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1 Introduction

In the RAN1#90b meeting, the following agreements were made on configuration and indication PUCCH resource [7]:

· For both slot-based and non-slot based DL transmissions, and for identifying 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.
Additionally, RAN1 had extensive email discussion on the issue after the RAN1#90b meeting, but failed to reach agreements regarding some outstanding open issues. Taking into account the above RAN1 agreements and views in the email discussions, we present our view on resource configuration and allocation for NR PUCCH in RRC connected state and also HARQ-ACK PUCCH resource allocation during initial access and RRC reconfiguration.
2 PUCCH resource configuration by higher layers
As captured in the latest drafts of TS 38.211 and 38.213 [8][9], five PUCCH formats 0~4 are supported in NR, among which formats 0 and 2 are for short PUCCH and formats 1, 3 and 4 are for long PUCCH. In the RAN1#90b meeting and the subsequent email discussions, RAN1 extensively discussed down-selection between the following alternatives, with omitting the sub-alternatives Alt. 2-x’s below:
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· Alt.2: One or multiple PUCCH resource set(s) for each format.
The companies’ views were somewhat divergent and did not quite converge to a single alternative. The down-selection should be decided in the coming RAN1#91 meeting. The moderator of the email discussion provided an excellent summary [10] of the discussion, and technical aspects and the views, though diverse, are clearly provided in the summary. In this contribution, we more focus on the key motivation behind our proposal and actually slight change of the position. 
We still believe that Alt. 2 is a simpler and cleaner design, and should be well workable in practical deployment scenarios. We do not agree to some concerns such as more overhead and support of dynamic switching. However, we agree that Alt. 1 is a kind of superset of Alt. 2, and can be more flexible, whether it is practically meaningful or not. That is, Alt. 1 can support disproportionate distribution of the configured resource sets between the formats. For example, in small cell scenarios, resource sets for short PUCCH formats can take more proportion and vice versa in very large cell scenarios to the UEs on the cell edge. Although there is a concern over complicated specification with Alt. 1, it may not do a serious harm. 
Proposal 1
· Alt. 1 (PUCCH resource sets for multiple PUCCH formats) is slightly preferred due to more flexibility.
·  Alt. 2 is agreeable as well, as it provides a cleaner design and is workable in practical scenarios.
Adoption of implicit indication of the resource set for PUCCH formats 0 and 1 was extensively discussed during the email discussion after the RAN1#90b meeting. The implicit indication approaches aim to reduce resource collision probability compared to the explicit indication approaches based on hybrid signaling of RRC and DCI. For an example, CCE index of the scheduling PDCCH can be used to indicate the resource set to be used in the corresponding slot. The email discussion summary provided by the moderator [10] provides a comprehensive summary of the views and technical issues. The views were somewhat divergent about whether the implicit indication can reduce the resource collision probability when replacing the explicit indication. Some concerns are as follows:
· CORESETs are UE specific and there can be multiple CORESETs within a slot

· UEs in different CORESETs and also UEs in different slots can have same starting CCE
· Number of CCEs in a UE specific CORESET can be limited compared to the number of resource combinations

Considering all the raised concerns, it is still concerned that implicit indication itself can become a stand-alone scheme to entirely replace the explicit indication. If the implicit indication is to be introduced in order to reduce the resource collision, it can be jointly applied with the explicit indication as an alternative approach. Instead of indicating the full index for the resource set, it can provide an offset to the resource set indicated by the explicit indication. For example, CCE index of the scheduling PDCCH can be used to adjust the starting PRB index for easier collision avoidance which have been indicated through the explicit indication by RRC and DCI.
Proposal 2
· Implicit indication is jointly applied with the explicit indication by RRC and DCI, but not as an additional mode or to replace the explicit indication.

·  CCE index adds an offset to the starting PRB index explicitly indicated by RRC and DCI for collision avoidance.
It was discussed during the RAN1#90b meeting and the email discussions whether starting slot should be included in the resource sets or not. Starting slot is a parameter which enables the gNB to control the HARQ timing, and takes a separate dimension from the resource set configuration. In order to support that the gNB scheduler flexibly controls the HARQ timing in an on-demand manner, the gNB should be supported to decide on the HARQ timing independently and then search and select a resource set available in the corresponding slot among the pre-configured candidate sets of the resources. However, if it is necessary to control the DCI overhead due to the straightforward indication of starting slot via DCI, a candidate set of starting slot indexes can be pre-configured by RRC, and DCI can indicate one among the configured indexes.
Proposal 3
· Starting slot is indicated by a dedicated DCI field separately from the one to indicate the resource set.
3 PUCCH resource allocation prior to RRC configuration 
As agreed in the RAN1#88 meeting [3], a set of PUCCH resources is configured by higher layer signalling and one PUCCH resource within the configured set is dynamically indicated by DCI for the transmission of HARQ-ACK feedback. However, prior to RRC configuration, the set of PUCCH resources is not known at UE side, e.g., for HARQ-ACK feedback of Msg. 4 transmission during 4-step RACH procedure. Hence, certain mechanisms need to be defined to allow UE to transmit the HARQ-ACK on the allocated PUCCH resource. 

To resolve this issue, one potential approach is to explicitly signal PUCCH resource in Msg. 2 for HARQ-ACK feedback of Msg. 4. After successfully decoding the RAR message, UE can determine the PUCCH resource to feedback HARQ-ACK for the corresponding Msg. 4 transmission. As multiple RAR messages can be aggregated and broadcasted to multiple UEs as common control message, larger amount of resource for PDSCH carrying aggregated RAR messages can be expected in order to ensure robust performance for random access. In this regard, it is desirable not to substantially increase the payload size of each individual RAR message. 

As agreed in the RAN1 #87 meeting, time/freq. resource containing at least one search space is obtained from MIB/SIB or implicitly derived from initial access information. In addition, time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling [4]. Note that the former can be considered as UE group or common control resource set (CORESET), while the latter can be referred to as UE specific CORESET. Given that UE specific CORESET is configured via dedicated RRC signalling, it is not available during RACH procedure for initial access. In this case, gNB would rely on common CORESET for the scheduling of the transmission of Msg. 2, (re)transmission of Msg 3 and Msg. 4, which may inevitably result in control channel congestion. 

Hence, from network perspective, it may be more desirable to configure multiple common CORESETs in order to resolve congestion issue and reduce blocking probability of DL control channel, especially considering the support of a wider system bandwidth. In this case, gNB may allocate different CORESETs in different bandwidth parts within one system bandwidth, which can help in offloading some PDCCH transmission and resolving congestion in one bandwidth part. 

Figure 1 illustrates multiple common CORESETs within a slot, where each common CORESET is configured within one bandwidth part. To allow UE to monitor appropriate CORESET, one to one association rule may be defined between PRACH resource set and common CORESET. Further, each common CORESET can be associated with a set of PUCCH resources carrying HARQ-ACK feedback of Msg. 4. In addition, one field in DCI for the scheduling of Msg. 4 can be used to indicate which one PUCCH resource from the configured resource set is used for the transmission of HARQ-ACK feedback. 
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Figure 1. Multiple common CORESETs

Figure 2 illustrates association between PRACH resource set, common CORESET and PUCCH resource set. Note that the partition of PRACH resource set, configuration of multiple CORESETs, and the set of PUCCH resource sets for carrying HARQ-ACK feedback of Msg. 4, as well as association between PRACH, DL control and PUCCH resource set can be configured via remaining minimum system information (RMSI). 
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Figure 2. Association between PRACH, DL control and PUCCH resource set
In the first step of RACH procedure, UE randomly selects one PRACH resource in time, frequency or code domain for the transmission of PRACH preamble. Subsequently, UE would monitor the PDCCH for the scheduling of Msg. 2, Msg. 3 and Msg. 4 within the corresponding CORESET, which is associated with the PRACH resource set which PRACH preamble belongs to. Further, according to the set of PUCCH resources from higher layer signalling and indication from DCI field, UE would transmit the HARQ-ACK feedback for Msg. 4 on the allocated PUCCH resource. 

Proposal 4
· From network perspective, multiple common CORESETs can be configured by higher layers. 

· Association between PRACH resource set, common CORESET and a set of PUCCH resources for HARQ-ACK feedback of Msg. 4 can be defined and configured.

· One field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4.

4 Conclusions

In this contribution, we shared our view on resource allocation for NR PUCCH. Based on the discussions, we summarize our views through the following proposals:
Proposal 1
· Alt. 1 (PUCCH resource sets for multiple PUCCH formats) is slightly preferred due to more flexibility.

·  Alt. 2 is agreeable as well, as it provides a cleaner design and is workable in practical scenarios.

Proposal 2
· Implicit indication is jointly applied with the explicit indication by RRC and DCI, but not as an additional mode or to replace the explicit indication.

·  CCE index adds an offset to the starting PRB index explicitly indicated by RRC and DCI for collision avoidance.

Proposal 3
· Starting slot is indicated by a dedicated DCI field separately from the one to indicate the resource set.

Proposal 4
· From network perspective, multiple common CORESETs can be configured by higher layers. 

· Association between PRACH resource set, common CORESET and a set of PUCCH resources for HARQ-ACK feedback of Msg. 4 can be defined and configured.
· One field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4.
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