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1 Introduction
During RAN1 NR#3 meeting, RAN1 made the following agreements for resource allocation for NR physical uplink control channel (PUCCH): 
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 this document, we discuss PRB and symbol allocation for short PUCCH and determination of PUCCH duration (i.e. short PUCCH vs. long PUCCH) and a PUCCH resource for HARQ-ACK feedback in response to Msg4. This document is a resubmission of R1-1716642.   
2 Resource allocation for short PUCCH

2.1 Resource allocation in the frequency domain

Short PUCCH PRB resource can be determined based on a selected sub-band group and selected RBGs within the selected sub-band group. The sub-band group may consist of one or more sub-bands evenly distributed over a bandwidth part (BWP). Each sub-band consists of one or more resource block groups (RBGs), and each RBG consists of one or more contiguous resource blocks (RBs), e.g. 3 RBs. RBG-level resource aggregations can be considered for improved channel and interference estimation and for reduced signalling overhead. gNB may semi-statically configure a UE with a UE-specific sub-band group, and may dynamically indicate allocated RBGs within the configured UE-specific sub-band group. Further scheduling flexibility can be achieved by dynamically signalling both the sub-band group and allocated RBGs within the sub-band group. This RA scheme can support both frequency-selective and frequency diversity scheduling, and can accommodate wideband short PUCCH transmission which may be required for unlicensed band operation.   
Figure 1 illustrates an example of sub-band groups and frequency hopping of the sub-band groups over slots. For example, the system transmission bandwidth is 100 RB, and edge 2 RBs of each side of transmission band are reserved for long PUCCH or for UL data. Each sub-band consists of 2 RBGs, and each RBG consists of 3 RBs. 16 sub-bands exist in the system, and 4 sub-band groups, i.e. 4 sub-bands (or 8 RBGs) per sub-band group, can be defined. For dynamic signaling of short PUCCH resource allocation, 2 bits can be used for selection of sub-band group, and a bitmap of 8 bits can be used to indicate selected RBGs within the selected sub-band group. Figure 2 illustrates short PUCCH resource allocation with 2 RBG aggregations, and each bit in the bitmap indicates resource assignment of a corresponding RBG. Compared to LTE DL type 0 or type 1 resource allocation (RA), the proposed short PUCCH resource allocation scheme requires less number of bits, e.g. 25 bits for LTE DL type 0/1 RA vs. 10 bits for the proposed scheme in the case of 100 RB system bandwidth. Frequency-hopping of the sub-band groups over slots as shown in Figure 1 can provide frequency diversity and interference randomization for semi-statically configured short PUCCH (e.g. SR) resources.    

The resource allocation scheme described above can be used for resource allocation of short UL data in the short UL control region. 

Proposal 1: Consider RBG-level resource aggregation for short PUCCH of more than 2 bits or short UL data in the short UL control region.  
Observation 1: RBG aggregation within a sub-band group can support both frequency-selective and frequency diversity scheduling, and can reduce resource allocation signalling overhead.  
Proposal 2: Support sub-band group and RBG based frequency-domain resource allocation for short PUCCH of more than 2 bits or short UL data in the short UL control region.  
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Figure 1 Example for frequency hopping of short PUCCH sub-band groups over slots
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Figure 2 Example of resource allocation and signaling for short PUCCH
2.2 Resource allocation in the time domain

The symbol/slot in which the UE transmits HARQ/ACK using short PUCCH may depend on the DL search space configured for the UE. The set of OFDM symbols for DL control channel monitoring are typically located in the beginning of a slot/mini-slot. The control channel candidates can be mapped to CCEs/REGs in the set OFDM symbols as shown in Figure 3. 

As shown in the Figure 3, if the UE determines its DL assignment by decoding candidate c1 or c2 (i.e., those present in OFDM symbol s1) of slot x, it transmits corresponding HARQ-ACK in OFDM symbol s13 of slot x; if the UE determines its DL assignment by decoding a candidate (e.g. c3, or c5) in a later symbol (e.g. symbol s2 or s3) it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x.. For cases where the UE time budget does not allow same slot transmission of HARQ-ACK, the UE may transmit HARQ-ACK in next slot for PDSCH corresponding to control channel candidates decoded in later OFDM symbols. For examples, if the UE determines its DL assignment by decoding candidate c1 or c2 or c3 or c4 (i.e., those present in OFDM symbol s1 or s2), it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x; if the UE determines its DL assignment by decoding candidate c5 or c6 (i.e., those present in OFDM symbol s3), it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x+1. 
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Figure 3 Example of UL HARQ-ACK transmission symbol determination based on OFDM symbol of DL control channel candidate.
Such an approach is useful for reducing UE complexity by giving the UE enough processing time to decode data and send HARQ-ACK based on when the UE finishes its control channel decoding, i.e., if the control channel candidate is decoded early because it is sent in an earlier DL OFDM symbol, corresponding HARQ-ACK can be sent in an earlier UL OFDM symbol, and if the control channel candidate is decoded later because it is sent in an later DL OFDM symbol, corresponding HARQ-ACK can be sent in an later UL OFDM symbol without forcing the UE to implement a tighter HARQ processing time-line based on the last possible DL OFDM symbol for control channel decoding and the first possible UL OFDM symbol/slot for corresponding HARQ-ACK transmission.

Proposal 3: UL symbol(s)/slot in which UE sends HARQ-ACK on short PUCCH corresponding to decoded DL data can be dependent on the DL OFDM symbol in which the corresponding control channel candidate is decoded,  in order to provide the UE enough processing time to decode data and send HARQ-ACK..
3 PUCCH resource allocation for HARQ-ACK feedback in response to Msg4

3.1 PUCCH duration type (long vs short PUCCH)
One straightforward way is that UE always employs a long PUCCH for HARQ-ACK feedback to Msg4, in order to avoid potential PUCCH coverage limitation and UE capability issues. During initial access, it may be difficult for gNB to estimate uplink (UL) path loss, UE’s power headroom, or UE capability to support low latency traffic with short PUCCH/PUSCH. Thus, the long PUCCH with longer transmission duration may guarantee reliable UCI decoding and serve all types of UEs. 
Following options can be considered to determine the long PUCCH duration in terms of number of symbols for Msg4 HARQ-ACK feedback: 
· Option 1: to use a pre-determined number of OFDM (or DFT-s-OFDM) symbols based on a reference numerology of a given frequency band
· Option 2:  to indicate, as a part of system information, the number of symbols, which may depend on a cell size and/or the number of semi-statically configured symbols for a downlink control region for particularly a TDD system. 
· Option 3: to indicate the number of symbols implicitly or explicitly in the DCI which includes DL scheduling information for Msg4. 
With dynamic TDD operation, Option 1 and 2 may cause DL scheduling restriction to provide pre-determined or semi-statically configured UL duration. If the pre-determined or semi-statically configured UL duration for HARQ-ACK transmission is realized over non-contiguous symbols of multiple slots, it may cause unnecessary HARQ-ACK feedback delay for some UEs. In Option 3, the long PUCCH duration may be determined according to the available UL symbols in a slot where Msg4 HARQ-ACK feedback will be transmitted. Further, gNB can adjust the long PUCCH duration based on various criteria, e.g. preamble received power, UE’s implicit indication on path loss based on preamble set selection.   

Alternatively, the PUCCH duration type for Msg4 HARQ-ACK feedback may change depending on operating conditions, e.g., whether the UE is in RRC-connected state or not. For example, UE may use a long PUCCH for HARQ-ACK feedback to Msg4 if not in RRC-connected state; if the UE is in RRC-connected state, the UE may use short PUCCH for Msg4 HARQ-ACK feedback based on e.g,, configuration signaling, path loss threshold, the number of Msg3 PUSCH transmissions, and/or Msg3 modulation and coding scheme (MCS).  

If both gNB and UE identify the PUCCH duration type based on, e.g. number of Msg3 transmissions and/or Msg3 MCS, UE may interpret some of DCI bit fields in PDCCH, which delivers scheduling information for Msg4 and Msg4 HARQ-ACK feedback, differently depending on the identified PUCCH duration type. Moreover, if support of short PUCCH is UE capability, UE may indicate in Msg3 whether to support short PUCCH or not via e.g. 1 bit flag. Figure 4 illustrates selection of PUCCH duration type based on the number of Msg3 transmission; if only one Msg3 transmission occurs before Msg4 reception, UE uses a short PUCCH for Msg4 HARQ-ACK feedback; otherwise, a long PUCCH is used for Msg4 HARQ-ACK feedback. A high number of retransmissions may occur, if the interference level changes dynamically and accordingly, the initial MCS selection is not optimal. In this case, overprovisioning PUCCH resource by using long PUCCH may be useful to avoid potential PUCCH decoding error due to dynamic interference variation.
Proposal 4: Consider the following options for PUCCH duration type for Msg4 HARQ-ACK feedback
· Option 1: UE always employs a long PUCCH for Msg4 HARQ-ACK feedback, in order to avoid potential PUCCH coverage limitation and UE capability issues.
· Option 2: The PUCCH duration type for Msg4 HARQ-ACK feedback may change depending on operating conditions, e.g. the total number of Msg3 transmissions and/or MCS allocated to Msg3.
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Figure 4 Examples of PUCCH type selection for Msg4 HARQ-ACK feedback based on the number of Msg3 transmissions 

3.2 PUCCH resource determination

During contention-based 4-step random access procedure, Msg4 is transmitted by gNB for contention resolution, and it may be addressed by either a C-RNTI that is included in Msg3 (e.g. for the case of connected mode UEs) or a temporary C-RNTI which is included in a random access response (RAR) message. UE transmits Acknowledgement (ACK) if the UE correctly decodes Msg4 and detects its own identity. If UE fails to decode Msg4, misses a downlink grant, or correctly decodes Msg4 but discovers another UE’s identity in the decoded Msg4, UE does not send anything, i.e. discontinuous transmission (DTX). Considering that HARQ-ACK feedback to Msg4 is either ACK or DTX similar to SR on/off signaling, one sequence can be allocated for Msg4 HARQ-ACK feedback to indicate ACK or DTX. Furthermore, a HARQ-ACK PUCCH in response to Msg4 can be code-division multiplexed (CDMed) with (sequence based) SR PUCCHs or sequence-based HARQ-ACK PUCCHs from other UEs. 

As for HARQ-ACK feedback in response to Msg4, [2] proposes that UE determines a PUCCH resource in implicit or explicit (e.g. indicated by DL scheduling DCI) manner from a set of group-common or common PUCCH resources configured via RAR or system information block (SIB). Because of potential retransmission of Msg3, delay for successful Msg3 transmission and reception may be different for different UEs using the same RACH time/frequency resource, and delay distribution may change over time. Thus, there may be the case that gNB cannot confine UEs’ Msg4 HARQ-ACK feedback transmissions within the configured set of PUCCH resources (e.g. all UEs transmitting RACH preambles in the same RACH radio resource have similar or same delay for successful Msg3 transmissions), unless the PUCCH resource set is over-provisioned. The over-provisioned common PUCCH resource set would potentially degrade spectral efficiency.  
In order to avoid radio resource waste or PUCCH resource blocking from pre-configured common PUCCH resources, DL scheduling DCI for Msg4 can include information on allocated physical resource blocks (PRBs) and an allocated sequence (e.g. a cyclic shift of a base sequence) for Msg4 HARQ-ACK feedback with limited signalling overhead. For example, for long PUCCH, an allocated PRB index may be determined based on a dynamically signalled value together with a semi-statically indicated (via RAR or SIB) PRB offset. For short PUCCH, DCI can indicate a sub-band group index and allocated PRB(s) within the assigned sub-band group, as explained in Sub-section 2.1.

Observation 2: It may be difficult to predict a proper number of PUCCH resources for pre-configuration based on preamble reception, since delay for successful Msg3 transmission and reception may be different for different UEs using the same RACH time/frequency resource, and delay distribution may change over time.
Proposal 5: In order to avoid radio resource waste or PUCCH resource blocking from pre-configured common PUCCH resources, DL scheduling DCI for Msg4 can include information on allocated PRBs and an allocated sequence (e.g. a cyclic shift of a base sequence) for Msg4 HARQ-ACK feedback with limited signalling overhead.
4 Conclusion
In summary, we observe and propose the followings for short PUCCH resource allocation:

· Proposal 1: Consider RBG-level resource aggregation for short PUCCH of more than 2 bits or short UL data in the short UL control region.  
· Observation 1: RBG aggregation within a sub-band group can support both frequency-selective and frequency diversity scheduling, and can reduce resource allocation signalling overhead.  
· Proposal 2: Support sub-band group and RBG based frequency-domain resource allocation for short PUCCH of more than 2 bits or short UL data in the short UL control region.  
· Proposal 3: UL symbol(s)/slot in which UE sends HARQ-ACK on short PUCCH corresponding to decoded DL data can be dependent on the DL OFDM symbol in which the corresponding control channel candidate is decoded,  in order to provide the UE enough processing time to decode data and send HARQ-ACK..
In summary, we observe and propose the followings for PUCCH resource allocation for Msg4 HARQ-ACK feedback:

· Observation 2: It may be difficult to predict a proper number of PUCCH resources for pre-configuration based on preamble reception, since delay for successful Msg3 transmission and reception may be different for different UEs using the same RACH time/frequency resource, and delay distribution may change over time.
· Proposal 4: Consider the following options for PUCCH duration type for Msg4 HARQ-ACK feedback

· Option 1: UE always employs a long PUCCH for Msg4 HARQ-ACK feedback, in order to avoid potential PUCCH coverage limitation and UE capability issues.
· Option 2: The PUCCH duration type for Msg4 HARQ-ACK feedback may change depending on operating conditions, e.g. the total number of Msg3 transmissions and/or MCS allocated to Msg3.
· Proposal 5: In order to avoid radio resource waste or PUCCH resource blocking from pre-configured common PUCCH resources, DL scheduling DCI for Msg4 can include information on allocated PRBs and an allocated sequence (e.g. a cyclic shift of a base sequence) for Msg4 HARQ-ACK feedback with limited signalling overhead.
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