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1 Introduction

At the RAN1#90 meeting, the following agreements were made on identification of PUCCH resource [1]:

· In order to identify PUCCH resource, at least following are known by the UE:

· PUCCH format

· Starting symbol in a slot

· Which slot(s) the PUCCH is transmitted

· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· No additional parameters are identified

· For 2-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,

· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,

· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· Sequence/code index

· OCC and, e.g., cyclic-shift

· Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,

· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,

· FFS: details

· FFS: for transmit diversity

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
In this contribution, we present our view on resource configuration and allocation for NR PUCCH.  

2 PUCCH resource configuration by higher layers
In the RAN1 AH#3 meeting, some candidate approaches were agreed for down-selection as to PUCCH resource configuration by higher layers, as captured below [2]. We discuss and propose schemes to configure PUCCH resources along with the required sets of resources configured by higher layers for each of the PUCCH formats.
· 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

As per RAN1 agreements [1][2], NR adopts five PUCCH formats, among which formats 0 and 2 are for short duration PUCCH and formats 1, 3 and 4 are for long duration PUCCH. Each PUCCH format employs different structure, and the supported payload size and/or UCI types are different. Further, the required resources and their amount such as cyclic shift, OCC, PRB, etc. can be different between the formats. Thus, it seems reasonable for each PUCCH format to be configured separately with the resources required for the format, as discussed in more detail below.
PUCCH formats 0 and 1 carry 1~2 UCI bits on short and long PUCCHs, respectively. For these PUCCH formats, CAZAC sequence with a cyclic shift assigned to the UE is used to carry the 1~2 UCI bits. In case of format 1, a BPSK/QPSK modulation symbol is multiplied with the CAZAC sequence, and with format 0, a cyclic shift corresponding to the UCI bits is selected. Multiple UEs can be multiplexed on the same PRB using different cyclic shifts of a base CAZAC sequence. As such, PRB index and cyclic shift index are the required resources for these PUCCH formats. For long PUCCH for 1~2 UCI bits (format 1), OCC is additionally applied on top of cyclic shift and should be configured as well. Also, DMRS sequence related parameters should be configured for PUCCH formats 2 and 4 which carry more than 2 UCI bits and their DMRS resources are separately defined from those for UCI. On the whole, some candidate sets, e.g., [4] sets, of these resources can be configured by higher layers in a UE specific manner and DCI can indicate which resource set to use in the corresponding slot. If a base CAZAC sequence for each PUCCH format is configured in a cell specific manner or commonly configured for all the PUCCH formats which need to employ a CAZAC sequence, base sequence would not need to be a part of the candidate resource sets and rather can be separately configured. 
On the other hand, PUCCH formats 2 and 4 (FFS format 3 structure) carry more than 2 UCI bits on short and long PUCCHs, respectively, and CAZAC sequence is not used to carry UCI modulation symbols unlike PUCCH formats 0 and 1. Even more, multiple PRBs can need to be configured in cases of carrying large payload size. In these regards, Opt. 2 is more reasonable than Opt. 1 among the agreed candidate options, because different types and amount of resources should be configured for the respective PUCCH formats.
Regarding the time domain resource, the start symbol and duration for long PUCCHs should be configured by high layers because many combinations of the start symbol and duration for long PUCCHs are possible and indication solely by DCI will incur large signaling overhead, as discussed in detail in our companion contribution [6]. For example, four candidate locations can be configured by higher layers and one of them can be indicated by DCI for the corresponding slot [6]. Besides, configuration of frequency hopping resources is required for long PUCCHs in cases that frequency hopping is enabled. This applies to short PUCCHs with 2-symbol duration as well. On which slot HARQ-ACK feedback has to be transmitted will be indicated by DCI as agreed in RAN1. Whether indication of the slot to transmit the HARQ-ACK feedback should be a part of the candidate resources configurations by higher layers should be further investigated in conjunction with designs of HARQ-ACK timeline. 
In case of short PUCCHs, index of the symbol carrying the PUCCH can be directly indicated by DCI between the last and 2nd-to-the-last symbols without relying on high layer configuration. However, if HARQ-ACK transmission on any symbol in a slot is to be supported like as agreed for SR [1], then configuring some candidate symbol locations for HARQ-ACK short PUCCH transmissions by higher layers can be required in order to avoid significant increase in the DCI overhead to indicate the symbol index. 

SR can be transmitted using any of the PUCCH formats like HARQ-ACK. SR transmission usually occurs in a UE autonomous manner. Unlike HARQ-ACK, a single or multiple resource(s) can be configured with a pre-defined periodicity by higher layers in general and the UE can use the configured resource to transmit SR when it has UL data which needs to be scheduled by the gNB. Likewise, CSI requires its own resource configuration because its transmission periodicity and the required amount of the resource are different from HARQ-ACK and SR. Even more, different resource configurations would be necessary among CSI reports depending on the CSI feedback type (periodic, semi-persistent, aperiodic), report payload size, etc. In these regards, PUCCH resource should be separately configurable for different UCI types as well as for different PUCCH formats. 

Proposal 1
· One or multiple set(s) of PUCCH resources are configured for each of UCI types for a given PUCCH format. 
· Especially, for HARQ-ACK, higher layer configures resource(s) for each of the PUCCH formats as proposed below, and DCI indicates which resource to use in the corresponding slot:
· Format 0: [4] candidate sets of resources (PRB index, cyclic shift), [2] frequency hopping patterns in case of 2-symbol PUCCH.
· Format 1: [4] candidate sets of resources (PRB index, cyclic shift, OCC), [4] candidate sets of time location (start symbol, duration), [2] frequency hopping patterns.

· Format 2: [4] candidate sets of resources (start PRB), [2] sets of DMRS PN sequence seed parameters, [2] frequency hopping patterns in case of 2-symbol PUCCH.
· Format 3: TBD until the structure is agreed in RAN1.

· Format 4: [4] candidate sets of resources (start PRB), [4] candidate sets of time location (start symbol, duration), [2] frequency hopping patterns, [2] sets of DMRS sequence parameters (cyclic shift, OCC).
· For PUCCH formats 0 and 2, DCI explicitly indicates on which symbol to carry the short PUCCH.

· FFS: in case of supporting HARQ-ACK to be sent on any symbol within a slot, [4] candidate sets of time location (start symbol, duration (1 or 2 symbols)) can be configured by higher layers.
3 PUCCH resource allocation for HARQ-ACK feedback

3.1 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 2
· 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.

3.2 Short or long PUCCH for HARQ-ACK feedback of Msg. 4
Note that NR PUCCH can be transmitted with either short or long duration. As analyzed in [5], short PUCCH is mainly targeted for cell center UEs with relatively good link budget. Long PUCCH, however, can be used to carry UCI payload for cell edge UEs where coverage enhancement is needed. 

For HARQ-ACK feedback of Msg. 4 in RACH procedure, it may be also desirable to allow gNB to allocate appropriate amount of resource for PUCCH on whether short or long PUCCH is employed. In this regard, resource waste for UL control channel may be reduced, thereby improving system level spectrum efficiency. For instance, for UEs in a good coverage, gNB may assign resource for UL control channel with short duration, which may result in better scheduling flexibility and increased DL date throughput for dynamic TDD system due to reduced UL control channel overhead, given the fact that center part of resource within one slot can be allocated for either DL or UL data transmission.

This early PUCCH resource allocation can be realized by PRACH resource partitioning so as to inform gNB on coverage status for one particular UE. For initial access, UE may first measure pathloss between gNB and UEs, and subsequently randomly selects one preamble signature in a subset according to the measured pathloss and transmits PRACH signal in the associated PRACH resources. Upon successful PRACH detection on dedicated resources, gNB can determine coverage status for this UE and allocate proper amount of resource for UL control channel. Further, whether short or long PUCCH is employed for HARQ-ACK feedback of Msg. 4 can be explicitly indicated either in Msg. 2 or in the DCI for scheduling transmission of Msg. 4. 

Proposal 3
· Whether short or long PUCCH carrying up to 2 UCI bits is employed for HARQ-ACK feedback of Msg. 4 can be indicated either in Msg. 2 or in the DCI for scheduling transmission 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
· One or multiple set(s) of PUCCH resources are configured for each of UCI types for a given PUCCH format. 

· Especially, for HARQ-ACK, higher layer configures resource(s) for each of the PUCCH formats as proposed below, and DCI indicates which resource to use in the corresponding slot:

· Format 0: [4] candidate sets of resources (PRB index, cyclic shift), [2] frequency hopping patterns in case of 2-symbol PUCCH.

· Format 1: [4] candidate sets of resources (PRB index, cyclic shift, OCC), [4] candidate sets of time location (start symbol, duration), [2] frequency hopping patterns.

· Format 2: [4] candidate sets of resources (start PRB), [2] sets of DMRS PN sequence seed parameters, [2] frequency hopping patterns in case of 2-symbol PUCCH.

· Format 3: TBD until the structure is agreed in RAN1.

· Format 4: [4] candidate sets of resources (start PRB), [4] candidate sets of time location (start symbol, duration), [2] frequency hopping patterns, [2] sets of DMRS sequence parameters (cyclic shift, OCC).

· For PUCCH formats 0 and 2, DCI explicitly indicates on which symbol to carry the short PUCCH.

· FFS: in case of supporting HARQ-ACK to be sent on any symbol within a slot, [4] candidate sets of time location (start symbol, duration (1 or 2 symbols)) can be configured by higher layers.
Proposal 2
· 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.
Proposal 3
· Whether short or long PUCCH carrying up to 2 UCI bits is employed for HARQ-ACK feedback of Msg. 4 can be indicated either in Msg. 2 or in the DCI for scheduling transmission of Msg. 4.
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