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1. Agreements and discussion status in previous meetings
1.1 Agreements from meetings before RAN1#AH NR3
Agreements: (RAN1#87)
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements: (RAN1#88)
· 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
Agreements: (RAN1#90)
· 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
· [bookmark: _Hlk491366649]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.
1.2 Agreements and offline discussion status in RAN1#AH NR3
In RAN1# AH NR3, the options for mapping relation between PUCCH resource sets (RESET) and PUCCH formats were summarized:
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
During the offline discussions in RAN1# AH NR3, options for identifying the PUCCH resource from a PUCCH RESET were also listed in case of short PUCCH of more than 2 bits (in offline discussion summary R1-1716888). The options were not treated online.
· For short PUCCH of more than 2 bits that is identified from a resource set , 
· Starting symbol in a slot is identified by one of followings (will be down-selected):
· Opt.1: is derived from a resource index in DCI from the RRC-configured resource set
· Opt.2: is explicitly indicated in DCI
· For above options, earliest transmission timing is based on UE capability 
· For contiguous PRB allocation within the UL BWP, one of following will be down-selected
· Opt.1: Both starting PRB and the number of PRBs are derived from a resource index in DCI from the RRC-configured resource set.
· Opt.2: Starting PRB is derived from a resource index in DCI from the RRC-configured resource set. Number of PRBs is derived from UCI payload.
· Opt.3: Starting PRB can be implicitly derived from the resource for the scheduling DCI. Number of PRBs is RRC-configured. 
· Opt.4: A subband and the number of PRBs for PUCCH are derived from a resource index in DCI from the RRC-configured resource set. Starting PRB in the subband is implicitly derived from the resource for the scheduling DCI.
· Opt.5: One of multiple configured resource sets is selected. Starting PRB is derived from a resource index in DCI and from the selected RRC resource set. The number of PRBs can be a part of the resource set or derived from UCI payload.
· Opt.6: Reuse PUSCH PRB allocation scheme.
1.3 Agreements and offline discussion status in RAN1#90bis by Wednesday afternoon
Agreements:
· For both slot-based and non-slot based DL transmissions, and for indentifying 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.

Proposals:
· Discuss further offline whether or not to support multiple sets of PUCCH resource(s), and if supported, how to indicate
· Discuss further offline within each set of PUCCH resource(s), whether or not both short PUCCH and long PUCCH resources can be included in the same set of PUCCH resources

Agreements:
· 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:
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs
2. PUCCH resource allocation for HARQ-ACK (except for Msg.4 HARQ-ACK)
2 
For RAN1#AH NR3 meeting, 18 contributions [1-18] address the PUCCH resource allocation topic. One paper focuses on waveform switching for PUSCH [19]. And one addresses PUCCH for URLLC [20]. Following key issues are intensively addressed in the contributions which can potentially be further discussed and progressed in RAN1#90bis.
2.1 Key issue 1: How to define the PUCCH resource set(s) associated with the PUCCH formats? 
Proponents and arguments for 4 options for down-selection:
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Proponents: Ericsson, Huawei, OPPO, Panasonic. InterDigital. Spreadtrum, Motorola Mobility, Lenovo
· Arguments: Option 1 enables RRC-configured PUCCH resources to be shared by multiple PUCCH formats. If the RESET/PUCCH format needs to be explicitly indicated, Option 2, 3, 4 fragment the PUCCH RESET, and restrict the scheduling flexibility over different PUCCH formats [11].
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Proponents: Nokia, vivo
· Arguments: Use MAC CE to indicate which PUCCH RESET is used [14]. Then multiple PUCCH RESETs can be identified without consuming bitwidth of PUCCH resource indicator in DCI. Thus Opt.2 provides a larger number of configurable PUCCH resources than other options under a certain bitwidth  PUCCH resource indicator in DCI.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Proponents: Samsung, LG, Intel, Qualcomm, ETRI
· Arguments: UE can derive the PUCCH format from the UCI payload [5]. Or, PUCCH format can be semi-statically configured by RRC signaling for different coverages [9]. Or, RESET for a PUCCH format can be implicitly derived from the associated CORESET [16]. Then multiple PUCCH RESETs can be identified without consuming bitwidth of PUCCH resource indicator in DCI. Thus Opt.3 provides a larger number of configurable PUCCH resources than Opt. 1 and 4 under a certain bitwidth  PUCCH resource indicator in DCI.
· 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. 
· Proponents: ZTE, CATT, DOCOMO
· Arguments: UE and gNB can have a common understanding of the number of HARQ-ACK [4]. Hence the UE can implicitly determine which PUCCH RESET is used from the UCI size, without consuming bitwidth of PUCCH resource indicator in DCI. In this case Opt.4 provides a larger number of configurable PUCCH resources than Opt.1 under a certain bitwidth  PUCCH resource indicator in DCI.

Agreements for Thursday offline discussion:
Following PUCCH formats are assumed:
	PUCCH format
	Number of symbols in a slot
	Number of UCI bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2



[image: ]
Proprosal from offline:
Down-select from following two alternatives:
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC). (E///, ZTE, MTK, Pana, HW, OPPO, DCM)
· K PUCCH resource sets. PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1). 
· N0=1.
· N1=3.
· FFS: value of K. (Example: K=4)
· Ni (i >1) is minimum number of UCI bits for which PUCCH resource set is used. If K > 2 and 1 < i < K-1, Ni is semi-statically configured. (Example: N2 = 20; N3 =100)
· One of [x] PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI.
· FFS: One of the PUCCH resources can be implicitly derived .
· FFS: Some resource sets can be configured differently for PDSCH mapping Type A and PDSCH mapping Type B.
· FFS: Further restriction of the resource set based on signaling from gNB by DCI or MAC CE.
· FFS: Resource set selection based on UCI type.
· Alt.2: One or mutliple PUCCH resource set(s) for each format
· Alt.2-1 (Intel): Multiple PUCCH resource sets for each format
· Alt.2-2 (Nokia): Multiple PUCCH resource sets for each format with MAC CE indication.
· Alt.2-3 (QC): One PUCCH resource set for one format. Use RRC signaling to distinguish resource set for short and long PUCCH. Reuse the implicit PUCCH resource indication scheme for LTE PUCCH format 1A/1B for both long PUCCH with up to 2 bits HARQ-ACK and short PUCCH with up to 2 bits HARQ-ACK.
· FFS: enhancement of the implicit mapping function to avoid collision in the case of
· Multiple CORESET
· PUCCH MU-MIMO
· Alt.2-4 (LGE): Both short and long PUCCH resource sets can be configured to a UE. A threshould of UCI payload, e.g. 100 bits is used for the UE to select between the two resource sets.

2.2 Key issue 2: How to identify a PUCCH resource?
Proponents:
Table 1: Proponents for different options for identifying parameters PUCCH resource 
	PUCCH resource parameters
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	
	Jointly configured in PUCCH RESET + resource indicator in DCI
	Direct DCI indication
	Implicit derivation
	RRC configured

	PUCCH format
	Ericsson, OPPO, Pana, vivo
	
	SS, ZTE, CATT, QC
	LG

	Time domain
	Starting slot
	
	Has been agreed.
	
	

	
	Number of slots (for multi-slot PUCCH)
	E//, OPPO, ZTE. LG, vivo
	SS
	
	LG, ETRI

	
	Starting symbol
	E//, HW, OPPO, ZTE, Pana, CATT, DCM, ETRI
	SS, Intel (for short PUCCH assuming it is only at end of a slot), vivo
	HW (for multi-beam), Moto (from PDCCH symbol)
	vivo

	
	Number of symbols in the slot
	E//, OPPO, ZTE. LG, DCM, vivo
	SS
	
	LG

	Frequency domain
	Starting PRB
	E//, ZTE, SS, OPPO (Alt.1+3), Pana, LG, CATT, DCM, ETRI
	OPPO (Alt.2+3)
	OPPO (Alt.1/2+3), LG, Qualcomm
	vivo

	
	Number of PRBs (for over 2 bits UCI)
	OPPO, ZTE, LG, DCM, CATT
	
	Ericsson/CATT/ETRI (from UCI payload), SS/Pana (from duration)
	Pana (for up to 2bits UCI), vivo

	
	Hopping pattern (starting PRB for 2nd hop)
	E//, vivo
	
	OPPO (derived from BWP size), SS (as LTE but within BWP)
	OPPO (relative to BWP size), Pana, CATT, ETRI

	Code domain
	UCI sequence(s) (for up to 2 bits UCI)
	E//, OPPO, ZTE, SS, Pana, LG, DCM/ETRI (CS index)
	
	QC, DCM/ETRI (sequence index)
	vivo

	
	OCC (for long PUCCH)
	E//, OPPO, ZTE, SS, Pana, LG, DCM, vivo, ETRI
	vivo
	QC
	



Agreements for Friday morning offline discussion:
Proposal:
· In the following table, a column for a PUCCH format corresponds to one possible entry of a configured resource set.
	
	PUCCH Format 0
	PUCCH Format 1
	PUCCH Format 2
	PUCCH Format 3
	Comments

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

	
	Value range
	N.A.
	1, 2, 4, 8
	N.A.
	1, 2, 4, 8
	

	Starting symbol
	Configurability
	Configured in resource set
	Configured in resource set
	

	
	Value range
	0 – 13 (FFS: another value indicating implicit derivation)
	0 – 13 (FFS: another value indicating implicit derivation)
	

	Number of symbols in the slot
	Configurability
	Configured in resource set
	Configured in resource set
	

	
	Value range
	1, 2, 4 – 14 (FFS: another value indicating implicit derivation)
	1, 2, 4 – 14 (FFS: another value indicating implicit derivation)
	

	Index for identifying starting PRB
	Configurability
	Configured in resource set
	Configured in resource set
	

	
	Value range
	0 - [274]
	0 - [274]
	

	Number of PRBs
	Configurability
	N.A.
	N.A.
	Configured in resource set
	

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	
	
	
	
	
	RAN1 needs to further study the necessity.

	Index of initial cyclic shift
	Configurability
	Configured in resource set
	N.A.
	N.A.
	

	
	Value range
	0 – 11
	N.A.
	N.A.
	

	Index of time-domain OCC
	Configurability
	N.A.
	Configured in resource set
	N.A.
	N.A.
	

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

	[Length of Pre-DFT OCC]
	Configurability
	N.A.
	N.A.
	N.A.
	Configured in resource set
	

	
	Value range
	N.A.
	N.A.
	N.A.
	1, [2], [4]
	

	[Index of Pre-DFT OCC]
	Configurability
	N.A.
	N.A.
	N.A.
	Configured in resource set
	

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



Proposal:
· The starting slot of a PUCCH for HARQ-ACK is dynamically indicated in DCI.
· Earliest transmission timing is based on UE capability.

Drafted Proposal:
· For indentifying frequency hopping offset (i.e. starting PRB of 2nd hop) of a PUCCH for HARQ-ACK, one of following will be down-selected:
· Opt.1: Semi-statically configured by RRC signaling;
· Opt.1-1: in number of PRBs;
· Opt.1-2: in portion of the UL BWP size.
· Opt.2: The offset is a pre-defined protion (e.g. 1/2) of the UL BWP size;

2.3 Other issues
· Valid values for starting slot relative to PDSCH?
· {0, 1, 2, 3}: Agreed by all companies?
· Can a short PUCCH start from any symbol in a slot?
· Yes: Ericsson, OPPO, ETRI
· No: Huawei, Intel (at end of a slot or half-slot)
· Can non-contiguous PRBs be allocated to a PUCCH?
· No: Ericsson (contiguous with high priority),
· FFS: Huawei, OPPO – Multiplexing efficiency should be considered.
· In case of multi-slot long PUCCH, the duration of in each slot is the same or can be different? 
· Same: Ericsson
· Can be different: OPPO, ETRI
3. PUCCH resource allocation for Msg.4 HARQ-ACK
Proposals in contributions:
· How to identify PUCCH resource for Msg.4 HARQ-ACK?
· Option 1: Implicit derivation.
· Proponents: Huawei [1], Samsung [5].
· Option 2: Define a few predetermined sets of PUCCH HARQ-ACK resources. And indicate a resource set with RAR.
· Proponents: Nokia [14].
· Option 3: RMSI configures one or multiple configurations. Explicit resource indication by DCI in message 4 or implicit resource differentiation by CCE usage, or PDSCH location among UEs.
· Proponents: Panasonic [13].
· Option 4: a set of PUCCH resources can be configured by either SIB or RAR. The DCI scheduling RA Msg4 indicates one resource out of this set for PUCCH transmission.
· Proponents: CATT [7].
· Option 5: 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. Then one field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4. 
· Proponents: Intel [2].
· Option 6: The DCI scheduling RA Msg4 indicates a resource for PUCCH transmission. RAR or SIB may include a part of parameters related to determining the PUCCH resource. 
· Proponents: Motorola Mobility, Lenovo [18]
· How to identify PUCCH duration type (short vs long PUCCH) for Msg.4 HARQ-ACK?
· Option 1: UE always employs a long PUCCH for Msg4 HARQ-ACK feedback
· Proponents: Motorola Mobility, Lenovo [18].
· Option 2: 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.
· Proponents: Intel [2].
· Option 3: 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.
· Proponents: Motorola Mobility, Lenovo [18].
4. PUCCH resource allocation for SR
Proposals in contributions:
· Huawei, ETRI, Qualcomm: Semi-static resource allocation for SR [1][10][16].
· Ericsson: PUCCH resource for SR can be configured in any symbol in a slot [17].
· ZTE: SR bundle for multi-beam [4]

Drafted proposals for offline discussion:
Proposal 9:
· For SR, adopt following tables for RRC parameter list for semi-static configuation of PUCCH resources (naming can be improved by editor of RRC parameter list):
	Parameter name in specification
	Description

	PUCCH-SR-Format
	Indicates the PUCCH format for SR among Format 0 and Format 1

	PUCCH-SR-Slot
	Indicates a indexwhich identifies the slot to be used for SR transmission (that corresponds to a SR periodicity and offset)

	PUCCH-SR-Resource
	A SR PUCCH resource index which possibly identifies the time, frequency and code-domain if any to be used for SR transmission.



5. PUCCH resource allocation for P-CSI report
Proposals in contributions:
· Huawei, ETRI: Semi-static resource allocation for P-CSI report [1][10].
· Qualcomm: Semi-static resource allocation for CQI report [16].
Drafted proposals for Wednesday afternoon offline discussion:
Proposal 10:
· For P-CSI, adopt following tables for RRC parameter list for semi-static configuation of PUCCH resources (naming can be improved by editor of RRC parameter list):
	Parameter name in specification
	Description

	PUCCH-PCSI-Format
	Indicates the PUCCH format for P-CSI

	PUCCH- PCSI -Slot
	Indicates a indexwhich identifies the slot to be used for SR transmission (that corresponds to a P-CSI periodicity and offset)

	PUCCH- PCSI -Resource
	A P-CSI PUCCH resource index which possibly identifies the time, frequency and code-domain if any to be used for SR transmission.


6. Others
· PUCCH resource allocation in case of simultaneous PUCCH and PUSCH [4]
· Resource allocation for combined UCI [16].
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