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Introduction
In RAN1#81 meeting, two agreements were reached on the UL control channel enhancements [1]:
Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 
· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 
· Baseline X for evaluation purpose only: X=8
· Rel-8 TBCC and rate matching is used 
· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
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Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
However, it is still undecided how the large size of UCI bits will be carried in the uplink, especially the UCI will need to be carried with more than one PUCCH resources. In this contribution, we provide our views on the indication of PUCCH resources that provides an extra flexibility on PUCCH resource allocation.

Discussion
2.1 Current PUCCH resource indication scheme for reporting of up to 5 CCs (with and without PUCCH on SCell)
In the existing PUCCH resource indication for CA up to 5 CCs (PUCCH format 3), a set of 4 PUCCH resources are first configured by the eNB. Using the TPC field in downlink DCI for the secondary cells, one of the 4 PUCCH resources can be indicated by eNB for UE to report UCI. This indication mechanism is shown in Figure 1 for Rel-12 CA and Figure 2 for Rel-13 eCA (up to 5 CCs, with also SCell PUCCH).
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	Figure 1: PUCCH resource indication for Rel-10/12 CA.
	Figure 2: PUCCH resource indication for Rel-13 eCA (up to 5 CCs) with SCell PUCCH.



2.2 PUCCH resource indication scheme for up to 32 CCs (with and without PUCCH on SCell)
For the two agreements reached in UL control channel enhancement (reproduced in the Introduction section), it is expected the new design for UCI feedback will involve larger number of bits in one UL subframe compared to Rel-10. Depending on the number of scheduled CCs and the CSI report timing, exact size of UCI per UL subframe can vary significantly. And hence the number of RBs needed to carry UCI bits can vary from subframe to subframe. Instead of creating and reserving a new PUCCH format and its associated resource region, the most straight forward approach is to reuse and share the existing PUCCH resources for Format 3.
In Figure 3, we show how a new PUCCH resource indication scheme can be done for CA up to 32 CCs. As shown, similar to the existing PUCCH Format 3 indication mechanism, a set of 4 PUCCH resources are configured to a UE. When a SCell PUCCH is configured (total of 2 PUCCH), the same or a new set of 4 PUCCH resource indices can also be configured. Among the cells within a same PUCCH CG, the eNB indicates two different indices (initial PUCCH index and PUCCH resource offset index) for different purpose, but both are indicated to the UE using the TPC field in the downlink DCI.  The initial PUCCH index (depicted as TPC index) indicates one of the four PUCCH resources in the same way as in Rel-12. The PUCCH resource offset index (depicted as PUCCH index offset) gives an offset in the virtual PRB index as shown in Figure 3. Combining these two indices, the exact PUCCH starting resource for transmitting uplink UCI can be determined. This works the same way for the second PUCCH CG.
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Figure 3: Flexible PUCCH resource indication for Rel-13 eCA (up to 32 CCs) with SCell PUCCH.

PUCCH resource offset
The key element in PUCCH resource indication in Rel-13 for CA of up to 32 CCs is about UE pairing. In Rel-10/12, the selection of which of the 4 configured PUCCH resources should be indicated was all based on how to distribute UE transmissions evenly across the available PUCCH resources and at the same time minimize the amount of interference between them (at least from eNB receiver’s point of view). This perhaps can be quite easily achieved by eNB scheduling and dynamic indication, since every UE transmits only one PUCCH resource/RB in one UL subframe. On the other hand for Rel-13, each UE are likely to transmit multiple RBs (across multiple PUCCH resources) and different UE may need to transmit UCI over different number of RBs/PUCCH resources per subframe. Pairing different UEs together in the same set of PUCCH resources (using different orthogonal cover codes) to ensure similar level of interference from other UEs across all RBs can be challenging. One way to ensure that the same interference level is achieved across the multiple RBs is by pairing UEs that use the same number of RBs. Therefore, additional flexibility in PUCCH resource selection is needed when pairing multiple UEs to achieve a balanced interference level per UE across the multi-RB transmission (and reception at eNB).
Proposal: To introduce PUCCH resource offset for dynamic selection of resources and pairing UEs to achieve equal or similar interference level across multiple PUCCH RBs for one UE.
Conclusion
In this contribution, we first reviewed the existing mechanism of PUCCH resource indication in Rel-10/12 and also in Rel-13 for CA up to 5 CCs. Then we also examined the likely case of transmitting large number UCI bits over multiple RBs for CA up to 32 CCs, and found it is challenging to pair different UEs together in same PUCCH RBs to achieve the same or similar level of interference without any additional PUCCH resource indication flexibility. Therefore, we propose:
Proposal: To introduce PUCCH resource offset for dynamic selection of resources and pairing UEs to achieve equal or similar interference level across multiple PUCCH RBs for one UE.
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