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Introduction
In RAN1 AH#3 [1], the following were agreed for PUCCH resource allocation:
 
Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources 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

In this contribution, we share our views on resource allocation for PUCCH. 
Discussion
In NR, two main categories of PUCCH formats are supported: long PUCCH and short PUCCH. Under long PUCCH, the supported formats are: PUCCH for 1-2 bits with user multiplexing, PUCCH for large payload without user multiplexing, and PUCCH for moderate payload with user multiplexing. Under short PUCCH, the supported formats are: PUCCH for 1-2 bits with user multiplexing and PUCCH with more than 1-2 bits. In addition, short PUCCH may consist of 1 or 2 OFDM symbols.
Time domain resource allocation:
Each of the PUCCH formats supported in NR may consist of a varying number of OFDM symbols than the other format. As an example, the long PUCCH format without multiplexing capacity proposed in [2] provides 26 configurations supporting from 4 to 14 OFDM symbols. Long PUCCH with moderate payload and long PUCCH with large payload may use a subset of these configurations. In addition to the number of symbols, the positions of the symbols within a slot may vary according to the specific configuration.
Similarly, short PUCCH may consist of one or two OFDM symbols, and may be transmitted at the end of a slot as well as within the slot to support low latency applications. 
Therefore, for time domain resource allocation, the UE has to know the slot index, index of the starting symbol within the slot and the duration of the PUCCH transmission.
Frequency domain resource allocation: 
In NR, the PUCCH region can be placed anywhere in the system bandwidth or the bandwidth part. Depending on the PUCCH format, the number of required RBs may differ. For example, while 1 RB is sufficient for short PUCCH with less than 2 bits, a larger number of RBs may be needed for short PUCCH with more than 2 bits. Similarly, long PUCCH with 1-2 bits may occupy 1 RB while long PUCCH with large and moderate payload may use a larger bandwidth.
Therefore, for frequency domain resource allocation, the UE has to know the starting RB index and the PUCCH bandwidth. The PUCCH bandwidth may be explicitly signalled or derived from the UCI size as was also proposed in [3]. Note that for some formats the bandwidth is already known; for example, short and long PUCCH with 1-2 bits may always use 1 RB. 
To have flexible and efficient use of resources, it is desirable that the configured PUCCH resource set can be used by all or several PUCCH formats. Opt. 2 proposes to allocate resources for each PUCCH format. Since the number of PUCCH formats is large (3 long PUCCH formats and 4 short PUCCH formats), Opt. 2 may result in waste of resources as it may not be possible to share the resources among different formats. Opt. 3 proposes to allocate resources for each duration of PUCCH format. Similarly, the number of possible PUCCH durations may be very large, making Opt. 3 undesirable. Opt. 4 also reduces the possibility of resource sharing. For example, despite one set of resources can be used for long PUCCH with 1-2 bits or a larger payload, Opt. 4 does not allow such resource sharing.
Based on the above discussion on time and frequency resources, one can see that it is possible to have one set of PUCCH resources for same or different PUCCH formats (Opt.1) as long as the time and frequency resources are known to the UE. In this approach, available RBs may be used by any of the available PUCCH formats, creating the concept of “mixed RBs”. As an example, Figure 1 shows the segmentation of a set of resources into numerous PUCCH formats. 
One method to inform the UE of the time and frequency resources is to utilize explicit signaling of the resource parameters e.g., slot index, starting symbol index, duration of transmission, RB index, bandwidth. Another method proposed in [3] is to combine the PUCCH symbol timing, format and resource indicator into a single DCI field. This method requires that the configured resource set contains all possible resource combinations for short and long PUCCH, which may result in large signaling overhead and reduced scheduling flexibility.
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Figure 1: Resource set segmentation into different PUCCH formats
To further reduce the signaling overhead, two resource sets may be defined, one for long PUCCH and one for short PUCCH as shown in Figure 2. Per current agreements, short PUCCH occurs at the end of a slot. However, there are proposals to support short PUCCH transmission in a non-slot based fashion to support low latency applications. If this approach is supported in NR, then having separate resource sets for long and short PUCCH would increase the scheduling flexibility.
It has been agreed that short PUCCH for 1-2 bits uses sequence based transmission for both 1-symbol and 2-symbol PUCCH. In case of 2-symbol PUCCH, the same sequence is repeated in the second OFDM symbol. This means that short PUCCH with 1 and 2 symbols may be multiplexed on the same time frequency resources. 
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[bookmark: _Ref494698653]Figure 2: Two resource sets for long and short PUCCH formats

Summary
In this contribution, we shared our views on PUCCH resource allocation. The following is proposed:

Proposal 1: Option 1 (One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats) is supported.
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