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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR-AH#3 [1], following agreements had been made on resource allocation for uplink control channel.
Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by higher layer signalling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resource consisting of same or different PUCCH formats.
· Opt.2: One or multiple set(s) of PUCCH resource for each PUCCH format.
· Opt.3: A set of multiple set(s) of PUCCH resource for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI.
· FFS: How to identify a PUCCH resource from the set of PUCCH resource.
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability.
· FFS how PUCCH resource is defined.

This contribution discusses resource allocation for uplink control channel in NR.
Note: This contribution is revised from R1-1716124 [2].
Discussion
Resource indication for HARQ-ACK in PUCCH
In RAN1#90, following was proposed based on offline summary.
· For dedicated PUCCH resource,
· PUCCH resources are indexed over code (if applicable), frequency, and time, within a slot within the given UL BWP.
In above agreement, starting symbol in a slot, PRB allocation within the UL BWP, and code/sequence index(es) can be PUCCH resource indexed by single parameter similar to LTE PUCCH resource nPUCCH. For this PUCCH resource index, a combination of semi-static configuration and dynamic signalling is used similar to ARI mechanism in LTE. In addition to PUCCH resource index, how to signal additional information such as PUCCH format, which slot(s) the PUCCH is transmitted should be considered. 
Individual encoding/mapping of parameters related to PUCCH resource in DCI can differentiate the usage of each resource for case by case condition. If the resource usage for each domain such as short-PUCCH region and slot is fully orthogonal, individual encoding/mapping would be more flexible but it increases DCI overhead. However, fully orthogonal combination between each parameter would not be required. As far as the behaviour is “L1 indication from the multiple semi-static configurations,” all parameters related to PUCCH resource could be included within “multiple semi-static configuration” in order to reduce DCI overhead. It can be realized by joint encoding of PUCCH resource index, PUCCH format/duration, and slot position. Encoding table is indicated by RRC as shown in the example below.
0: PUCCH resource index n(0), PUCCH format/duration A(0), slot position B(0)
1: PUCCH resource index n(1), PUCCH format/duration A(1), slot position B(1)
2: PUCCH resource index n(2), PUCCH format/duration A(2), slot position B(2)
3: PUCCH resource index n(3), PUCCH format/duration A(3), slot position B(3)
4: PUCCH resource index n(4), PUCCH format/duration A(4), slot position B(4)
5: PUCCH resource index n(5), PUCCH format/duration A(5), slot position B(5)
6: PUCCH resource index n(6), PUCCH format/duration A(6), slot position B(6)
7: PUCCH resource index n(7), PUCCH format/duration A(7), slot position B(7)
In above example, all values are configurable but such full flexibility would not be required. For example, the dynamic change of PUCCH format may not be required. In addition, slot position can also be indicated separately in DCI.
Proposal 1: For indication of PUCCH resource, higher layer signalling configures a set of PUCCH resources and DCI signals one of index of the set of PUCCH resources. 
Proposal 2: The set of PUCCH resources contains at least PUCCH resource index and duration. It also can include PUCCH format and/or slot position.

Below, we discussed more detailed signalling aspect for each PUCCH format.
· 1-symbol short-PUCCH for UCI of up to 2 bits
For 1-symbol short-PUCCH for UCI of up to 2 bits, PUCCH resource are indexed over code (sequence), frequency (starting PRB within the UL BWP), and time (symbol within a slot). If multiple length of sequence is supported, sequence length should also be known by the UE. We think the sequence length of 12 REs with 1 PRB would be more suitable for power limited and the sequence length of more than 12 REs (such as 24 REs or 48 REs) would be more suitable for interference limited condition. Considering above, sequence length could be indicated by RRC signalling.

· 1-symbol short-PUCCH for UCI of more than 2 bits
For 1-symbol short-PUCCH for UCI of more than 2bits, PUCCH resource are indexed over frequency (starting PRB within the UL BWP), and time (symbol within a slot). In addition to staring PRB within the UL BWP, the number of PRBs is also known by UE. If both distributed and localized transmission is supported, transmission scheme should also be known by the UE. Both the number of PRBs and transmission scheme could be included in PRB allocation within the UL BWP in the agreement. Such PRB allocation could be indicated by RRC signalling.

· 2-symbol short-PUCCH for UCI of up to 2 bits
For 2-symbol short-PUCCH for UCI of up to 2bits, PUCCH resource are indexed over code (sequence), frequency (starting PRB within the UL BWP), and time (starting symbol within a slot). Dynamic change of frequency hopping pattern would not be required and then, frequency hopping pattern could be indicated by RRC signalling including enabling/disabling.

· 2-symbol short-PUCCH for UCI of more than 2 bits
For 2-symbol short-PUCCH for UCI of more than 2bits, PUCCH resource are indexed over frequency (starting PRB within the UL BWP), and time (starting symbol within a slot). In addition to staring PRB within the UL BWP, the number of PRBs is also known by UE. If both distributed and localized transmission is supported, transmission scheme should also be known by the UE. Both the number of PRBs and transmission scheme could be included in PRB allocation within the UL BWP in the agreement. Such PRB allocation could be indicated by RRC signalling. Frequency hopping pattern could be indicated by RRC signalling including enabling/disabling.

· Long-PUCCH for UCI of up to 2 bits
For long-PUCCH for UCI of up to 2 bits, PUCCH resource are indexed over code (OCC and cyclic shift), frequency (starting PRB within the UL BWP), and time (starting symbol within a slot). Dynamic change of frequency hopping pattern would not be required and then, frequency hopping pattern could be indicated by RRC signalling including enabling/disabling.

· Long-PUCCH for UCI of more than 2 bits without multiplexing capacity
[bookmark: _GoBack]For long-PUCCH for UCI of more than 2 bits without multiplexing capacity, PUCCH resource are indexed over frequency (starting PRB within the UL BWP) and time (starting symbol within a slot). Dynamic change of frequency hopping pattern would not be required and then, frequency hopping pattern could be indicated by RRC signalling including enabling/disabling. In addition, the number of PRBs should be known by the UE. How the number of PRBs is differentiated might depend on reference number of symbols. If the number of PRB is set based on reference of 14 symbols, the number of PRBs is double for [5], 6, 7, 8, 9, [10] symbols PUCCH. The number of PRBs is four times for 4, [5]-symbol PUCCH. The number of PRBs for reference is indicated by RRC signalling.

· Long-PUCCH over multiple slots
For long-PUCCH over multiple slots, PUCCH resource indexing is the same as the single slot operation case. The set of PUCCH resources contains the indication of the duration of long-PUCCH in each slot. Dynamic change of inter-slot frequency hopping pattern would not be required and then, frequency hopping pattern could be indicated by RRC signalling including enabling/disabling.

Resource indication for HARQ-ACK in PUCCH during initial access
During the initial access procedure, semi-static configuration indicated by dedicated RRC cannot be used. In such case, semi-static configuration can be provided by RMSI. Differentiation of the resource among UEs could be explicit manner by DCI in message 4 or implicit manner by CCE usage, or PDSCH location.
Proposal 3: For the case where the dedicated PUCCH resource configuration is unknown to the UE, RMSI configures one or multiple configurations. Explicit resource indication by DCI in message 4 or implicit resource differentiation by CCE usage, or PDSCH location among UEs should be considered.

Conclusion
In this contribution, we discussed resource allocation for uplink control channel in NR. We have following proposals:
Proposal 1: For indication of PUCCH resource, higher layer signalling configures a set of PUCCH resources and DCI signals one of index of the set of PUCCH resources. 
Proposal 2: The set of PUCCH resources contains at least PUCCH resource index and duration. It also can include PUCCH format and/or slot position.
Proposal 3: For the case where the dedicated PUCCH resource configuration is unknown to the UE, RMSI configures one or multiple configurations. Explicit resource indication by DCI in message 4 or implicit resource differentiation by CCE usage, or PDSCH location among UEs should be considered.
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