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Introduction
[bookmark: _Ref228947482]During RAN1#90 meeting, the following agreements have been achieved for PUCCH resource allocation.
Agreements:
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

In this contribution, we share some discussions on implicit PUCCH resource mapping.
Discussion 
In LTE, there are multiple PUCCH formats defined such as PUCCH format 1 and PUCCH format 2 defined in release 8 and release 9, PUCCH format 3 defined in release 10, and PUCCH format 4 and PUCCH format 5 defined in release 13. Different PUCCH formats have different payload sizes carrying combinations of one or more of HARQ-ACK, SR and CSI feedback, possibly for multiple component carriers. The methods of allocating PUCCH resources are also different for different PUCCH formats including implicit indication, semi-static configuration, and a combination of semi-static and dynamic signaling. The latter two being methods of explicit signaling. In NR, it has been agreed to support a combination of semi-static and dynamic signaling at least for some types of UCI. Generally this kind of explicit method is beneficial from the flexibility perspective. However, when the UCI payload is small and/or there are a relatively large number of users, an explicit method may result in much more signaling overhead. From the efficiency perspective, an implicit method is more suitable for some types of UCI, and thus it can be supported at least as a complement to explicit signaling. This also coincides with LTE principles. In LTE, for PUCCH format 1a/1b which carries 1 or 2 bits of ACK/NACK, implicit PUCCH mapping is used; while for PUCCH formats which have larger payloads, PUCCH resources are allocated by explicit signaling. 
Proposal 1: NR supports implicit PUCCH resource allocation as a complement to explicit signaling.
In NR, the general framework accommodating explicit and implicit PUCCH resource allocation can be similar to that of LTE. PUCCH resources of some PUCCH formats can be explicitly configured, and PUCCH resources of other PUCCH formats can be implicitly determined. The resource blocks for different PUCCH formats can be separated by configuration. For some PUCCH formats with small UCI payloads, it would be more efficient to let multiple UEs share a given set of resource blocks. PUCCH resources within this set can be distinguished in an implicit way. In LTE FDD, implicit PUCCH resource allocation is achieved by determining the PUCCH resource according to the lowest CCE index of the PDCCH. In NR, more flexible HARQ timing is to be supported, and thus PDCCHs for different UEs in multiple time instants (e.g. slots) could correspond to the same PUCCH HARQ-ACK feedback instant [1]. A similar situation could also occur if an individual UE receives PDCCHs in multiple time instants. Assuming CCEs are independently numbered within each slot, there will be PUCCH resource collisions if using only the lowest CCE index as shown in Figure 1. Actually such collisions have been encountered in LTE TDD, where PDSCH in multiple DL subframes may need to be acknowledged in the same uplink subframe. In that case, PUCCH resource collisions are avoided by using a subframe-dependent offset on top of the lowest CCE index. Therefore, it is reasonable that similar methods are reused in NR, with necessary modifications. 


Figure 1. Illustration of PUCCH resource collision avoidance






As shown in Figure 1, PUCCH feedback in slot n may correspond to multiple PDCCHs received in different slots. We assume that PUCCH HARQ-ACK feedback can be transmitted, at least by some UEs, corresponding to PDCCHs in any slot from n to n-m. In LTE TDD, EPDCCH adds an offset onto the lowest ECCE index where the offset is a summation of subsequent ECCEs. Similar principles can be reused in NR at least as a starting point. For example, assuming  is the lowest CCE index of PDCCH received in slot n-m, the corresponding PUCCH resource can be determined using , where  denotes the total number of CCEs in slot n-k. Introducing the offset is approximately equivalent to having CCEs globally numbered and thus avoiding the aforementioned PUCCH collisions. Similar to LTE PDCCH/EPDCCH, further adjustments can be made by indicating  by DCI and signalingby higher layers. Also the term  can be replaced by a more general form such as a function of the lowest CCE index and DM-RS antenna ports. Such considerations lead to the following proposal: 




Proposal 2: For implicit PUCCH resource allocation, similar methods as in LTE TDD (using the lowest CCE index , offsets , DCI field  and higher layer configured) can be considered with necessary modifications. 

Conclusions
In this contribution, we share our views on PUCCH resource allocation. It has been agreed to support the combination of semi-static and dynamic signaling at least for some types of UCI. Based on the analyses, we give the following proposals.
Proposal 1: NR supports implicit PUCCH resource allocation as a complement to explicit signaling.




Proposal 2: For implicit PUCCH resource allocation, similar methods as in LTE TDD (using the lowest CCE index , offsets , DCI field  and higher layer configured) can be considered with necessary modifications.
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