1: UE is configured with resources of PUCCH formats by RRC configuration. Resource allocation of the new PUCCH formats is signaled by ARI signaling.
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