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1. Introduction
At the RAN1 #98 meeting, UL signals and channels for NR-U were discussed and following agreement/conclusion were made [1].
	Agreement:
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 

Agreement:
Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected from the four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 
· FFS: Cyclic shift ordering

Agreement:
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth

Agreement:
· 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

Conclusion:
For 10 MHz carrier bandwidth, enhancements to Rel-15 UL signals and channels are not necessary. 

Agreement:
A PUCCH resource configured with interleaved mapping occupies consecutive PRBs within at least one interlace within a BWP. The PUCCH resource configuration includes the following:
· An indication of the allocated interlace
· An indication of the location of the PUCCH resource within the allocated interlace
· Note: This may not be needed for a bandwidth part of 20 MHz or less
· The number of PRBs NPUCCH within the allocated interlace given by the following:
· For Interlaced PF0/1/2:
· NPUCCH = 10 or 11 depending on the allocated interlace
· For Interlaced PF3:
· NPUCCH = 10
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
· FFS: Potential impact due to in-carrier guard bands
· Note: The UE is not expected to be configured with PUCCH transmissions spanning multiple LBT bandwidths



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “UL signals and channels for NR-U” agenda was endorsed [2].
	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



In this contribution, we discuss on the UL signals and channels for NR-U, including PUCCH formats, UL resource allocation and PUSCH starting position. 


2. Configurability of interlace transmission
For UL interlace design for PUSCH/PUCCH, following discussion points were identified in [3].
· PUCCH
· PUCCH resource sets prior to dedicated configuration of PUCCH resources
· How to configure contiguous (Rel-15) vs. interlaced allocation?
· Indication via SIB1?
· PUCCH resource sets after dedicated configuration of PUCCH resources
· How to configure contiguous (Rel-15) vs. interlaced allocation?
· RRC configuration in PUCCH-Config?
· PUSCH
· PUSCH transmission prior to dedicated configuration, i.e., Msg3 PUSCH
· How to configure contiguous (Rel-15) vs. interlaced allocation
· Indication via SIB1?
· PUSCH after dedicated configuration
· How to configure/indicate contiguous (Rel-15) vs. interlaced allocation for each of the following cases?
· PUSCH scheduled by DCI 0_1
· PUSCH scheduled by DCI 0_0
· Configured grant Type 1
· Configured grant Type 2
· Frequency hopping
· Disabled if interlaced PUSCH/PUCCH configured/indicated?

For the configuration of interlaced or contiguous allocation, the interlaced allocation would be used for improving the link budget with given PSD constraint and/or meeting the occupied channel bandwidth requirement. Since both situations would be static in regulatory level, an indication in SIB1 prior to dedicated configuration and an RRC configuration would be sufficient for indicating whether contiguous or interlaced allocation is applied to both PUCCH and PUSCH. 
Proposal 1: An indication in SIB1 prior to dedicated configuration and an RRC configuration are supported for indicating whether contiguous or interlaced allocation is applied to both PUCCH and PUSCH.
If interlaced allocation is indicated/configured, the allocated interlace(s) should be indicated/configured by the same framework as contiguous allocation as much as possible. Therefore, the following should be supported:
Proposal 2: The allocated interlace(s) is/are indicated/configured by the following signalling
· PUSCH
· Prior to dedicated configuration (i.e. Msg3): RAR UL grant
· After dedicated configuration:
· Scheduled by DCI format 0_0/_1 and configured grant Type 2: Scheduling/activating DCI
· Configured grant Type 1: RRC signalling
· PUCCH
· Prior to dedicated configuration (e.g. HARQ-ACK for Msg4): pucch-ResourceCommon in SIB1 and DCI
· After dedicated configuration: RRC configuration in PUCCH-Resource and DCI
For frequency hopping, since interlaced allocation itself can achieve frequency diversity gain, frequency hopping should be disabled for both PUSCH and PUCCH if interlaced allocation is indicated/configured.
Proposal 3: Frequency hopping is disabled for both PUSCH and PUCCH if interlaced allocation is indicated/configured.


3. Frequency domain resource allocation signaling for interlaced PUSCH
As shown in Section 1, down-selection should be done for 15 kHz SCS frequency domain resource allocation from the following 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
For frequency domain resource allocation for interlaced PUSCH with 15 kHz SCS within 20 MHz bandwidth, the uplink resource allocation type 3 mechanism for 20 MHz LTE-eLAA can be reused [4]. For 15 kHz SCS, 6 bits resource allocation field in UL grant can consist of a resource indication value (RIV) which corresponds to the starting resource block and allocated interlaces based on specific equations and rule. Based on the agreement on PRB-based interlace design as shown in Section 1,  even for wideband operation, same frequency domain resource allocation mechanism as for 20 MHz bandwidth operation can be used. However, in order to support partial interlace allocation, e.g., resource allocation only on some selected LBT sub-bands, additional indication such as a bitmap of allocated LBT sub-bands would be necessary.
Proposal 4: Following frequency domain resource allocation mechanism is supported for interlaced PUSCH.
· In case of 15 kHz SCS with bandwidth equal to or wider than 20 MHz, 6 bits resource allocation field in UL grant indicates RIV as in UL resource allocation type 3 in LTE.
· In case that bandwidth is wider than 20 MHz, additional bitmap is carried in the following signalling to indicate allocated LBT bandwidths.
· Scheduled by DCI format 0_0/_1 and configured grant Type 2: Scheduling/Activating DCI
· Configured grant Type 1: RRC signalling
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4. Enhanced PUCCH format design for NR-U
The remaining issue for ePF2/3 is whether/how to support user multiplexing. For both ePF2 and ePF3, different interlaces can be used for user multiplexing as well as for PUSCH, and hence no-CDM support for ePF2/ePF3 would be acceptable.
Proposal 5: Enhanced PF2/3 for NR-U are specified without support of CDM functionality.
The remaining issue for enhanced PF0/1 is the cyclic shift ordering of the agreed interlace design (i.e. Alt-1a). The evaluation result for Alt-1a are summarized in [3] and shows that the simplest one (i.e., incrementing CS by 1 for each PRB) performs well. Considering the limited time for NR-U Rel-16 WI, the simplest one would be reasonable.
Proposal 6: Incrementing CS by 1 for each PRB is used for the cyclic shift ordering of enhanced PF0/1.
For the interlaced PUCCH bandwidth configuration, as shown in Section 1, the following is stated as the remaining issue:
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
For PF2/3, at most 16 PRBs can be allocated in Rel-15. At least the same number of PRBs can be allocated to interlaced PF2/3 in order to support large UCI payload. So two interlace allocation should be supported for PF2/3. In the legacy PUCCH frequency domain resource allocation, the number of PRBs used for the PUCCH transmission is adjusted based on the UCI payload according to Sections 9.2.3, 9.2.5.1 and 9.2.5.2 in TS38.213. However, since one of the main use cases for applying interlaced allocation is to meet the occupied channel bandwidth requirement, all of the allocated PRBs should be used for PUCCH transmission. Since the rate-matching function adjusts the resultant coding rate for a given number of PRBs, additional specification is not necessary for fulfilling the allocated PRBs.
[bookmark: _Hlk4655110]Proposal 7: 2 interlaces can be configured for ePF2/3.
Proposal 8: All of the allocated PRBs are used for PUCCH transmission for ePF2/3.
For the BWP configuration, as mentioned above, all of the PRBs in the interlace should be used for PUCCH transmission to meet the occupied channel bandwidth requirement. So the BWP should be configured to fill in the allocated PRBs when interlaced allocation is configured/indicated.
Proposal 9: BWP should be configured to fill in the allocated PRBs when interlaced allocation is configured/indicated.


5. SRS waveform enhancement
There is a proposal on support of interlaced design for SRS [3]. It may be beneficial in terms of FDM with other interlaced UL channel and efficient channel sounding for an interlace. However, as this item is categorized as optimization in [2], even Rel-15 SRS design can work in NR-U without significant problem. Therefore, considering the limited time for Rel-16 NR-U, SRS waveform enhancement should be deprioritized.
Proposal 10: SRS waveform enhancement including support of interlaced design is deprioritized in Rel-16 NR-U.


6. Conclusion
In this contribution, we discussed on the UL signals and channels for NR-U. Based on the discussion, we made following proposals.
Proposal 1: An indication in SIB1 prior to dedicated configuration and an RRC configuration are supported for indicating whether contiguous or interlaced allocation is applied to both PUCCH and PUSCH.
Proposal 2: The allocated interlace(s) is/are indicated/configured by the following signalling.
· PUSCH
· Prior to dedicated configuration (i.e. Msg3): RAR UL grant
· After dedicated configuration:
· Scheduled by DCI format 0_0/_1 and configured grant Type 2: Scheduling/activating DCI
· Configured grant Type 1: RRC signalling
· PUCCH
· Prior to dedicated configuration (e.g. HARQ-ACK for Msg4): pucch-ResourceCommon in SIB1 and DCI
· After dedicated configuration: RRC configuration in PUCCH-Resource and DCI
Proposal 3: Frequency hopping is disabled for both PUSCH and PUCCH if interlaced allocation is indicated/configured.
Proposal 4: Following frequency domain resource allocation mechanism is supported for interlaced PUSCH.
· In case of 15 kHz SCS with bandwidth equal to or wider than 20 MHz, 6 bits resource allocation field in UL grant indicates RIV as in UL resource allocation type 3 in LTE.
· In case that bandwidth is wider than 20 MHz, additional bitmap is carried in the following signalling to indicate allocated LBT bandwidths.
· Scheduled by DCI format 0_0/_1 and configured grant Type 2: Scheduling/Activating DCI
· Configured grant Type 1: RRC signalling
Proposal 5: Enhanced PF2/3 for NR-U are specified without support of CDM functionality.
Proposal 6: Incrementing CS by 1 for each PRB is used for the cyclic shift ordering of enhanced PF0/1.
Proposal 7: 2 interlaces can be configured for ePF2/3.
Proposal 8: All of the allocated PRBs are used for PUCCH transmission for ePF2/3.
Proposal 9: BWP should be configured to fill in the allocated PRBs when interlaced allocation is configured/indicated.
Proposal 10: SRS waveform enhancement including support of interlaced design is deprioritized in Rel-16 NR-U.
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Appendix: RRC parameters
RRC parameters necessary for supporting the proposals in this contribution are summarized as follows. The added/modified parts from [5] are colored by red.

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	fdraType-r16
	{contiguous, interlaced}
	new
	Per cell
	Broadcast
	Indication whether contiguous or interlaced allocation is applied to both PUCCH and PUSCH.
	

	InterlaceAllocation-r16
	FFS value
	new
	Per UL BWP
	Dedicated
	Add in rrc-ConfiguredUplinkGrant. Indicates which interlace(s) are allocated for PUSCH CG Type 1. 
	frequencyHopping should not be configured

	InterlaceAllocation-r16
	FFS value
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-Resource. Indicates which interlace(s) are allocated for a PUCCH resource. 
FFS: How to indicate the location of the PUCCH resource within the allocated interlace(s).
FFS: Whether or not 2 interlace indices can be indicated for extended PUCCH format 2/3
	intraSlotFrequencyHopping should not be enabled and startingPRB/secondHopPRB should not be configured, when interlace based PUCCH formats are configured

	SubBandAllocation-r16
	FFS value
	new
	Per UL BWP
	Dedicated
	Add in rrc-ConfiguredUplinkGrant.
indicate which LBT bandwidths are allocated for PUSCH CG Type 1.
	

	startPosition
	{0..13}
	extension
	Per UL BWP
	Dedicated
	Configured in resourceMapping in SRS-Resource. Extend Rel.15 range of 0,…,5 to Rel.16 range of 0,…,13 to allow SRS starting position all symbols of a slot
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