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Introduction
During and after RAN1 #90bis meeting, RAN1 made the following agreements for resource allocation for NR physical uplink control channel (PUCCH): 
Agreements:
· 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.

· 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

Agreements:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Table 1 contains the parameters configured in PUCCH resource sets. That means: For each parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2:  In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled.
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).

Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each parameter in the following table. 



Table 1: Parameters configured in PUCCH resource sets and their value ranges
	[bookmark: OLE_LINK23][bookmark: OLE_LINK24] 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	FFS: Starting slot
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	1 - 6, 8 - 10, 12, 15, 16
	N.A.
(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off
(only for 2 symbol)
	On/Off
	On/Off
(only for 2 symbol)
	On/Off
	On/Off

	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


 
Table 2: Semi-statically-configured parameters and their value ranges
	 
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3



In this document, we provide PUCCH resource allocation methods for both short and long formats and PUCCH resource allocation methods for HARQ-ACK feedback in response to Msg4. This document is an updated contribution from R1-1718702.   
Principle of PUCCH resource allocation
As agreed, the framework of PUCCH resource allocation consists of RRC signalling configuring a set of values for each parameter (if applicable) in Table.1 respectively for a set of PUCCH resources, and DCI indicating a value among them to determine the corresponding PUCCH resource.
In our opinion, the resource allocation design can be further reformulated to two aspects, which are discussed below:
· How the PUCCH format is identified
This question was intensively discussed during the previous meeting since it was regarded highly related to how to structuring the PUCCH resource set. One option is to use one PUCCH resource set to accommodate all the PUCCH formats. Other proposed options basically employ multiple resource sets, in which case different resource sets can contain PUCCH with different formats, durations, or different ranges of UCI payload. 
As can be seen from the current agreements and RRC+DCI signalling framework, it is supported that gNB can configure a resource set shared by multiple PUCCH formats or alternatively configured multiple resource sets consisting of different PUCCH format. This enables flexible PUCCH resource sharing. It is up to gNB scheduling strategy on whether and how to separate resource for different PUCCH format.
Under the above context, the proposal is illustrated in Figure 1 that the PUCCH format (short or long) is identified implicitly by UE from COREST or search space. For example, the COREST or search space configured for non-slot based communications implicitly indicates short PUCCH formats for HARQ-ACK feedback. UCI payload size (<=2 bits, or > 2 bits) then further determines the exact PUCCH format. For long PUCCH with UCI of over 2 bits, UE need to further judge the PUCCH format (format 3 or 4) by the payload size to determine whether PUCCH format of moderate or large payload is used. This mechanism is well aligned with the motivation of introducing these 5 PUCCH formats for NR and meanwhile reduces the control overhead.
Proposal 1: UE identifies the PUCCH format implicitly via the configured COREST and UCI payload size. 

[image: ]    
[bookmark: _Ref498727278]Figure 1 Illustration on how to identify the PUCCH format

· How the resource set and the resource in the resource set are identified
After identifying the PUCCH format, UE needs to determine the resource set and the exact PUCCH resource within the resource set. If multiple resource sets are configured and each one associates with a certain PUCCH format, the resource set is then determined by the PUCCH format.
As agreed, within a configured resource set, a set of values for each applicable parameter is RRC configured and DCI then determines a value among them. Looking at Table.1, most of the parameter has a value range that can be well covered by 4 bits with 16 indices except Starting slot, Index for identifying starting PRB, and Frequency resource of 2nd hop if frequency Hopping is enabled. These three parameters now have uncertainty on value range or whether to support in this table. However, no matter how large the value range is, it is reasonable to configure a subset of the values such that the required bit width of DCI indication is sufficiently low.
Ideally, every parameter could have a specific field in DCI to achieve maximum flexibility. However, considering the L1 control overhead, it is not realistic even RRC signalling can narrow down the value range for each of them. Therefore, some of the parameters can be jointly encoded or implicitly indicated, depending on the PUCCH format.
To save control overhead, some bits are explicitly contained in the DCI and the rest bits are implicitly indicated via the PDCCH resource, which for example could be PDCCH OFDM symbol index, COREST or search space index and lowest CCE index. The reason of using CORSET or search space index is to distinguish the PUCCH resource for different formats when multiple PUCCH formats are accommodated in one PUCCH resource set. More detailed elaborations are presented in the follow sections.
Proposal 2: UE identifies the PUCCH resource set by PUCCH format. PUCCH resource within the resource set is identified by explicit bits in DCI and implicit bits indicated by decoded PDCCH resource.

Resource allocation for PUCCH format 0 and format 2
[bookmark: _Ref492944001]Resource allocation in the frequency domain
Short PUCCH PRB resource can be determined based on a semi-statically configured set of sub-bands, wherein each sub-band consists of [16] RBs, and dynamic indication on a selected sub-band, a starting PRB within the selected sub-band, and the number of allocated PRBs. For example, if 4 sub-bands are semi-statically configured, dynamic indication for PUCCH format 2 requires 2 bits for sub-band selection, 4 bits for indication of the starting PRB, and 4 bits for indication of the number of allocated PRBs. For PUCCH format 0, 6 bits are required for dynamic indication. The semi-statically configured set of sub-bands can be a sub-band group, wherein the sub-band group consists of one or more sub-bands evenly distributed over a bandwidth part (BWP) and may frequency-hop over slots as shown in Figure 2.  
Proposal 3: Support sub-band group based semi-static PUCCH resource set configuration for short PUCCH.  

[bookmark: _Ref498730069]Figure 2 Example for frequency hopping of short PUCCH sub-band groups over slots

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. 

[bookmark: _Ref481855618]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 4: 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.
Resource allocation for PUCCH format 1, format 3, and format 4
DCI indication bit width calculation
Different from short PUCCH, long PUCCH resource allocation also needs to consider the changeable length from 4 to 14, which adds more control overhead. To achieve trade-off between flexibility and control overhead, for some parameters, RRC configures a set of the values and DCI selects one among them. To estimate the overall needed bit width in L1 indication for long PUCCH, Table 1 gives bit width estimation examples for some parameters in the RRC table for each format, which refers to Table 1 of the agreement [1].
[bookmark: _Ref498727361]Table 1 L1 indication bit width analysis of resource allocation for PUCCH format 1, format 3 and format 4
	Parameters
	Starting symbol
	Number of symbols in a slot
	Index for identifying starting PRB
	Number of PRBs

	Enabling a frequency hopping
	Index of initial cyclic shift
	Index of time-domain OCC
	Length of Pre-DFT OCC
	Index of Pre-DFT OCC
	Overall L1 bit width

	PUCCH format 1
	Value range
	0-10
	4-14
	0 - [274]
	N.A.(Default is 1)
	On/Off
	0-11
	0-6
	N.A.
	N.A
	12

	
	L1 bit# 
	2
	3
	4
	0
	0
	2
	1
	0
	0
	

	PUCCH format 3
	Value range
	0-10
	4-14
	0 - [274]
	1 - 6, 8 - 10, 12, 15, 16
	On/Off
	0-11, FFS configurability
	N.A.
	N.A.
	N.A
	12

	
	L1 bit# 
	2
	3
	4
	3
	0
	0
	0
	0
	0
	

	PUCCH format 4
	Value range
	0-10
	4-14
	0 - [274]
	N.A.(Default is 1)
	On/Off
	0-11, FFS configurability
	N.A.
	2, 4
	0-3
	12

	
	L1 bit# 
	2
	3
	4
	0
	0
	0
	0
	1
	2
	


Note 1: L1 bit# stands for the bit number that is used by L1 signaling to select one value out of the RRC configured values for a specific parameter. Here the bit number is smaller than the maximum one corresponding to the value range. This is out of realistic consideration to reduce the L1 signaling overhead.
Note 2: If an L1 bit# is 0 in the above table, it means N.A., using fixed value, or only one value is configured by RRC. Thus no L1 signaling overhead is needed.
Note 3: For the FFS parameters in Table.1, they are not included in Table 1.
DCI indication overhead reduction
As shown in Table.3, although only a subset of values is configured by RRC for each applicable parameter, the 12 bits DCI overhead is still large. To further reduce the DCI overhead, jointly encoding some fields and implicit indication can be considered.
For PUCCH format 1, 
· 2 bits for Starting symbol is implicitly indicated by the PDCCH resource, which is e.g. CORSET index or search space index
· 3 bits for ( Index of initial cyclic shift + Index of time-domain OCC ) is implicitly indicated by the lowest CCE index
· Consequently, 7 explicit bits + 5 implicit bits are utilized by L1 indication
For PUCCH format 3, 
· 2 bits for Starting symbol is implicitly indicated by the PDCCH resource, which is e.g. CORSET index or search space index
· The parameters of ‘Number of symbols in a slot’ and ‘Number of PRBs’ are combined and jointly indicated by 3 bits. 
· The reason is that the production of the two is RE numbers, which largely depends on the intended UCI payload size. Certainly PRB number and symbol number has impact on coverage and latency, respectively. However, the essence of the choice of the two parameters is to decide the RE number. It is desirable to couple the two to save DCI overhead but keep flexibility to handle coverage and latency.
· Consequently, the explicit bit width is 12-2-3 = 7 while 2 bits are from implicit indication.
For PUCCH format 4,
· 2 bits for Starting symbol is implicitly indicated by the PDCCH resource, which is e.g. CORSET index or search space index
· 3 bits for ( Length of Pre-DFT OCC + Index of Pre-DFT OCC ) is implicitly indicated by the lowest CCE index
· Consequently, 7 explicit bits + 5 implicit bits are utilized by L1 indication
Therefore, based on the above proposals, the explicit bit overhead is reduced by around 42%. The explicit bit width is also aligned since it is not desirable to utilize different DCI format/size to schedule different PUCCH formats.
Proposal 5: To reduce DCI indication overhead, support 
· implicit indication of Starting symbol using CORSET or search space index for PUCCH format 1, 3 and 4
· implicit indication of Index of initial cyclic shift and Index of time-domain OCC using lowest CCE index for PUCCH format 1
· implicit indication of Length of Pre-DFT OCC and Index of Pre-DFT OCC using lowest CCE index for PUCCH format 4
· joint indication of Number of symbols in a slot and Number of PRBs by explicit bits for PUCCH format 3
PUCCH resource allocation for HARQ-ACK feedback in response to Msg4
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 6: 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.

[bookmark: _Ref474179939]Figure 4 Examples of PUCCH type selection for Msg4 HARQ-ACK feedback based on the number of Msg3 transmissions 
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 3.1.
Observation 1: 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 7: 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.
Conclusion
In summary, we observe and propose the followings for PUCCH resource allocation:
Proposal 1: UE identifies the PUCCH format implicitly via the configured COREST and UCI payload size.
Proposal 2: UE identifies the PUCCH resource set by PUCCH format. PUCCH resource within the resource set is identified by explicit bits in DCI and implicit bits indicated by decoded PDCCH resource.
Proposal 3: Support sub-band group based semi-static PUCCH resource set configuration for short PUCCH.  
Proposal 4: 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.
Proposal 5: To reduce DCI indication overhead, support 
· implicit indication of Starting symbol using CORSET or search space index for PUCCH format 1, 3 and 4
· implicit indication of Index of initial cyclic shift and Index of time-domain OCC using lowest CCE index for PUCCH format 1
· implicit indication of Length of Pre-DFT OCC and Index of Pre-DFT OCC using lowest CCE index for PUCCH format 4
· joint indication of Number of symbols in a slot and Number of PRBs by explicit bits for PUCCH format 3
Proposal 6: 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.
Observation 1: 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 7: 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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