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Introduction
It has been agreed that NR supports at least explicit resource allocation without specifying yet many details. In this contribution we discuss our view on some details related to explicit PUCCH resource allocation. 
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In Figure 1 DL transmission is shown where a DL transmission is scheduled in slot n and the HARQ feedback is requested in slot n+1. It has been agreed that the DCI can indicate the slot in which to report HARQ feedback [1] (The time indicator T in the figure is the sum of K0 and K1).
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[bookmark: _Ref473809509]Figure 1	A UE is scheduled with DL data in slot n. Information in DCI indicates that corresponding HARQ feedback should be sent in slot n+1. 
In addition to the timing the UE also needs to know the exact PUCCH resource. It has been agreed to at least support PUCCH resources configured by higher layers and DCI indicates which of the configured resources to use. 
In Figure 2 another scheduling example is shown where a UE is scheduled in subsequent slots with DL transmissions. Due to lack of PUCCH opportunities (e.g. no UL opportunities) HARQ feedback for all shown transmissions is requested in slot n+3. 
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[bookmark: _Ref473809640]Figure 2	A devices is scheduled multiple times and should send HARQ feedback for all transmissions in slot n+3. The ACK/NACK timing indicator included in the DCIs points for all transmissions to slot n+3. The ARI included in the DCIs points to different PUCCH resources to avoid collisions.
While this works in principle it is not the most efficient solution. In the example shown in Figure 2, the UE would have to transmit three independent PUCCH in subframe n+3. This is sub-optimum from many perspectives: One jointly coded transmissions with 3 bits (assuming for simplicity each HARQ feedback consists of a single bit) can be more efficient than 3 individual transmissions; some of the NR PUCCH formats will be of low PAPR which will be lost if multiple PUCCH are transmitted simultaneously; depending on the frequency positions of the PUCCH resources power back-offs might be required to mitigate intermodulation products. It should be possible to request HARQ feedback from DL transmissions from different DL assignments in a single UCI message, see Figure 3. The different DL assignments can relate to different slots but also to different carriers in carrier aggregation.
Proposal 1: HARQ feedback from different DL assignments can be jointly encoded and transmitted with a single UCI message.
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[bookmark: _Ref478034784]Figure 3	HARQ feedback from multiple DL transmissions is sent in one PUCCH.
For simplicity the discussion so far did not consider the fact that an NR UE can be configured with different PUCCH formats. NR defines multiple PUCCH formats: It will support a 1-symbol PUCCH format for 1-2 bits [1], a 1-symbol PUCCH format for >2 bits [1], one or more 2-symbol PUCCH formats [1], one or more long PUCCH formats (for different payload ranges) with lengths 4 to 14 symbols [2]. Furthermore, PUCCH slot aggregation is supported. 
At the last meeting is has also been agreed to support TDM of short and long PUCCH from same UE and two short PUCCH from the same UE [3]. 
One possibility would be to separately indicate which PUCCH format to use (short PUCCH format 1, short PUCCH format2, long PUCH fromat1, …) and on which resources. In addition to the ARI a PUCCH format indicator would need to be included in the DCI. A UE might be configured with different numbers of each PUCCH format which makes separate signalling ineffective, the PUCCH resource field must be dimensioned for the PUCCH format with most configured resources. 
A more efficient solution would be to configure a UE with a pool of PUCCH formats and resources (opportunities). This pool can contain different PUCCH formats, e.g. a few 1-symbol 1-2 bit PUCCH resources, a few 1-2 bit long PUCCH resources, etc. An ACK/NACK resource indicator (ARI) contained in the DCI is used to indicate which PUCCH opportunity (PUCCH format and resource) should be used. In this case it is up to the network to configure which and how many of each PUCCH format to configure. The already agreed time indicator would point to the slot used for HARQ feedback reporting and the ARI would select which PUCCH format on which resource to use in the indicated slot.
Proposal 2: A UE can be semi-statically configured with a pool of PUCCH opportunities consisting of same or different PUCCH formats. An ARI included in the DCI selects a PUCCH opportunity (and implicitly also the format).
The long PUCCH format exists in different length ranging from 4 to 14 symbols. A UE could be instructed to use differently long PUCCH in different slots: It has been agreed in the last meeting that TDM of long and short PUCCH from the same UE is supported in a slot. In this case the long PUCCH must stop before the short PUCCH starts. In another slot where the UE should only transmit long PUCCH it can extend until the end of the slot. One way to handle variable long PUCCH length is to configure the PUCCH pool with differently long PUCCH and use ARI to select among them.   
The length of the long PUCCH must follow from the DCI scheduling the corresponding downlink and/or semi-statically configured: NR supports dynamic TDD and beamforming, if a UE is not scheduled it does not know the length of the uplink portion of a slot. It has been agreed that a UE can derive the slot format from the group common PDCCH but it has also been agreed that a UE should be able to operate without receiving this channel, therefore PUCCH length cannot be signalled on this channel [1]. PUCCH length should therefore be part of the semi-static PUCCH pool configuration, i.e. each configured long PUCCH resource in the PUCCH pool has also a configured length.
Conclusion
In this contribution we discuss our view on PUCCH resource allocation and propose:
Proposal 1: HARQ feedback from different DL assignments can be jointly encoded and transmitted with a single UCI message.
Proposal 2: A UE can be semi-statically configured with a pool of PUCCH opportunities consisting of same or different PUCCH formats. An ARI included in the DCI selects a PUCCH opportunity (and implicitly also the format).
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