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1 Introduction

At the RAN1 #88 meeting, the following agreements were made regarding PUCCH resource allocation for HARQ-ACK feedback [1]: 

· 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

In this contribution, we present our view on PUCCH resource allocation for HARQ-ACK prior to RRC configuration and in case of RRC reconfiguration. In addition, we discuss mechanisms on switching between short and long PUCCH. 
2 PUCCH resource allocation for HARQ-ACK feedback

PUCCH resource allocation prior to RRC configuration
As agreed in the RAN1#88 meeting [1], 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 [2]. Note that the former can be considered as UE group or common control resource set, while the latter can be referred to as UE specific control resource set. Given that UE specific control resource set is configured via dedicated RRC signalling, it is not available during RACH procedure for initial access. In this case, gNB would rely on common control resource set 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 DL control resource sets in order to resolve congestion issue and reduce blocking probability of DL control channel, especially considering the support of wider system bandwidth. In this case, gNB may allocate different DL control resource sets in different sub-bands within one system bandwidth, which can help offload some PDCCH transmission and resolve congestion in one subband. 
To allow UE to monitor appropriate DL control resource set, one to one association rule may be defined between PRACH resource set and DL control resource set. Figure 1 illustrates multiple common DL control resource sets within a slot, where each DL control resource set has one-to-one association with PRACH resource set. Further, a set of PUCCH resources carrying HARQ-ACK feedback of Msg. 4 can be associated with each DL control resource set. 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 DL control resource sets
Figure 2 illustrates association between PRACH resource set, DL control resource set and PUCCH resource set. Note that the partition of PRACH resource set, configuration of multiple DL control resource sets, 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 SIB. 
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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 DL control resource set, 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 1
· From network perspective, multiple DL control resource sets can be configured via SIB. 

· Association between PRACH resource set, DL control resource set and a set of PUCCH resources for HARQ-ACK feedback of Msg. 4 can be defined and configured by SIB.
· One field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4.
Note that NR PUCCH can be transmitted with either short or long duration. In particular, for short PUCCH, UL control channel and data channel may be multiplexed in a TDM manner while for long PUCCH, FDM based multiplexing between UL control channel and data channel can be considered for NR. As analyzed in [3], 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 2
· Whether short or long PUCCH 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.
PUCCH resource allocation in RRC reconfiguration
In case of RRC reconfiguration, a set of PUCCH resources for HARQ-ACK feedback of DL data transmission may be updated. To ensure alignment between gNB and UE, a certain fall-back mechanism needs to be defined during RRC reconfiguration window. 
Within this transient time, e.g., 15ms or 20ms after RRC reconfiguration message is transmitted and successfully received at the UE, UE may still use an old set of PUCCH resources prior to RRC reconfiguration for HARQ-ACK feedback of unicast transmission. Further, after passing this RRC reconfiguration window, UE starts to use the new set of PUCCH resources which is configured in the RRC reconfiguration message. In addition, one field in the DCI can be used to indicate which PUCCH resource from the new set of configured resources is used for HARQ-ACK feedback.
Proposal 3
· During RRC reconfiguration window, UE assumes a set of PUCCH resource prior to RRC reconfiguration. 
3 Switching between short and long PUCCH
As mentioned above, short and long PUCCH are mainly targeted for cell centered and cell edge UEs, respectively. Hence, depending on UE coverage status, UE is only allocated for short or long PUCCH for a given time instance. Note that for UEs in a mobility condition, coverage status may change somewhat dynamically, e.g., from good coverage to bad coverage. In this case, it may need to be supported for UL control channel to switch from short duration to long duration, or vice versa. 
One straightforward approach is to update the resource allocation between short and long PUCCH via RRC signalling. Alternatively, L1 or L2 signalling may be defined to allow for fast switching of short or long PUCCH. In this case, independent resources may be configured for short and long duration, and one bit indicator in the DCI may be defined to indicate which type is used for UL control channel transmission. 
Note that this fast short and long PUCCH switching may be beneficial in carrier aggregation with dynamic HARQ-ACK codebook determination where gNB may schedule DL transmission among CCs in a dynamic manner. In this case, the number of HARQ-ACK feedback bits carried by PUCCH may vary substantially, which may motivate the need of dynamic switching between short and long PUCCH in order to maintain a reasonable coding rate and ensure robust performance for UCI. 

Based on the analysis above, considering the impact from switching latency and signalling overhead, further investigation is needed to define a proper mechanism to switch between short and long PUCCH.
Proposal 4
· UE is only allocated for short or long PUCCH for a given time instance. 
· Switching between short and long PUCCH is supported in NR. 

· FFS: detailed mechanism. 

4 Conclusions

In this contribution, we shared our view on PUCCH resource allocation for HARQ-ACK prior to RRC configuration and in case of RRC reconfiguration as well as mechanisms on switching between short and long PUCCH. Based on the discussion, our views are provided through the following proposals:
Proposal 1
· From network perspective, multiple DL control resource sets can be configured via SIB. 

· Association between PRACH resource set, DL control resource set and a set of PUCCH resources for HARQ-ACK feedback of Msg. 4 can be defined and configured by SIB.
· One field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4.
Proposal 2
· Whether short or long PUCCH 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.
Proposal 3
· During RRC reconfiguration window, UE assumes a set of PUCCH resource prior to RRC reconfiguration. 
Proposal 4
· UE is only allocated for short or long PUCCH for a given time instance. 

· Switching between short and long PUCCH is supported in NR. 

· FFS: detailed mechanism. 
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