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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In NR, since PUCCH is designed for many UCI types, PUCCH resource allocation needs to be discussed based on the UCI type. As in appendix, some agreements on PUCCH resource for HARQ-ACK and SR have been achieved. Based on the agreements and recent email discussions on PUCCH resource allocation, this contribution further discusses the resource allocation issues for HARQ-ACK and SR. 
Discussion 
Resource allocation for HARQ-ACK
PUCCH resource is discussed based on the resource in time domain, frequency domain and code domain. Here, the resource allocation issues and analysis are given based on above three domains, and the process of RRC parameter design.
Indication of time domain resource 
For short duration PUCCH, UE can transmit PUCCH on 1 or 2 symbols in a slot for fast ACK/NACK feedback, and the starting symbol of short PUCCH is agreed to be configured in any position in a slot with FFS whether or not such a configuration is conditioned on non-slot based operation. For long duration PUCCH, the duration could be 4 to 14 symbols in a slot and the starting symbol can be one from symbol #0 to symbol #10. 
The time domain resource is consisted of the starting symbol, the duration in a slot, the starting slot and the number of slots for long PUCCH. It is desirable if the starting symbol could be indicated by dynamic DCI and RRC together. This method is also effective and flexible to UE PUCCH time duration in a slot, considering that PUCCH duration in a slot needs to be variable for URLLC service reliability and channel status changing. For the number of slots for long PUCCH, it has been agreed that it is configured by semi-static way. As to the starting slot, even for dynamic indication of HARQ timing, separate indication of the starting slot is better for more flexibility and simplicity. That is, a separate field in DCI is used to indicate the starting slot while another filed (i.e. PUCCH resource indicator) is used to indicate the used PUCCH resource from a RRC configured PUCCH resource set. If the starting slot is part of the PUCCH resource set configuration, it may be difficult to meet all requirements with limited number of PUCCH resources in a PUCCH resource set, e.g. dynamic change of different HARQ timings, dynamic change of different number of symbols and/or different number of PRBs.    
Proposal 1: The starting slot of PUCCH should be indicated by a separate field in DCI other than PUCCH resource indicator.
For beam-based transmission, implicit indication could be considered. As illustrated in Figure 1, TRP may receive PUCCH in different symbols with different beam directions. For the case that the TRP and UE have channel reciprocity, and if the relationship between symbol index and receiving beam index is known at UE side, the time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair. 
Indication of frequency domain resource 
For PUCCH format 0 and PUCCH format 1, only one PRB will be used for these PUCCH formats for up to 2 bits UCI. For other PUCCH formats, the number of PRBs is variable. As described in [4], 1 to 16 PRBs should be supported for PUCCH format 2. 
The starting PRB and a set of number of PRBs can be configured by RRC signaling for each PUCCH resource in PUCCH resource set(s), respectively. The DCI could explicitly indicate the used PUCCH resource from a RRC configured PUCCH resource set. It will reduce the DCI bits and give eNB flexibility to allocate the frequency resource. In addition, if implicit PUCCH resource determination is supported in NR, then implicit indication of frequency domain resource will be supported also. Considering the tight timeline for phase 1 in Rel-15, implicit PUCCH resource determination could be further studied later. 
One remaining issue is how to indicate the frequency domain resource if intra-slot frequency hopping is enabled. A simple way is to configure the frequency resource of the second hop for each PUCCH resource in PUCCH resource set(s) and the DCI is used to indicate the used PUCCH resource. 
Proposal 2: The frequency resource of the second hop is configured by RRC signalling as part of PUCCH resource set configuration if intra-slot PUCCH frequency hopping is enabled.
Resource set selection 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Based on the current discussion in RAN1, there are five alternatives for PUCCH resource set selection according to the email discussion discussion/approval on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets. It seems Alt. 1 and Alt. 2-1 as below achieve more supports:  
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC).
· K PUCCH resource sets. PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1). 
· N0=1.
· N1=3.
· FFS: value of K. (Example: K=4)
· Ni (i >1) is minimum number of UCI bits for which PUCCH resource set is used. If K > 2 and 1 < i < K-1, Ni is semi-statically configured. (Example: N2 = 20; N3 =100)
· One of [x] PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI.
· FFS: One of the PUCCH resources can be implicitly derived .
· FFS: Some resource sets can be configured differently for PDSCH mapping Type A and PDSCH mapping Type B.
· FFS: Further restriction of the resource set based on signaling from gNB by DCI or MAC CE.
· FFS: Resource set selection based on UCI type.
· Alt.2: One or mutliple PUCCH resource set(s) for each format
· Alt.2-1: Multiple PUCCH resource sets for each format
It is feasible for UE to determine the resource set based on payload size at least for semi-static HARQ-ACK codebook determination. For dynamic HARQ-ACK codebook determination, when the probability of missing DCI is low, e.g. for carrier aggregation scenario, it is also feasible to allow UE to determine the resource set based on payload size. However, when the probability of missing DCI is higher, e.g. for single carrier scenario with poor channel condition, the impact would be more by relying on UE to determine the resource set based on payload size. Alt. 1 could be able to provide the flexibility to gNB to decide whether to let UE to determine the PUCCH resource set based on UCI payload size. For example, if it is not good to allow UE to determine the resource set based on UCI payload size, then gNB could just configure one PUCCH resource set including more than one PUCCH formats then using DCI scheduling PDSCH to indicate the used PUCCH format. To achieve this, N1 in Alt. 1 should be configured by higher layer signaling also. Alt. 2-1 seems hard to achieve this because different formats would always exist in different PUCCH resource sets. 
NR should provide the flexibility to support dynamic changing between different PUCCH formats, same PUCCH format with different number of symbols and/or different number of PRBs.  That is, NR should allow gNB to configure a PUCCH resource set including PUCCH resources with different PUCCH formats and one PUCCH format with different number of symbols and/or number of PRBs. To achieve this, Alt. 1, could avoid increasing PUCCH resource indicator bits compared to Alt. 2-1, because extra bit(s) would be needed to indicate the used PUCCH resource set for Alt. 2-1 assuming the number of PUCCH resources in a PUCCH resource set is fixed for both Alt. 1 and Alt. 2-1. In our understanding, it would be better that the number of PUCCH resources in a PUCCH resource set is fixed (e.g. 4 or 8), no matter whether there is one or more than one PUCCH format included in the resource set, which seems easier to define the mapping from the value of PUCCH resource indicator to the configured PUCCH resource in a PUCCH resource set. 
From signaling perspective, the complexity is similar for Alt.1 and Alt.2-1, because for both RAN2 would need to configure/define IEs for multiple resource set, the difference is that Alt.1 needs to indicate the format for each PUCCH resource in a set, and Alt. 2 needs to indicate the PUCCH format for a resource set. 
Based on the above analysis, Alt. 1 is better.
Proposal 3: For PUCCH resource indication for HARQ-ACK, UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size.
· The applied range of UCI payload size for each PUCCH resource set is configured by RRC signaling.
· One PUCCH resource set can include PUCCH resources corresponding to different PUCCH formats.
· One PUCCH resource set can include PUCCH resources corresponding to one PUCCH format with different number of symbols and/or number of PRBs.
· One PUCCH resource set can include at least one short PUCCH resource and at least one long PUCCH resource.
Resource allocation for SR
In NR, by current RAN2 agreement on SR, multiple SR configurations can be configured to a UE and which SR configuration is used depends on the Logical Channel that triggers the SR. The numerology of the SR transmission does not need to be the same as the numerology of the LCH. In RAN1#90bis meeting, it has been agreed that semi-static resource allocation for SR would be applied. If intra-slot hopping is enabled for PUCCH for SR transmission, the RB index of the second hop could be configured explicitly.
Proposal 4: If intra-slot hopping is enabled for PUCCH for SR transmission, the RB index of the second hop is configured by RRC signaling.
[bookmark: _GoBack]Beam indication considerations
An important consideration for beam-based PUCCH transmissions is beam indication and the possible beam conflicts as discussed in our companion paper [4]. Due to beam conflicts, to receive simultaneous L-PUCCHs from multiple UEs, the scheduler may need to indicate short formats for some PUCCH transmissions even if long formats are preferred for the associated UEs due to coverage reasons. Therefore, we propose that each PUCCH configuration in the configuration set include the format (long vs. short), the allocated resources, beam indications and an associated TPC command in order to compensate for the link budget loss as a result of switching from a long format to a short format.
Proposal 5: Allow each configuration in the PUCCH resource set to include the format, allocated resources, beam indications and an associated TPC command.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution mainly discusses PUCCH design, including the PUCCH resource allocation for HARQ-ACK and SR. Based on the above discussion, we have the following observations and proposals.
Proposal 1: The starting slot of PUCCH should be indicated by a separate field in DCI other than PUCCH resource indicator.
Proposal 2: The frequency resource of the second hop is configured by RRC signalling as part of PUCCH resource set configuration if intra-slot PUCCH frequency hopping is enabled.
Proposal 3: For PUCCH resource indication for HARQ-ACK, UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size.
· The applied range of UCI payload size for each PUCCH resource set is configured by RRC signaling.
· One PUCCH resource set can include PUCCH resources corresponding to different PUCCH formats.
· One PUCCH resource set can include PUCCH resources corresponding to one PUCCH format with different number of symbols and/or number of PRBs.
· One PUCCH resource set can include at least one short PUCCH resource and at least one long PUCCH resource.
Proposal 4: If intra-slot hopping is enabled for PUCCH for SR transmission, the RB index of the second hop is configured by RRC signaling.
Proposal 5: Allow each configuration in the PUCCH resource set to include the format, allocated resources, beam indications and an associated TPC command.
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Appendix
In the RAN1#88 meeting [1], the following agreements and conclusion related to resource allocation for PUCCH were achieved:
Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
Conclusion:
· To determine the time resource for long duration PUCCH in a slot, study further
· Option 1: explicit and dynamic indication
· Option 2: explicit semi-static configuration
· Option 3: implicit determination
· Or a combination thereof
In the RAN1 NR#3 meeting [2], the following agreements related to PUCCH resource were achieved:
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 the RAN1#90bis meeting [3], the following agreements related to SR were achieved:
Agreements:
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
Agreements:
· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI
