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[bookmark: _Ref178064866]This document summarizes the contributions made under the “UL Signals and Channels” agenda item of the Rel-16 work item on NR-based access to unlicensed spectrum.
The revised NR-U WID [1] contains the following objectives related to this agenda item:
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
-	10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA without air-interface optimizations specific to 10MHz. 
NOTE: 
- 10MHz Pcell or SpCell is not supported in NR-U.
- The absence of WiFi channels should be guaranteed.  
During RAN#84 RAN endorsed a document providing guidance on essential features to complete during the WI and what items can be considered as optimizations (de-prioritized) [3]. For the UL Signals and Channels agenda item, RAN provided the following guidance:
7.2.2.1.3 UL signals and channels
Essential
· PUCCH EPF0/1/2/3 design
· Interlaced PUSCH resource allocation design in DCI
Optimizations
· Multiple starting position within a PUSCH
· 60KHz PUSCH interlaced waveform
· SRS waveform enhancement (interlace or stagger)
· P/SP-SRS multiple opportunities
Based on this guidance, this feature lead summary will not summarize company proposals on items that are listed as optimization. It is the understanding of the feature lead that these topics can be revisited at the end of the work item if time permits.
The following is an outline of the feature lead summary:

2	PUCCH Design	
2.1	Open Issues	
2.2	Step Size Δ for Interlaced PF0/1	FL Proposal 
2.3	Enhanced User Multiplexing for Interlaced PF0/1	Further Discussion Time Permitting
2.4	CM Reduction Mechanism for Interlaced PF2	Agreement
2.5	Block-wise vs. Symbol-wise Repetition for Interlaced PF3	Agreement FL Proposal
2.6	OCC Index-to-Cyclic Shift Index Mapping for Interlaced PF3	Agreement
2.7	Configuration of 2nd Interlace for Interlaced PF2/3	Agreement FL Proposal
2.8	Indication of Cell-Specific Interlaced PUCCH Resource	Offline Consensus
3	PUSCH Design	
3.1	Open Issues	
3.2	Interlace Indication for 15 kHz SCS	Agreement
3.3	Partial Interlace Indication for PUSCH	Agreement FL Proposals
4	Configurability of Interlacing	
4.1	Open Issues	
4.2	UE-Specific PUCCH Resources	
4.3	Common FDRA Type for PUCCH	FL Proposal
4.4	PUSCH Scheduled by DCI 0_0	
4.5	PUSCH Scheduled by DCI 0_1	
4.6	Scheduled/Configured Grant PUSCH	
4.7	Common FDRA Type for PUSCH	FL Proposal
5	New Behavior for Configured UL (CUL) Transmissions	
5.1	Open Issues	
5.2	Clarification on PRACH	
5.3	Different Behavior Inside vs. Outside DRS Window?	
5.4	Different Behavior Inside vs. Outside gNB COT?	
5.5	Mechanism to Enable New Behavior	FL Proposals
6	SRS Enhancements	
6.1	Triggering of aperiodic SRS	Further Discussion Time Permitting
6.2	Other Enhancements	Further Discussion Time Permitting

[bookmark: _Toc24660963][bookmark: _Toc1970558][bookmark: _Toc535588812]2	PUCCH Design
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The following agreements regarding PUCCH design were made in RAN1#98b, and the FFS items to address are highlighted.
Agreement #1:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)


Agreement #2:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 when one interlace is configured as follows:
· User multiplexing is based on OCCs applied in at least the frequency domain to the UCI and reference signal REs separately
· User multiplexing for the UCI is based on RE-wise repetition within a PRB
· Support only frequency domain OCC lengths of 1, 2 and 4 to multiplex users on both 1-symbol and 2-symbol PF2
· Consider the following for controlling CM/PAPR. If supported, select from the following alternatives using CM and MCL as criteria
· OCC cycling across PRBs of an interlace
· Scrambling
· No CM/PAPR controlling mechanism
· Support an RRC parameter for indicating OCC configuration for interlaced PF2
· If two interlaces are configured, user multiplexing is not supported for interlaced PF2

Agreement #3:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
· User multiplexing for the UCI is based on the application of pre-DFT OCC with
· Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
· Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency
· User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
· Length of ZC sequence = number of tones in the interlace
· FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols
· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
· Support an RRC parameter for indicating OCC configuration for interlaced PF3
· If two interlaces are configured, user multiplexing is not supported for interlaced PF3

Agreement #4:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.


Agreement #5:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured

Based on the FFSs in the above agreements the main open issues that need to be treated are listed in the following sub-sections.
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Description:
The following FFS from Agreement #1 needs to be resolved:
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM

	Company
	View/Position

	Huawei
	5

	Intel
	5

	LG
	5

	DOCOMO
	1

	Qualcomm
	1

	Samsung
	5

	WILUS
	1 or 11

	ZTE
	1 or 11

	vivo
	5 or 7

	Ericsson
	Prefer 7, but okay with 5

	
	



Agree to the following:
· In Section 6.3.2.2.2 of 38.211 (draft CR R1-1913178) where the formula for cyclic shift hopping includes the term , the step size  is fixed at 5

[bookmark: _Toc24660966]2.3	Enhanced User Multiplexing for Interlaced PF0/1
Description:
The following FFS items from Agreement #1, while not essential, can be considered as possibilities to enhance user multiplexing for PF0/1:
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)

Alternatives:
· Alt-1: For Interlaced PF0 with 2-bit ACK/NACK + SR, support the following for cyclic shift hopping:

· Alt-2: No enhancement of user multiplexing for either PF0 or PF1
· Alt-3: Support 3rd FFS in Agreement #1

	Company
	View/Position

	Apple
	Alt-1
Also Increase user mux for PF1: odd/even PRBs have pi/2 shift of modulation symbol depending on SR.

	Intel
	Alt-2

	LG
	Further discuss Alt-1. Do not support Alt-3

	MediaTek
	Variation of Alt-1:


	Nokia
	Variation of Alt-1:

Also, for 2-symbol PF0, introduce OCC across the 2 OFDM symbols

	OPPO
	Alt-3
In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}

	Panasonic
	Variation of Alt-1:


	Qualcomm
	Alt-1 with .
For 2-symbol PF0, introduce OCC across the 2 OFDM symbols
Also increase user mux for PF1: Odd PRBs have 0/pi phase shift of modulation symbols depending on SR

	Spreadtrum
	Alt-2. Do not support Alt-3

	WILUS
	Further discuss how to increase multiplexing capacity for PF0/1

	vivo
	Alt-2. Performace evaluations show introduction of 6*SR term degrades detection performance (and MCL) by ~1.5 dB

	Ericsson
	Alt-2

	
	



Based on a review of contributions, Alt-3 has insufficient support, hence it is proposed to limit discussion to only Alt-1 and Alt-2. So far, there is no consensus on these two alternatives, and different variations of Alt-1 are proposed. Due to the large number of topics to cover in this agenda item, the discussion needs to be narrowly focused according to the FFS from RAN1#98b.
Further discuss whether/how to enhance user multiplexing for Interlaced PF0 
· The discussion is framed as follows
· Alt-1 vs. Alt-2, where Alt-1 is limited to the case of 2-bit HARQ-ACK + SR
· Alt-3 is not discussed further
· Introduction of time domain OCC for PF0 is not discussed
· Enhancement of user multiplexing for PF1 is not discussed

[bookmark: _Toc24660967]2.4	CM Reduction Mechanism for Interlaced PF2
Description:
The following FFS item from Agreement #2 needs to be resolved
· Consider the following for controlling CM/PAPR. If supported, select from the following alternatives using CM and MCL as criteria
· OCC cycling across PRBs of an interlace
· Scrambling
· No CM/PAPR controlling mechanism

Alternatives:
· Alt-1: OCC cycling across PRBs of an interlace
· OCC index for the ith PRB in an interlace is given by  where  is the initial OCC index configured by the RRC parameter OCC-Index-r16
· Alt-2: Post-OCC RE-level scrambling
· Alt-3: No mechanism to reduce CM/PAPR

	Company
	View/Position

	Huawei
	Alt-1

	Intel
	Alt-2

	Nokia
	Alt-2. Scrambling based on cell-specific random QPSK sequence.

	OPPO
	Alt-2

	Qualcomm
	Alt-1

	Samsung
	Alt-1

	Ericsson
	Alt-1

	
	



Agreement:
· For interlaced PF2, the following mechanism is supported for controlling CM/PAPR when OCCs are configured
· OCC-cycling across PRBs of an interlace, where
· OCC index for the ith PRB in an interlace is given by  where  is the initial OCC index configured by the RRC parameter OCC-Index-r16
· Note: This applies only for the case when a single interlace is configured (as previously agreed)

[bookmark: _Toc24660968]2.5	Block-wise vs. Symbol-wise Repetition for Interlaced PF3
Description:
The following FFS from Agreement #3 needs to be resolved:
· User multiplexing for the UCI is based on the application of pre-DFT OCC with
· Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
· Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency

Alternatives:
· Alt-1: Block-wise repetition
· Alt-2: Symbol-wise repetition

	Company
	View/Position

	Huawei
	Alt-2. OCCs selected from either (1) Set of DFT sequences + OCC cycling or (2) Set of cyclically shifted ZC sequences

	Intel
	Alt-1

	LG
	Alt-1

	DOCOMO
	Alt-1

	Nokia
	Alt-1

	Qualcomm
	Alt-1

	Samsung
	Alt-1

	ZTE
	Alt-1

	Ericsson
	Alt-1

	
	



Agreement:
For Interlaced PF3, user multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in the time domain followed by mapping over the whole interlace in frequency (analogous to Rel-15 PF4)

Confirm the following proposal from the on-line session
Proposal:
The OCC used for interlaced PF3 is a DFT sequence (as in Rel-15)

[bookmark: _Toc24660969]2.6	OCC Index-to-Cyclic Shift Index Mapping for Interlaced PF3
Description:
The following FFS from Agreement #3 needs to be resolved:
· FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols

In Rel-15, the following mapping is used for PF4 (see 38.211 Section 6.4.1.3.3.1)
Table 6.4.1.3.3.1-1: Cyclic shift index for PUCCH format 4.
	
Orthogonal sequence index 
	Cyclic shift index [image: ]

	
	

	


	0
	0
	0

	1
	6
	6

	2
	-
	3

	3
	-
	9





Alternatives:
· Alt-1: Use the same OCC index to Cyclic Shift index mapping as for Rel-15 PUCCH Format 4
· Alt-2: 

	Company
	View/Position

	Huawei
	Alt-1?

	Intel
	Cyclic shift index () mapped to OCC index () as , where  is the number of cyclic shifts available for DMRS sequence and is the spreading factor of OCC
(FL Note: Similar to Alt-1, but order is 0,3,6,9 instead of 0,6,3,9)

	LG
	Alt-1

	Nokia
	Alt-1

	OPPO
	Alt-1

	Qualcomm
	For an L length ZC sequence, N users can be multiplexed with cyclic shifts .
OCC index maps to the cyclic shift used.

	Ericsson
	Alt-1

	
	



Agreement:
For Interlaced PF3, use the following mapping between the OCC index applied on UCI REs and cyclic shift index applied on DMRS symbols:
	Orthogonal sequence index configured by
OCC-Index-r16
	Cyclic shift index 

	
	
	

	0
	0
	0

	1
	6
	6

	2
	-
	3

	3
	-
	9


· If OCC-Index-r16 is not configured, the cyclic shift index is 
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Description:
The following FFS items from Agreements #4 and 5 need to be resolved:
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces

· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved

Alternatives:
· Alt-1: If only one of two configured interlaces is used, Interlace0 as configured in InterlaceAllocation-r16 is used
· Alt-2: If only one of two configured interlaces is used, interlace with largest # of PRBs or if the same number of PRBs, then the lowest interlace index is used

	Company
	View/Position

	LG
	Alt-2

	Nokia
	Alt-1

	OPPO
	Alt-1

	Samsung
	Alt-1

	Sharp
	Alt-1

	Spreadtrum
	Alt-1

	ZTE
	Alt-1

	vivo
	Alt-1

	Ericsson
	Alt-1

	Intel
	Alt-1

	Qualcomm
	Alt-1

	
	



Alternatives:
· Alt-1: No configuration restrictions on spacing between 1st and 2nd interlaces (interlace indices freely configurable)
· Alt-2: Spacing between 1st and 2nd interlaces is fixed at zero (always contiguous interlaces)
· Alt-3: 2nd interlace index chosen from a predefined set of offsets from 1st interlace index

	Company
	View/Position

	Huawei
	Alt-1

	Intel
	Alt-2. Index of 2nd interlace restricted to (interlace0 + 1)modM where M is the number of interlaces

	LG
	Alt-1

	MediaTek
	Alt-2

	Nokia
	Alt-1

	OPPO
	Alt-1

	Panasonic
	Alt-2

	Samsung
	Alt-2

	Sharp
	Alt-1

	Spreadtrum
	Alt-1

	ZTE
	Alt-2

	vivo
	Alt-1

	Ericsson
	Alt-1

	Qualcomm
	Alt-3

	
	



Agreement:
For Interlaced PF2/3, if two interlaces are configured and the UE uses only one, the used interlaced is Interlace0 as configured in InterlaceAllocation-r16

Agreement:
At least for 30 kHz SCS, for interlaced PF2/3, if two interlaces are configured, there are no configuration restrictions on the spacing between the two interlaces
· The 1st and 2nd interlaces are configured by the parameter Interlace0 and Interlace1, respectively, each with value range 0 .. M – 1 where M is the number of interlaces
· FFS for 15 kHz (to be resolved in RAN1#99)

Confirm the proposal from the on-line session with the following modification:

Proposal:
For 15 kHz SCS, for interlaced PF2/3, if two interlaces are configured,
· Interlace1 can be derived as mod(Interlace0 + X, N), where N is the number of interlaces, where X is 1 or 5 X is 1, -1 or 5

[bookmark: _Toc21841181][bookmark: _Toc22050952][bookmark: _Toc24660971]2.8	Indication of Cell-Specific Interlaced PUCCH Resource
Description:
In Rel-15, for PUCCH resources transmitted prior to dedicated RRC configuration (e.g., for carrying HARQ-ACK/NACK for Msg2), a PUCCH configuration is used based on indication of a row index into Table 9.2.1-1 in 38.213 carried by SIB1 (integer value 0 .. 15):
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



Each row defines a different PUCCH resource set with 16 PUCCH resources that are generated through a combination of frequency division multiplexing and cyclic shifts. As described in 38.213 Section 9.2.1, the actual PUCCH resource used by the UE is indicated in DCI and is a function of the CCE position of the PDCCH candidate in the CORESET that provides the UL grant as well as the PUCCH resource indicator (PRI) field in the DCI. Furthermore, frequency hopping is used by default.
If contiguous (Rel-15) mapping is used, the same procedure as in 38.213 Section 9.2.1 can be used for determining the PUCCH resource configuration, i.e., the PRB position of the first and 2nd hop and the cyclic shift index. However, if interlace mapping is configured, the procedure will need to be modified to take into account that frequency hopping is not used, and the resource allocation unit is an interlace rather than a PRB. Note that in the context of interlace mapping, the PRB offset in Table 9.2.1-1 has no meaning. 
Alternatives:
· Alt-1: Re-use existing table. Support modified procedure for resource selection according to the text proposal in Appendix A.1
· Alt-2: Support a new table as in Appendix A.2
· Alt-3: Support a new table as in Appendix A.3
· Alt-4: Support a new table according to proposals in Appendix A.4
· Alt-5: Support a new table according to proposals in Appendix A.5

	Company
	View/Position

	Apple
	Re-interpret the “PRB offset” column in Rel-15 default Table as initial interlace index

	Ericsson
	Alt-1

	Intel
	Alt-2

	LG
	Alt-3 

	Nokia
	Alt-4

	Qualcomm
	Alt-5

	
	

	
	

	
	

	
	



Further discussion needed to narrow down proposals
· Fundamentally:
· With M = 5 interlaces and NCS cyclic shifts  M* NCS = 10,15,20 possible resources for NCS = 2, 3, 4
· PRB offset is meaningless with interlace transmission
· Simplest approach (no changes to table) given by the following
· Requires changes to procedure text in 38.213 (TP in Appendix A.1)
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes
	Available
Resources

	0
	0
	12
	2
	0
	{0, 3}
	10

	1
	0
	12
	2
	0
	{0, 4, 8}
	15

	2
	0
	12
	2
	3
	{0, 4, 8}
	N/A

	3
	1
	10
	4
	0
	{0, 6}
	10

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	16

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	N/A

	6
	1
	10
	4
	4
	{0, 3, 6, 9}
	N/A

	7
	1
	4
	10
	0
	{0, 6}
	10

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	16

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	N/A

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	N/A

	11
	1
	0
	14
	0
	{0, 6}
	10

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	16

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	N/A

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	N/A

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}
	N/A



· Rows with NCS = 2 are the most problematic
· Could consider increasing the number of resources to get back to 16
· Introduction of 1 more OCC for PF1 seems like the simplest approach
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes
	Comment
	Available
Resources

	0
	0
	12
	2
	0
	{0, 3}
	
	10

	1
	0
	12
	2
	0
	{0, 4, 8}
	
	15

	2
	0
	12
	2
	3
	{0, 4, 8}
	
	N/A

	3
	1
	10
	4
	0
	{0, 6}
	Add extra OCC
	16

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	
	16

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	
	N/A

	6
	1
	10
	4
	4
	{0, 3, 6, 9}
	
	N/A

	7
	1
	4
	10
	0
	{0, 6}
	Add extra OCC
	16

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	
	16

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	
	N/A

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	
	N/A

	11
	1
	0
	14
	0
	{0, 6}
	Add extra OCC
	16

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	
	16

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	
	N/A

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	
	N/A

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}
	
	N/A



· To get back to 16 for row 0, could add another resource in the time domain

	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes
	Comment
	Available
Resources

	0
	0
	12, 9
	2
	0
	{0, 3}
	Add 2nd resource in TD
	16

	1
	0
	12, 9
	2
	0
	{0, 4, 8}
	Add 2nd resource in TD
	16

	2
	0
	12
	2
	3
	{0, 4, 8}
	
	N/A

	3
	1
	10
	4
	0
	{0, 6}
	Add extra OCC
	16

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	
	16

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	
	N/A

	6
	1
	10
	4
	4
	{0, 3, 6, 9}
	
	N/A

	7
	1
	4
	10
	0
	{0, 6}
	Add extra OCC
	16

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	
	16

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	
	N/A

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	
	N/A

	11
	1
	0
	14
	0
	{0, 6}
	Add extra OCC
	16

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	
	16

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	
	N/A

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	
	N/A

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}
	
	N/A



· Next level of change would be to change entire table, e.g., Intel proposal
· Requires changes to procedure text in 38.213 (TP in Appendix A.2)
	Index
	PUCCH format
	First symbol or set of first symbols
	Number of symbols
	Starting interlace index 
	Set of initial CS indexes
	Set of orthogonal cover code indexes

	0
	0
	{9, 12}
	2
	0
	{0, 3}
	-

	1
	0
	{9, 12}
	2
	0
	{0, 1, 2, 3}
	-

	2
	0
	{9, 12}
	2
	3
	{0, 1, 2, 3}
	-

	3
	1
	10
	4
	0
	{0, 6}
	{0, 1}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	{0, 1}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	{0, 1}

	6
	1
	10
	4
	4
	{1, 4, 7, 10}
	{0, 1}

	7
	1
	4
	10
	0
	{0, 6}
	{0, 1}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	{0, 1}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	{0, 1}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	{2, 3}

	11
	1
	0
	14
	0
	{0, 6}
	{0, 1}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	{0, 1}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	{0, 1}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	{2, 3}

	15
	1
	0
	14
	4
	{0, 3, 6, 9}
	{4, 5}




Offline Consensus
For PUCCH resource sets before dedicated PUCCH resource configuration when useInterlacePUCCH-Common-r16 is configured, downselect to one of the following two alternatives for modifications to Table 9.2.1-1 in 38.213:
· Alt-1
· The UE ignores rows for which PRB offset is non-zero
· Note: These rows can enable forward compatibility
· Row 0 and 1: Support a 2nd PUCCH resource starting at symbol 9
· Rows 3, 7, and 11: Support a 2nd OCC code
· Alt-2
· The UE interprets the PRB offset as a Starting Interlace Index Offset
· The starting interlace is used in the mapping between r_PUCCH and the allocated PUCCH resouce
· The UE ignores row 14
· Rows 0,1, and 2: Support a 2nd PUCCH resource starting at symbol 9
· Rows 3, 7, and 11: Support a 2nd OCC code
· Feature lead to draft text proposal for 38.213 Section 9.2.1 on procedure text associated with modified table

Table Modifications for Alt-1:
	Index
	PUCCH format
	First symbol(s)
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes
	Comment
	Available
Resources

	0
	0
	{12, 9}
	2
	0
	{0, 3}
	Add 2nd resource in TD at symbol 9
	16

	1
	0
	{12, 9}
	2
	0
	{0, 4, 8}
	Add 2nd resource in TD at symbol 9
	16

	2
	0
	12
	2
	3
	{0, 4, 8}
	
	N/A

	3
	1
	10
	4
	0
	{0, 6}
	Add extra OCC
	16

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	
	16

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	
	N/A

	6
	1
	10
	4
	4
	{0, 3, 6, 9}
	
	N/A

	7
	1
	4
	10
	0
	{0, 6}
	Add extra OCC
	16

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	
	16

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	
	N/A

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	
	N/A

	11
	1
	0
	14
	0
	{0, 6}
	Add extra OCC
	16

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	
	16

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	
	N/A

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	
	N/A

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}
	
	N/A


Note: N/A means that the row is not used when interlacing is configured, e.g., these could be used for forward compatibility.

Table Modifications for Alt-2:
	Index
	PUCCH format
	First symbol
	Number of symbols
	Starting Interlace Offset 
	Set of initial CS indexes
	Comment
	Available
Resources

	0
	0
	12, 9
	2
	0
	{0, 3}
	Add 2nd resource in TD
	16

	1
	0
	12, 9
	2
	0
	{0, 4, 8}
	Add 2nd resource in TD
	16

	2
	0
	12, 9
	2
	3
	{0, 4, 8}
	Add 2nd resource in TD
	16

	3
	1
	10
	4
	0
	{0, 6}
	Add extra OCC
	16

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	
	16

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	
	16

	6
	1
	10
	4
	4
	{0, 3, 6, 9}
	
	16

	7
	1
	4
	10
	0
	{0, 6}
	Add extra OCC
	16

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	
	16

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	
	16

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	
	16

	11
	1
	0
	14
	0
	{0, 6}
	Add extra OCC
	16

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	
	16

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	
	16

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	
	16

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}
	
	N/A


Note: N/A means that the row is not used when interlacing is configured


[bookmark: _Toc5100801][bookmark: _Toc5596050][bookmark: _Toc8398215][bookmark: _Toc5596364][bookmark: _Toc8247947][bookmark: _Toc17755486][bookmark: _Toc21841188][bookmark: _Toc22050958][bookmark: _Toc24660972]3	PUSCH Design
[bookmark: _Toc17755487][bookmark: _Toc21841189][bookmark: _Toc22050959][bookmark: _Toc24660973][bookmark: _Toc5596051][bookmark: _Toc8398216][bookmark: _Toc5596365][bookmark: _Toc5100802][bookmark: _Toc1970560][bookmark: _Toc535588814][bookmark: _Toc1970559][bookmark: _Hlk535468427][bookmark: _Toc535588813]3.1	Open Issues
The following agreement was made in RAN1#98 regarding the essential topic of “Interlaced PUSCH resource allocation design in DCI.” The 
Agreement #1:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations

In addition, the following agreement regarding interlace structure was made in the same meeting:
Agreement #2:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported at least for PUSCH and PUCCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 

Based on the highlighted FFS items in these agreements, the main open issues that need to be treated are the following:
1. Down-selection between Alt-1 and Alt-2 for interlace indication for 15 kHz SCS (Agreement #1)
2. Whether/how to support partial interlace allocation for PUSCH (Agreement #2)
· Note: Partial interlace allocation for PUCCH has already been agreed in previous meetings
[bookmark: _Toc21841190][bookmark: _Toc22050960]Review of Frequency Domain Resource Allocation in Rel-15
PUSCH can be transmitted in a variety of ways: it can be scheduled by DCI 0_0 or 0_1, it can be the result of a Type 1 or Type 2 configured grant, or it can be transmitted prior to dedicated RRC configuration, e.g., Msg3 PUSCH based on the UL grant in the RAR message (Msg2) carried by MAC.
It is important to review all 3 of these methods, and review the number of bits that are available in Rel-15 for signalling of frequency domain resource allocation, prior to making changes to support NR-U.
In NR Rel-15, two resource allocation (RA) types are defined:
· Type 0: Non-contiguous allocation using a bitmap where each bit represents an RBG. The RBG size depends on the number of PRBs in the BWP
· Type 1: Contiguous allocation using RIV, which indicates a start RB and a bandwidth (in RBs) within the BWP
· Either Type 0 or Type 1 or both can be configured. If both are configured, DCI indicates which one is used in any given scheduling instance.
PUSCH Scheduled by DCI 0_1 and DCI 0_0
The following is supported in NR Rel-15 for DCI indication of the resource allocation type:
· DCI format 0_1 supports indication of Type 0 or Type 1. If both are configured, then the MSB of the frequency domain resource assignment field in DCI indicates which type is used
· DCI format 0_0 supports only indication of Type 1
Table 1 lists the number of bits provided by DCI for Type 0 and Type 1. These values are for the case of a 20 MHz carrier/BWP consisting of 106/51 PRBs for 15/30 kHz SCS. If both RA types are configured, the number of bits is one more than that shown in the table for Type 0. Configuration 1 and 2 in the table refer to the configurable RBG size for Type 0, e.g., 4 and 8, respectively, for the case of 51 PRBs. Note that for wider carrier bandwidths (> 20 MHz), the number of bits provided by DCI scales as the number of PRBs increases.
Table 1: Number of bits provided by DCI for frequency domain resource allocation (RA) Type 0 and Type 1 for the case of a 20 MHz BWP (106/51 PRBs for 15/30 kHz SCS). Configuration 1 and 2 refer to the nominal RBG size defined in in 38.214 Section 6.1.2.2.1.
	SCS
	RA Type 0
	RA Type 1

	
	Configuration 1 (Smaller RBG Size)
	Configuration 2 (Larger RBG Size)
	

	15 kHz (106 PRBs)
	14
	7
	13

	30 kHz (51 PRBs)
	13
	7
	11



PUSCH Transmission by Configured Grant Type 1 and 2
For Configured Grant (CG) Type 1 and 2 in Rel-15, the RA type is configured by RRC as for dynamic PUSCH, i.e., RA Type 0, RA Type 1, or both. For CG Type 1, the frequency domain resource allocation is indicated by RRC, and is a fixed 18 bit field, regardless of bandwidth (see the frequencyDomainAllocation parameter in ConfiguredGrantConfig IE in 38.331). For CG Type 2 the RA it is indicated by the frequency domain resource assignment field in DCI as described above.
PUSCH Transmission according to UL Grant in RAR (Msg2)
For PUSCH transmissions according to the UL grant in RAR (Msg2), the number of bits used for indicating frequency domain resource allocation is 14 as given by Table 8.2-1 in 38.213:
· Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



[bookmark: _Toc21841191][bookmark: _Toc22050961][bookmark: _Toc24660974][bookmark: _Toc17755488]3.2	Interlace Indication for 15 kHz SCS
Description:
Open Issue #1 listed in Section 3.1
Alternatives:
· Alt-1: Alt-1 in RAN1 #98 agreement (X = 10 bits)
· Alt-2: Alt-2 in RAN1 #98 agreement (X = 6 bits) where the 9 spare RIV states are the same as specified in 36.213 for for LTE-eLAA

	Company
	View/Position

	Apple
	Alt-2

	Huawei
	Alt-2 with same non-contiguous interlace allocations as in eLAA

	Intel
	Alt-2

	LG
	Alt-2

	Lenovo/Motorola
	Alt-2

	MediaTek
	Alt-2

	DOCOMO
	Alt-2

	Nokia
	Alt-2

	Panasonic
	Alt-2

	Qualcomm
	Alt-2

	Samsung
	Alt-2

	Sharp
	Alt-1 for fallback DCI; Alt-2 for non-fallback DCI

	WILUS
	Alt-2

	ZTE
	Alt-2

	vivo
	Alt-2

	Ericsson
	Alt-1. However, okay to follow majority view (Alt-2)

	
	



Agreement:
From the RAN1#98 agreement on interlace indication for PUSCH for 15 kHz SCS, Alt-2 is selected:
· Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
· RIV values from 0..54 indicate start interlace index and number of consecutive interlace indices
· RIV values from 55 ..63 indicate the following interlace combinations (from 36.213):
	RIV
	Interlace Indexes

	55
	0,5

	56
	0,1,5,6

	57
	1,6

	58
	1,2,3,4,6,7,8,9

	59
	2,7

	60
	2,3,4,7,8,9

	61
	3,8

	62
	4,9

	63
	Reserved



[bookmark: _Toc21841192][bookmark: _Toc22050962][bookmark: _Toc24660975]3.3	Partial Interlace Indication for PUSCH
Description:
Open Issue #2 listed in Section 3.1.

	Company
	View/Position

	Fujitsu
	Support partial interlace indication
Field in DCI for indicates which set of sub-bands are allocated for PUSCH 

	Huawei
	Support partial interlace indication
Index of scheduled sub-bands should be provided

	LG
	Support partial interlace indication: contiguous and/or non-contiguous LBT sub-bands
For contiguous sub-bands, UE can use guard bands between contiguous sub-bands
RB Range for each sub-band is RRC configured by gNB

	MediaTek
	Support partial interlace indication
Indication in units of LBT sub-bands using a bitmap. UE determines allocation by intersection between allocated interlace(s) and allocated sub-bands

	DOCOMO
	Support partial interlace indication
Bitmap indicates LBT bandwidths
DCI 0_0/0_1, Type2 CG: bitmap signaled in DCI
Type1 CG: bitmap signaled in RRC

	Panasonic
	Support partial interlace allocation.
Indicate allocated LBT sub-bands

	Nokia
	Support partial interlace indication
Y bits of the frequency domain resource allocation field are used to indicate sub-band combinations. Allocations restricted to contiguous sub-band. Y depends on SCS and number of LBT sub-bands and the carrier bandwidth (Y can be 0 for the case of 20 MHz carriers).

	Qualcomm
	Support partial interlace allocation
Start sub-band and number of contiguous sub-bands indicated by RIV

	ZTE
	Support partial interlace indication

	Samsung
	Partial interlace indication
Non-fallback DCI: Support partial interlace indication – sub-bands are indicated in DCI
Fall-back DCI: Support partial interlace allocation – no sub-band field in DCI. UE transmits PUSCH in whole UL active BWP or within the DL sub-band on which it received the PUSCH grant

	Sharp
	Partial interlace indication
Bitmap indicates allocated LBT sub-bands

	Spreadtrum
	Partial interlace indication
Units of sub-bands

	WILUS
	Support partial interlace indication
Joint encoding of (contiguous) allocated LBT sub-bands and allocated interlaces

	vivo 
	Support partial interlace allocation for wideband operation
Indicated the allocated sub-bands

	Intel
	Support partial interlace indication
Allocated sub-bands are indicated

	Ericsson
	Support partial interlace indication
Bitmap indicates allocated LBT bandwidths

	
	



There is significant support for the introduction of partial interlace allocation and that the allocation should be done in units of LBT bandwidths.

Agreement:
· [bookmark: _Toc24135959]For interlaced PUSCH transmission in a BWP, Y bits of the frequency domain resource allocation (FDRA) field indicate which RB sets (corresponding to LBT bandwidths) are allocated to the UE
· [bookmark: _Toc24135960][bookmark: _Toc24135961]This applies to PUSCH of the following types
· [bookmark: _Toc24135962]PUSCH scheduled by at least non-fallback DCI
· FFS: applicability to fallback DCI
· [bookmark: _Toc24135963]Configured Grant PUSCH Type 2 (FDRA indicated by DCI)
· Configured Grant PUSCH Type 1 (FDRA configured by RRC)
· The UE determines the overall PUSCH frequency domain resource allocation by the intersection of the following:
· Allocated interlaces (indicated by X bits of the FDRA field, as previously agreed)
· Available PRBs derived at least from the allocated RB sets (indicated by Y bits of the FDRA field) and intra-carrier guard bands between RB sets corresponding to contiguous LBT bandwidths
· Note: An RB set contains PRBs within an LBT bandwidth and does not include any inter or intra carrier guard PRBs
· FFS (to be resolved in RAN1#99 in AI 7.2.2.2.5 Wideband Operation): How the UE determines the number of RB sets and the available PRBs in each RB set
· Note: The PRBs between adjacent RB sets comprise an intra-carrier guard
· Down-select to one of the following alternatives
· Alt-1: Y = [5] (fixed by specification)
· Alt-2: Y is configurable from 0..[5], except for fallback DCI where Y = [5] (fixed by specification)
· Alt-3: Y is determined by the number of RB sets included in the BWP
· Down-select to one of the following alternatives
· Alt-a: The Y bits indicate a first RB set and a number of RB sets corresponding to contiguous LBT bandwidths
· Alt-b: The Y bits comprise a bitmap indicating RB sets where the bitmap can indicate RB sets corresponding to non-contiguous LBT bandwidths

To address the above FFSs the following is proposed:

FL Proposal:
· Y is determined by the number of RB sets contained in the BWP
· The Y bits indicate a first RB set and a number of RB sets corresponding to contiguous LBT bandwidths
· Note: The maximum possible value of Y is thus  where N is the number of RB sets contained in the BWP

FL Proposal:
· The UE transmits PUSCH scheduled by fallback DCI within the initial BWP on the interlaces indicated by the X bits of the FDRA field
· Note: The FDRA field for fallback DCI does not include Y bits

It has been pointed out by LG that the interlace index m0 corresponding to the first PRB of an RB set (corresponding to an LBT bandwidth) is not always 0. Moreover, it can be different for each RB set. Hence, the UE must take this into account when receiving RIV. This is addressed in the following proposal.

[bookmark: _Hlk25076470]FL Proposal:
For 15 kHz SCS where the starting interlace index is indicated by the X RIV bits in the FDRA field, the UE should interpret the actual starting interlace index for an RB set as , where
·  is the starting interlace index indicated by RIV
·  is the interlace index corresponding to the first PRB of the RB set
·  is the number of interlaces (10 for 15 kHz)
Note: For 30 kHz SCS where an X-bit bitmap indicates the interlace allocation, the behaviour is already specified in 38.214
[bookmark: _Toc5100796][bookmark: _Toc8247941][bookmark: _Toc5596042][bookmark: _Toc5596356][bookmark: _Toc8398210][bookmark: _Toc17755481][bookmark: _Toc21841176][bookmark: _Toc22050946][bookmark: _Toc24660976][bookmark: _Toc21841196][bookmark: _Toc22050966][bookmark: _Toc535588821][bookmark: _Toc1970566][bookmark: _Toc5596367][bookmark: _Toc8398218][bookmark: _Toc5100805][bookmark: _Toc8247950][bookmark: _Toc5596053][bookmark: _Toc17755489]4	Configurability of Interlacing
[bookmark: _Toc24660977]4.1	Open Issues
The following agreements regarding configurability of interlace transmission were made in RAN1#98b, and the FFS items to address are highlighted:
Agreement #1:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16

Agreement #2:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping
· [bookmark: _Hlk24706901]FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration

Agreement #3:
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different

Agreement #4:
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether this RRC configuration applies to fallback DCI
· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

In the above, it was agreed that the frequency domain resource allocation (FDRA) type for PUCCH and PUSCH both before and after dedicated configuration is separately configured. The FDRA type is either interlaced or contiguous (as in Rel-15). This applies to the following:
· PUCCH
· Prior to dedicated configuration
· Cell-specifically configured PUCCH resource (PF0 or 1), e.g., for ACK/NACK of Msg4
· After dedicated configuration
· UE-specifically configured PUCCH resource sets for SR, ACK/NACK, CSI
· PUSCH
· Prior to dedicated configuration
· PUSCH scheduled by UL grant in RAR, i.e., Msg3
· PUSCH scheduled by DCI 0_0, e.g., PUSCH after Msg4
· After dedicated configuration
· PUSCH scheduled by DCI 0_0 and 0_1
· PUSCH transmission according to Type 1 and Type 2 Configured Grants

It was further agreed that despite separate configurability, the UE can expect the FDRA type to be the same for both PUCCH and PUSCH prior to dedicated configuration (see Agreement #2). In other words, interlacing is on for both PUCCH/PUSCH or off for both; no mixing of FDRA types is supported prior to dedicated configuration. Note that separate configurability can still be useful such that even if configuration restrictions are introduced in Rel-16, they could be relaxed in later releases without changing the RRC structure. The following diagram illustrates already agreed restrictions and potential restrictions that need to be discussed:
[image: ]
Figure 1: Restrictions on configurability of frequency domain resource allocation (FDRA) type (interlaced/contiguous (Rel-15)) for PUCCH and PUSCH both before and after dedicated configuration

Based on the FFSs in the above agreements the main open issues that need to be treated are listed in the following sub-sections.
[bookmark: _Toc24660978]4.2	UE-Specific PUCCH Resources
Description:
Can the UE can expect the FDRA type to be the same for all UE-specifically configured PUCCH resources, i.e., after dedicated configuration

Alternatives:
· Yes
· No

	Company
	View/Position

	Intel
	No

	MediaTek
	Yes

	Sharp
	Yes

	Ericsson
	Yes

	
	



[bookmark: _Toc24660979]4.3	Common FDRA Type for PUCCH
Description:
Can the UE expect the FDRA type to be the same for all cell-specific and UE-specific PUCCH resources, i.e., both prior to and after dedicated configuration

Alternatives:
· Yes
· No

	Company
	View/Position

	Intel
	No

	LG
	Yes

	MediaTek
	Yes

	DOCOMO
	Yes

	Qualcomm
	Yes

	Spreadtrum
	Yes

	Ericsson
	Yes

	
	



Agree to the following
· The UE can expect that cell-specifically configured PUCCH resources and UE-specifically configured PUCCH resources either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.

[bookmark: _Toc24660980]4.4	PUSCH Scheduled by DCI 0_0
Description:
Can the UE expect to have configurable FDRA type for PUSCH transmissions scheduled by DCI 0_0 after dedicated configuration?

Alternatives:
· Alt-1: Yes
· The FDRA type is configured by useInterlacePUSCH-Dedicated-r16
· Alt-2: No
· The UE expects the same FDRA type as configured for PUSCH prior to dedicated configuration (useInterlacePUSCH-Dedicated-r16 same as useInterlacePUSCH-Common-r16)

	Company
	View/Position

	Nokia
	Alt-2 

	OPPO
	Alt-2

	Panasonic
	Alt-2

	Samsung
	Alt-2

	Spreadtrum
	Alt-2

	Vivo
	Alt-2 for fallback DCI in CSS; Alt-1 for fallback DCI in USS

	Ericsson
	Alt-2

	
	



[bookmark: _Toc24660981]4.5	PUSCH Scheduled by DCI 0_1
Description:
Can the UE expect to be dynamically indicated the FDRA type for PUSCH transmissions scheduled by DC 0_1 after dedicated configuration?

Alternatives:
· Yes
· No

	Company
	View/Position

	Huawei
	Yes. Dynamic switching between (a) Type 0 and Type 1 (as in Rel-15) (b) Type 0 and Type 2, (c) Type 1 and Type 2.

	LG
	Yes
FL Note: This conflicts with Proposal 14 in [13]

	MediaTek
	No

	Nokia
	No/Yes depending on if partial interlace allocation is/is not supported
FL Note: Partial interlace allocation is proposed in Section 3.3

	Panasonic
	Yes

	Samsung
	No

	Sharp
	No

	Spreadtrum
	No

	ZTE
	No

	vivo
	No

	Ericsson
	No

	
	



[bookmark: _Toc24660982]4.6	Scheduled/Configured Grant PUSCH
Description:
Can the UE expect the FDRA type to be the same for all PUSCH transmissions (scheduled and configured grant) after dedicated configuration?

Alternatives:
· Yes
· No

	Company
	View/Position

	Intel
	No

	MediaTek
	Yes

	Spreadtrum
	Yes

	Ericsson
	Yes

	
	

	
	



[bookmark: _Toc24660983]4.7	Common FDRA Type for PUSCH
Description:
Can the UE expect the configuration of FDRA type to be the same for all PUSCH transmissions (scheduled and configured grant) both before and after dedicated configuration
Alternatives:
· Yes
· No

	Company
	View/Position

	Intel
	No

	LG
	Yes

	MediaTek
	Yes

	DOCOMO
	Yes

	Qualcomm
	Yes

	Spreadtrum
	Yes

	Ericsson
	Yes

	
	



Agree to the following
· The UE can expect that PUSCH transmissions prior to dedicated configuration and all PUSCH transmissions (scheduled and configured) after dedicated configurations either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.

[bookmark: _Toc24660984]4.8	Common FDRA Type for PUCCH/PUSCH After Dedicated Configuration
We have agreements on a common configuration for PUCCH prior to/after dedicated configuration and a common configuration for PUSCH prior to/after dedicated configuration; however, we are missing a rule for UE expectations on PUCCH and PUSCH after dedicated configuration (the red arrow in the diagram below).
[image: ]

Agree to the following
· The UE can expect that UE-specifically configured PUCCH resources and all PUSCH transmissions (scheduled and configured) after dedicated configurations either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.


5	New Behavior for Configured UL (CUL) Transmissions
[bookmark: _Toc24660985]5.1	Open Issues
In RAN1#98b, the following agreement was made regarding new behaviour for configured UL transmissions:
Agreement:
· Allow configured UL (CUL) transmissions in a set of symbols of a slot when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols. This is applicable when operating with LBE for the following cases.
· When the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or 
· When the UE is not configured with a semi-static TDD pattern
· Note: Configured UL (CUL) transmissions are UL signals/channels configured by higher layers:
· PUCCH
· Configured Grant PUSCH
· Periodic SRS, [semi-persistent SRS]
· Unclear if semi-persistent SRS covered by the current Rel-15 behaviour
· [PRACH]
· Unclear if PRACH covered by the current Rel-15 behaviour
· FFS: How to allow the CUL transmissions as per the above

The motivation for introducing this behaviour is that according to Rel-15 rules (Section 11 in 38.213), CUL transmissions can be highly restricted in the case when the UE is configured to monitor DCI Format 2_0. In the case that that the UE does not detect DCI 2_0, e.g., if the gNB does not transmit DCI 2_0, then all CUL transmissions are cancelled. The only way to avoid the CUL transmissions from being cancelled is for the UE to detect an indication of ‘U’ by DCI Format 2_0. There is one exception to this rule: in a duration of time immediately after the UE monitors for DCI Format 2_0, CUL transmissions are not cancelled. The duration of time depends on the UE processing capability (PUSCH preparation time) and is in the range 5 to 12 symbols. The issue is illustrated in the top of Figure 2 (Rel-15 behavior).
[image: ]
[bookmark: _Ref21687024]Figure 2: UE behaviour for configured UL (CUL) transmissions when DCI 2_0 is configured, but not detected.
The open issues related to the above agreement are the following:
· Clarification of whether or not PRACH is covered by current Rel-15 behavior
· Potential differences in behavior inside/outside discovery burst transmission window (DBTW)
· Potential differences in behavior inside/outside a gNB acquired channel occupancy
· Mechanism for enabling the new behavior
The above open issues are addressed in the following sub-sections.
[bookmark: _Toc24660986]5.2	Clarification on PRACH 
PRACH transmissions can occur for a UE in both IDLE mode and CONNECTED mode. Since Rel-15 does not support UEs monitoring for DCI 2_0 in IDLE mode, it is the understanding of the feature lead that the current rules in Section 11.1 of 38.213 regarding PRACH do not apply to PRACH transmissions in IDLE mode.
However, for UEs in CONNECTED mode, a UE can be configured to monitor for DCI 2_0, so it seems the current rules in Section 11.1 of 38.213 apply.
[bookmark: _Toc24660987]5.3	Different Behavior Inside vs. Outside DRS Window?
Description:
According to the new behaviour agreed last meeting, if CUL transmissions are allowed between DCI 2_0 monitoring occasions (see Figure 2), such transmissions can compete for channel access with DRS transmissions inside the DRS window. This may be undesirable. Since PRACH and other CUL transmission may need to be handled differently, the following questions are relevant:
Question 1: Shall PRACH transmissions be allowed inside the discovery burst transmission (DBTW) window (if configured)?
Alternatives:
· Yes
· No

	Company
	View/Position

	OPPO
	No

	Qualcomm
	No

	Ericsson
	No. Do not want PRACH to compete for channel access with DRS

	
	



Question 2: Shall CUL transmissions other than PRACH be allowed inside the discovery burst transmission (DBTW) window?
Alternatives:
· Yes
· No

	Company
	View/Position

	OPPO
	No

	Qualcomm
	No

	Ericsson
	Yes/No. CUL transmissions are allowed/disallowed based on reception of DCI, e.g., DCI 2_0 indicating symbols as 'U' 

	
	



[bookmark: _Toc24660988]5.4	Different Behavior Inside vs. Outside gNB COT?
Description:
In the previous meeting, it was briefly discussed if the new behaviour should be the same or different inside vs. outside a gBN acquired COT. Hence, the following question is relevant:
Question 3: Should different behaviour be supported inside vs. outside a gNB acquired COT, and if so how should the behaviour differ?

Alternatives:
· Yes
· No

	Company
	View/Position

	Nokia
	Yes
Inside COT defined as when DCI 2_0 is detected and indicates 'F' or semi-static TDD pattern indicates 'F'
Outside gNB acquired COT defined as when DCI 2_0 not detected

	OPPO
	Yes
CUL transmission within gNB acquired COT follows Rel-15 rules
CUL transmissions outside gNB acquired COT allowed

	Samsung
	Yes

	Ericsson
	Yes.
Outside a gNB acquired COT, CUL transmissions are allowed. Inside the COT, CUL transmissions are either allowed or disallowed.

	
	



[bookmark: _Toc24660989]5.5	Mechanism to Enable New Behavior
Description:
The following FFS from the RAN1#98 agreement needs to be resolved:
FFS: How to allow the CUL transmissions as per the above
Depending on the answers to the previous questions, a mechanism is needed to enable/disable the new behaviour.

Alternatives:
· Alt-1: Common RRC parameter controlling all CUL types
· Alt-2: Separate RRC parameters for different CUL types or sets of CUL types
· Alt-3: DCI-based control within gNB acquired COT

	Company
	View/Position

	Nokia
	Alt-2. Separate RRC parameters for controlling CUL inside vs. outside gNB acquired COT. 

	Samsung
	Alt-2 + Alt-3

	vivo
	New behavior adopted if DCI 2_0 transmitted on unlicesned carrier; otherwise Rel-15 behavior applies.

	Ericsson
	Alt-1 + Alt-3. New behavior/Rel-15 behavior controlled according to RRC parameter. Inside gNB acquired COT, CUL transmissions are either allowed or disallowed according to DCI 2_0.

	
	



Agree to the following:
· Support an RRC parameter for enabling CUL transmissions according to new behavior agreed in RAN1#98b
· If the parameter is not configured, the UE assumes Rel-15 behavior
· FFS (to be resolved in RAN1#99):
· Alt-1: Common RRC parameter for all CUL types
· Alt-2: Separate RRC parameters for different CUL types or sets of CUL types
· Note: the new behavior also applies in the “PUSCH preparation” time
· Support 1-bit CUL Indicator field in DCI 2_0 for enabling transmission of all CUL types within the signaled COT duration (COT duration is signaled as per agreement in RAN1#98b)
· If the CUL Indicator field is ‘1’ and the above RRC parameter is configured, CUL transmissions are allowed within the signaled COT duration unless DCI 2_0 (same or different) indicates the set of symbols corresponding to the CUL transmission as ‘F’ or ‘D’
· Note: If the RRC parameter is not configured, the UE assumes Rel-15 behavior
· If the CUL Indicator field is ‘0’, the UE assumes Rel-15 behavior
· Note: This is irrespective of the configuration of the above RRC parameter

Invalidation of PRACH occasions
In Rel-15 PRACH occasion validation is determined by the following text in 38.213 §8.1:
	

For unpaired spectrum, if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2.



In Rel-15, the UE knows where an SS/PBCH block is based on ssbPositionsInBurst in SIB1.
For NR-U, DRS transmission should be prioritized, i.e., it is beneficial if PRACH does not contend for channel access with DRS (SS/PBCH + RMSI).
Since, DRS can be transmitted anywhere within the DRS window, a mechanism is needed to invalidate PRACH occasions during the DRS window.
There are limited signalling options for UEs in IDLE/INACTIVE mode, so a simple rule/mechanism is needed.
Agree to the following
· Any PRACH occasion that overlaps with the discovery burst transmission window (if DRS-WindowLength-r16 is configured) shall be considered invalid.

[bookmark: _Toc21841197][bookmark: _Toc22050967][bookmark: _Toc24660990]6	SRS Enhancements
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc17755490][bookmark: _Toc1970569][bookmark: _Toc5596056][bookmark: _Toc5596370][bookmark: _Toc535588823][bookmark: _Toc8398220][bookmark: _Toc5100808][bookmark: _Toc21841198][bookmark: _Toc22050968][bookmark: _Toc24660991][bookmark: _Toc535588825]6.1	Triggering of aperiodic SRS
Description:
In NR Rel-15 aperiodic SRS resources are triggered in slot n by DCI. A slot offset k is configured by RRC for an SRS resource set such that the resources are transmitted in slot n + k. In contrast, in LTE, more flexibility in triggering ap-SRS is allowed to compensate for the fact that slot n + k may not always be an UL slot. For NR-U it may be beneficial to introduce this same kind of flexibility, i.e., allow SRS to be transmitted in the next UL after slot n + k. It has been pointed out that such flexibility would be beneficial for NR-U in that it would better enable SRS and PUSCH/PUCCH transmissions without gaps.


	Company
	View/Position

	Samsung
	If SRS is within gNB shared COT or right after PUSCH/PUCCH, the LBT bandwidth to transmit SRS is derived by LBT bandwidth of DL/UL COT, otherwise, it is derived by configured SRS frequency resource

	ZTE
	Support additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.

	Ericsson
	Support additional flexibility for slot offset for ap-SRS triggering in-line with aperiodic SRS triggering in LTE: allow SRS to be transmitted in the first available UL slot after the RRC configured slot offset.

	
	



Time permitting, further discuss behaviour for aperiodic SRS

[bookmark: _Toc17755491][bookmark: _Toc21841199][bookmark: _Toc22050969][bookmark: _Toc24660992]6.2	Other Enhancements
Description:
During the SI phase [2], several SRS enhancements were discussed. It has already been agreed to support additional OFDM symbol locations within a slot for an SRS resource. The other enhancements from the SI have been de-prioritized by RAN (see Section 1). Several companies have identified yet more miscellaneous enhancements, and those are listed here.

	Company
	View/Position

	Qualcomm
	Add CP to SRS to reduce gaps to 16 us or less between SRS resources in the same slot used to support transmit antenna switching

	vivo
	For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource
Define prioritization reults when SRS collides with PUSCH/PUCCH

	Intel
	Multiple starting positions for ap-SRS

	Panasonic
	Simultaneous SRS + PUSCH supported

	
	



Time permitting, further discuss potential additional SRS enhancements
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[bookmark: _Toc24660994]Appendix A – Proposals Corresponding to Section 2.8
[bookmark: _Toc24660995]A.1	Ericsson
Ericsson proposes that for operation with shared spectrum channel access, reuse table 9.2.1-1 in 38.213 both for contiguous (Rel-15) mapping and interlace mapping. For interlace mapping, only the table rows with PRB offset 0 are used. The following TP based on the latest CR of 38.213 is proposed:
>>> Begin Text Proposal for 38.213 Section 9.2.1 >>>
[bookmark: _Ref498101660][bookmark: _Toc12021476][bookmark: _Toc20311588][bookmark: _Hlk24139888]9.2.1	PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. 
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-Common-r16; otherwise, the UE transmits a PUCCH without frequency hopping. 
An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. 
The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3. 
If a UE is not provided pdsch-HARQ-ACK-Codebook, the UE generates at most one HARQ-ACK information bit. 






If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

If  and a PUCCH resource is provided by pucch-ResourceCommon



-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 

If  and a PUCCH resource is provided by pucch-ResourceCommon


-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If the UE is provided useInterlacePUCCHCommon-r16, the UE is expected to receive pucch-ResourceCommon indicating a row of Table 9.2.1-1 for which . The UE is not expected to determine  for , respectively, where  is the total number of initial cyclic shifts indexes in the set of initial cyclic shift indexes. 

If  and a PUCCH resource is provided by pucch-ResourceCommon
-	the UE determines the interlace index  (defined in [38.211 Section 4.4.4.6]) of the PUCCH transmission as 

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 

If  and a PUCCH resource is provided by pucch-ResourceCommon
-	the UE determines the interlace index  of the PUCCH transmission as , where M is the number of interlaces (defined in [38.211 Section 4.4.4.6])

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
>>> End Text Proposal >>>

[bookmark: _Toc24660996]A.2	Intel
Based on Table 4the text proposal included below, one of the 16 PUCCH resource sets can be configured to the UE via 4-0bit RMSI signalling and UE determines one of the 16 PUCCH resources within the indicated PUCCH resource set based on the determined PUCCH resource index ( as follows:
1. For index 0 (PUCCH format 0): one of 16 PUCCH resources configured by {12 Starting symbols (9,12), 4 interlace indexes (0, 1, 2, 3) and 24 CS values (0, 1, 2, 3)}
2. For index 1/2 (PUCCH format 0): one of 16 PUCCH resources configured by {2 starting symbols (9,12),  2 interlace indexes ((0,1)/(3,4)) and 4 CS values (0, 1, 2, 3)}
3. For index 3/7/11 (PUCCH format 1): one of 16 PUCCH resources configured by {1 starting symbol (10/4/0), 4 interlace indexes (0, 1, 2, 3), 2 CS values (0,6) and 2 OCC indexes (0,1)}
4. For index 4-6/8-10/12-15 (PUCCH format1): one of 16 PUCCH resources configured by {1 starting symbol (10/4/0), 2 interlace indexes ((0,1)/(2,3)/(4,0) for 30 KHz SCS and (0,1)/(2,3)/(4,5) for 15 KHz SCS), 4 CS values ((0, 3, 6, 9) or (1, 4, 7, 10)) and 2 OCC indexes ((0,1)/(2,3)/(4,5))}.

Table 4: Modification of Table 9.2.1-1 of TS 38.213 to support interlaced PF0/1 for cell-specific PUCCH resource
	Index
	PUCCH format
	Set of First symbol(s)
	Number of symbols
	Interlace offset 
	Set of initial CS indexes
	Set of OCC indexes

	0
	0
	{12}
	2
	0
	{0, 1, 2, 3}
	{ }

	1
	0
	{9,12}
	2
	0
	{0, 1, 2, 3}
	{ }

	2
	0
	{9,12}
	2
	2
	{0, 1, 2, 3}
	{ }

	3
	1
	{10}
	4
	0
	{0, 6}
	{0, 1}

	4
	1
	{10}
	4
	0
	{0, 3, 6, 9}
	{0, 1}

	5
	1
	{10}
	4
	2
	{0, 3, 6, 9}
	{0, 1}

	6
	1
	{10}
	4
	4
	{1, 4, 7, 10}
	{0, 1}

	7
	1
	{4}
	10
	0
	{0, 6}
	{0, 1}

	8
	1
	{4}
	10
	0
	{0, 3, 6, 9}
	{0, 1}

	9
	1
	{4}
	10
	2
	{0, 3, 6, 9}
	{0, 1}

	10
	1
	{4}
	10
	4
	{0, 3, 6, 9}
	{2, 3}

	11
	1
	{0}
	14
	0
	{0, 6}
	{0, 1}

	12
	1
	{0}
	14
	0
	{0, 3, 6, 9}
	{0, 1}

	13
	1
	{0}
	14
	2
	{0, 3, 6, 9}
	{0, 1}

	14
	1
	{0}
	14
	4
	{0, 3, 6, 9}
	{2, 3}

	15
	1
	{0}
	14
	4
	{0, 3, 6, 9}
	{4, 5}



>> Text proposal for 38.213 Section 9.2.1>>

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 if not provided useInterlacePUCCH-Common-r16; otherwise, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-2, for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission if not provided useInterlacePUCCH-Common-r16; otherwise, the PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol for a PUCCH resource with format 1 or a set of first symbols for a PUCCH resource with format 0, a duration, a starting interlace index , a orthogonal cover code index set for a PUCCH resource with format 1 and a cyclic shift index set for a PUCCH transmission.
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-Common-r16; otherwise, the UE transmits a PUCCH without frequency hopping. 
An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1 if not provided useInterlacePUCCH-Common-r16. 
The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3. 
If a UE is not provided pdsch-HARQ-ACK-Codebook, the UE generates at most one HARQ-ACK information bit. 






If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
If a PUCCH resource is provided by pucch-ResourceCommon, the UE determines the first symbol in the set of first symbols for a PUCCH resource with PUCCH format 0, or the orthogonal cover code index in the set of orthogonal cover code indexes for a PUCCH resource with PUCCH format 1 as , if provided with useInterlacePUCCH-Common-r16

If  and a PUCCH resource is provided by pucch-ResourceCommon 



-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes if not provided useInterlacePUCCH-Common-r16 ; otherwise, the UE determines the interlace index of the PUCCH transmission as , where is the number of interlaces defined in [38.211 section x.x].

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 


If  and a PUCCH resource is provided by pucch-ResourceCommon


-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  if not provided useInterlacePUCCH-Common-r16 ; otherwise, the UE determines the interlace index of the PUCCH transmission as 

-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
 
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	[bookmark: _Hlk24922500]Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



Table 9.2.1-2: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol or set of first symbols
	Number of symbols
	Starting interlace index 
	Set of initial CS indexes
	Set of orthogonal cover code indexes

	0
	0
	{9, 12}
	2
	0
	{0, 3}
	-

	1
	0
	{9, 12}
	2
	0
	{0, 1, 2, 3}
	-

	2
	0
	{9, 12}
	2
	3
	{0, 1, 2, 3}
	-

	3
	1
	10
	4
	0
	{0, 6}
	{0, 1}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	{0, 1}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	{0, 1}

	6
	1
	10
	4
	4
	{1, 4, 7, 10}
	{0, 1}

	7
	1
	4
	10
	0
	{0, 6}
	{0, 1}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	{0, 1}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	{0, 1}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}
	{2, 3}

	11
	1
	0
	14
	0
	{0, 6}
	{0, 1}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	{0, 1}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}
	{0, 1}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}
	{2, 3}

	15
	1
	0
	14
	4
	{0, 3, 6, 9}
	{4, 5}





[bookmark: _Toc24660997]A.3	LG
Table 3. Example of initial PUCCH resource sets for NR-U (total 8 sets)
[image: ]

Based on the above Table 3, one of 8 PUCCH resource sets can be indicated by 3-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 3/5/7,
A. One of 16 combinations by {4 interlace index (e.g. 0, 1, 2, 3), 4 CS values} is indicated.
(b) For the PUCCH resource set by RMSI value of 2/4/6,
A. One of 16 combinations by {4 interlace index, 2 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(c) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {4 interlace index, 2 or 3 CS values, 2 starting symbols (e.g. index 12, 9} is indicated.

Table 4. Example of initial PUCCH resource sets for NR-U (total 16 sets)
[image: ]

Based on the above Table 4, one of 16 PUCCH resource sets can be indicated by 4-bit RMSI signaling, and then one of 16 PUCCH resources within the indicated set can be allocated based on 3-bit PRI signaling in DCI and 1-bit PDCCH CCE mapping as below.

(a) For the PUCCH resource set by RMSI value of 6/7/10/11/14/15,
A. One of 16 combinations by {2 interlace index (e.g. 0, 1), 4 CS values, 2 OCC index (e.g. 0, 1)} is indicated.
(b) For the PUCCH resource set by RMSI value of 8/9/12/13,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 OCC index (e.g. 0, 1, 2, 3)} is indicated.
(c) For the PUCCH resource set by RMSI value of 4/5,
A. One of 16 combinations by {2 interlace index, 2 CS values, 2 OCC index, 2 starting symbols (e.g. index 10, 5)} is indicated.
(d) For the PUCCH resource set by RMSI value of 0/1,
A. One of 16 combinations by {2 interlace index, 2 CS values, 4 starting symbols (e.g. index 12, 9, 6, 3)} is indicated.
(e) For the PUCCH resource set by RMSI value of 2/3,
A. One of 16 combinations by {2 interlace index, 3 CS values, 3 starting symbols (e.g. index 12, 9, 6)} is indicated.
[bookmark: _Toc24660998]A.4	Nokia
[bookmark: _Hlk24099338][bookmark: _Hlk24099346]Proposal 13: Rel15 PUCCH resource sets are used as a base set for interlaced PUCCH prior to dedicated configuration with PRB offset replaced with interlace index. Additionally, interlace index 1 is inserted for PUCCH resource set #15.
Proposal 14: In case that initial BWP with less than 50 PRBs is supported with NR-U, following changes are made to the determination of PUCCH resource sets prior dedicated PUCCH resource configuration:
· For PUCCH resource set #0 with PF0, set of initial CS indexes is {0, 1, 2, 3, 4, 5}
· Only PUCCH interlaces with 10 or 11 PRBs are used in the PUCCH resource sets 
· Orthogonal cover codes with index 0 and 1 are used with PUCCH format 1 in the PUCCH resource sets.
[bookmark: _Toc24660999]A.5	Qualcomm
[bookmark: b10]Proposal 10: For PUCCH before dedicated resource configuration, redesign the PUCCH resource sets table considering
· Reinterpretation of PRB offsets as Interlace indices
· Use of TD-OCC for E-PF 0
· Use of increased number of cyclic shifts and cyclic shift step sizes
· Use of different start symbol and number of symbol combinations.

For example:
· Use TD-OCC for E-PF0 to create more resources. Same row can have multiple OCC indices. Also different rows can be distinguished using different OCC indices. For example:
Table 4: PUCCH resources enhanced by TD-OCC
	Index
	PUCCH format
	First symbol
	Number of symbols
	Interlace index
	Set of initial CS indexes
	TD-OCC 

	0
	0
	12
	2
	0
	{0, 3}
	[1,1] and [1,-1]

	1
	0
	12
	2
	0
	{0, 4, 8}
	[1,1]

	2
	0
	12
	2
	0
	{0, 4, 8}
	[1,-1]



· Increase the number of cyclic shifts. For example: 
Table 5: PUCCH resources enhanced by increasing number of cyclic shifts
	Index
	PUCCH format
	First symbol
	Number of symbols
	Interlace index
	Set of initial CS indexes
	TD-OCC 

	3
	1
	10
	4
	0
	{0, 4, 8}
	All ones

	7
	1
	4
	10
	0
	{0, 4, 8}
	All ones

	11
	1
	0
	14
	0
	{0, 4, 8}
	All ones


· Use phase ramp offset and phase ramp stepsize to have different rows using different resources.
Table 6: PUCCH resources enhanced by stepsize set
	Index
	PUCCH format
	First symbol
	Number of symbols
	Interlace index
	Set of initial CS indexes
	Step size set 

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	{1, 7}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}
	{1, 7}



· Use different start length and number of symbol combinations. In some cases, LBT gaps have to be created between two sets of PUCCH resources. For example: A four symbol PUCCH resource may occupy symbols 4-7, and the next set of four symbol PUCCH resources may occupy symbols 10-13. PUCCH resources occupying symbols 6,8 and 12 can also be created.
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RMSI value  PUCCH format  Starting symbol  Number of symbols  Initial CS index set  

0  0  12  2  {0, 3}  

1  0  12  2  {0, 4, 8}  

2  1  10  4  {0, 6}  

3  1  10  4  {0, 3, 6, 9}  

4  1  4  10  {0, 6}  

5  1  4  10  {0, 3, 6, 9}  

6  1  0  14  {0, 6}  

7  1  0  14  {0, 3, 6, 9}  
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RMSI value  PUCCH format  Starting  symbol  Number of  symbols  Initial CS  index set  Cell - specific  interlace offset  

0  0  12  2  {0, 3}  0  

1  0  12  2  {0, 3}  2  

2  0  12  2  {0, 4, 8}  0  

3  0  12  2  {0, 4, 8}  2  

4  1  10  4  {0, 6}  0  

5  1  10  4  {0, 6}  2  

6  1  10  4  {0, 3, 6, 9}  0  

7  1  10  4  {0, 3, 6, 9}  2  

8  1  4  10  {0, 6}  0  

9  1  4  10  {0, 6}  2  

10  1  4  10  {0, 3, 6, 9}  0  

11  1  4  10  {0, 3, 6, 9}  2  

12  1  0  14  {0, 6}  0  

13  1  0  14  {0, 6}  2  

14  1  0  14  {0, 3, 6, 9}  0  

15  1  0  14  {0, 3, 6, 9}  2  
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