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Introduction
This paper summarizes the RRC parameter changes required for NR-U, up to RAN1 #98bis. The change marks are with respect to the RRC parameter list after RAN1 #98.

Note: the parameters herein are a result of NR-U WI. Discussion of generalizing some of the parameter(s) without NR-U restriction may take place later especially during UE feature related discussion.


RRC parameter changes

7.2.2.1	Physical Layer Signals and Channels
7.2.2.1.1	Initial access signals/channels 
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	subCarrierSpacingCommon
	No new values
	extension
	Per cell
	Broadcast
	For NR-U, only support coreset #0 SCS same as SSB SCS
	For NR-U, only support coreset #0 SCS same as SSB SCS. This restriction can be captured in the MIB field description as “For NR cell operating in  unlicensed band, the subcarrier spacing for SIB1 is same as that for the corresponding SSB.  ” or in RAN1 spec

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



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

	availableLBT-BandwidthRB-RangesPerCell-r16
	FFS with a possible set of parameters as {positionInDCI, servingCellId }
	new
	Per cell
	Dedicated
	Add in SlotFormatIndicator.
Provides position in DCI of the bit(s) indicating the availability of RB rangesLBT bandwidths (corresponding to one or more LBT bandwidths) of a serving cell with index servingCellId. A list of availableLBTRB-BandwidthsRangesPerCell-r16 objects is configured for one or more serving cells. FFS how the RB rRanges for each LBT bandwidth isper cell are signaled/derived
	

	CO-DurationPerCell-r16
	[bookmark: _Hlk22840355]{positionInDCI, DCI-FieldLength, servingCellId, [CO-DurationList-r16]}

FFS: Whether or not the RRC configured list CO-DurationList-r16 is needed. If not agreed to be configurable, the list is hard-coded in RAN1 specifications. In either case, DCI-FieldLength corresponds to the length of the list.

	new
	Per cell
	Dedicated
	Add in SlotFormatIndicator. 
If configured, provides position in DCI of the bit field indicating Channal Occupancy duration for serving cell servingCellId.
A list of CO-DurationPerCell-r16 objects is configured for one or more serving cells. 
FFS if DCI-FieldLength can be a single value, in which case, signaling is not needed.
FFS whether/how to design CO-DurationList-r16, which defines how to interpret each bit field value to a CO duration value.
This parameter is optionally configured. If not configured, the UE uses SFI indication to determine the channel occupancy duration (if SFI is available).
FFS: Details of SFI indication of duration.
	

	searchSpaceGroupIdList-r16
(Example, no RAN1 decision)
	Any combination of {0,…,maxSearchSpaceGroups-r16-1}
	new
	Per BWP
	dedicated
	Add in SearchSpace.
If configured, it provides a list of search space group IDs to which the search space set is associated.

maxSearchSpaceGroup-r16 is at least 2 per current agreement.
FFS: Whether more than 2 search space groups can be configured

FFS if type3 CSS should be excluded

This IE is example to capture the following agreement. RAN2 can decide how to optimize the RRC signaling design. 
Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.

	This parameter is optionally configured. If not configured, the UE will always monitor for PDCCH in this search space set.

	
	
	
	
	
	
	



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

	InterlaceAllocation-r16
	FFS value{LBTbandwidthIndex,interlace0}
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-Resource. Indicates the firstwhich interlace(s) are that is 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

Interlace0 is the only interlace of  interlaced PF0/1 and the first interlace for interlaced PF 2/3.

Add LBTbandwidthIndex in PUCCH-Resource to indicate the LBT bandwidth location in which the PUCCH resource is configured. 

FFS: How the LBT bandwidth index is mapped to an RB range within a BWP. 

FFS more accurate name for LBTbandwidthIndex
	intraSlotFrequencyHopping should not be enabled and startingPRB/secondHopPRB should not be configured, when interlace based PUCCH formats are configured

	Interlace1
	FFS value. FFS if indicated as interlace index or as number of interlace
	new
	Per UL BWP
	Dedicated
	Added in PUCCH-format2 and PUCCH-format3.
For interlaced PUCCH format 2/3, interlace1 can be further configured (FFS: whether interlace1 is freely configurable or has a fixed offset from interlace0 (in which a simple on/off in enough for configuration))

	

	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
	

	useInterlacePUCCH-Common-r16
	{enable}
	new
	Per initial UL BWP
	broadcast
	Add in PUCCH-ConfigCommon. When configured to be “enable”,  interlaced PF0/1 will be used for cell-specific PUCCH before dedicated PUCCH configuration is used. Otherwise, Rel.15 PUCCH PF0/1 will be used
	The UE expects useInterlacePUCCH-Common-r16 and useInterlacePUSCH-Common-r16 to be both configured as ‘enable’ or both not configured.
If configured as ‘enable’ the UE assumes no frequency hopping.

	useInterlacePUSCH-Common-r16
	{enable}
	new
	Per initial UL BWP
	broadcast
	Add in PUSCH-ConfigCommon. When configured to be “enable”, interlaced PUSCH will be used for cell-specific PUSCH before dedicated PUSCH configuration is used
	The UE expects useInterlacePUCCH-Common-r16 and useInterlacePUSCH-Common-r16 to be both configured as ‘enable’ or both not configured.
If configured as ‘enable’ the UE assumes no frequency hopping.

	useInterlacePUCCH-Dedicated-r16
	{enable}
	new
	Per BWP
	dedicated
	Add in PUCCH-Config. When configured to be “enable”, interlaced PF0/1/2/3 will be used for dedicated PUCCH. Otherwise, Rel.15 PUCCH PF0/1/2/3/4 will be used
	When configured to be “enable”, the interslotFrequencyHopping in PUCCH-
FormatConfig should not be “enable”, and intraSlotFrequencyHopping in PUCCH-Resource should not be “enable”.
FFS if UE expects the configuration to be different between PUCCH-ConfigCommon and PUCCH-Config

	useInterlacePUSCH-Dedicated-r16
	{enable}
	new
	Per BWP
	dedicated
	Add in PUSCH-Config and ConfiguredGrantConfig. When configured to be “enable”, interlaced PUSCH will be used for dedicated PUSCH. Otherwise, legacy resource allocation for PUSCH will be used.
	If configured as ‘enable’. frequencyHopping in PUSCH-Config should not be enabled

FFS if UE expects the configuration to be different between PUSCH-ConfigCommon and PUSCH-Config

	OCC-Length-r16
	{2,4}
	new
	Per BWP
	dedicated
	Add in PUCCH-Format 2 and PUCCH-Format3. 
Applicable when useInterlacePUCCH-Dedicated-r16 is configured as ‘enable.’
When configured, use OCC of 2 or 4 for interlaced PF2/3.
Not applicable when interlace1 in the same IE is configured.
	Configured when useInterlacePUCCH-Dedicated-r16 is configured

	OCC-Index-r16
	{0,1,2,3}
	new
	Per BWP
	dedicated
	Add in PUCCH-Format 2 and PUCCH-Format3.
Applicable when useInterlacePUCCH-Dedicated-r16 is configured as ‘enable.’
Not applicable when interlace1 in the same IE is configured.
	Configured when useInterlacePUCCH-Dedicated-r16 is configured

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



7.2.2.2	Physical Layer Procedure

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

	LBT-Config-r16
	{maxEnergyDetectionThreshold-r16,
energyDetectionThresholdOffset-16,
ULtoDL-CO-SharingED-Threshold-r16}
FFS other values
	new
	Per Cell
	dedicated
	LBT control for UE
	

	maxEnergyDetectionThreshold-r16
	FFS value
	new
	Per Cell
	dedicated
	Add in LBT-Config-r16. This is not discussed in RAN1, but copied from LTE-LAA, assuming it is needed. FFS changes needed
	

	energyDetectionThresholdOffset-16
	[-13,…,20]
	new
	Per Cell
	dedicated
	Add in LBT-Config-r16. This is not discussed in RAN1, but copied from LTE-LAA, assuming it is needed. FFS changes needed
	

	ULtoDL-CO-SharingED-Threshold-r16
	FFS value.
Example: INTEGER(-85..-52)
	new
	Per Cell
	dedicated
	Add in LBT-Config-r16. Maximum ED threshold the UE should use to share channel occupancy with gNB for DL transmission with length longer than 2/4/8 OFDM symbols at 15/30/60KHz SCS 
	

	absenceOfAnyOtherTechnology-r16
	{true}
	new
	Per Cell
	dedicated
	Presence of this field indicates absence on a long term basis (e.g. by level of regulation) of any other technology sharing the carrier; absence of this field indicates the potential presence of any other technology sharing the carrier, as specified in TS 37.213. FFS if changes needed
	

	ChannelAccessType-r16
	{semistatic, dynamic]
	new
	Per Cell
	broadcast
	FFS to be added in SIB1 or later SIB.
If configured as semi static, the gNB is operating in FBE mode. Otherwise, if configured as LBE the gNB is operating in LBE mode. FFS if and how Rel.15 RRC signaling can be reused for this indication
	

	semiStatic
ChannelAccessConfig- r16
	(Period, Offset)
	new
	Per Cell
	broadcast
	Semi-static channel access configuration
	Configure only if ChannelAccessType-r16 is semistatic

	Period
	FFS
	New
	Per Cell
	broadcast
	Added in semiStaticChanneAccessConfig-r16. The period of the semi-static channel access (i.e. FBE period). ESTI regulation allows 1ms to 10ms.
FFS if Rel.15 RRC configuration can be reused for this.
	

	Offset
	FFS
	New
	Per Cell
	broadcast
	Added in semiStaticChannelAccessConfig-r16. The offset of the semi-static channel access period (i.e. FBE period) with respect to the radio frame boundary. 
FFS if this needs to be explicitly indicated.
	



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

	ssbPositionQCL-Relationship-r16
	{1,2,4,8}
	new
	Per cell/per UE
	Broadcast/dedicated
	Add it somewhere (FFS) to capture the following agreement
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
If Q is signaled for a listed cell, it overrides any common Q value per frequency  

FFS on RRM measurements for serving ce
	

	ssbPositionQCL-Relationship-r16
	{1,2,4,8}
	new
	Per cell
	broadcast
	Add in either in MIB or SIB1.
UE can assume a QCL relation between SSBs that have the same value of modulo(PBCH DMRS sequence index, Q).

Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.
	

	RMTC-Config-r16
	{rmtc-Period-r16, rmtc-SubframeOffset-r16, measDuration-r16, rmtc-measBandwidth-r16}
	new
	Per UE
	dedicated
	Add in measObjectNR to support RSSI measurement time configuration.
	

	rmtc-Period-r16
	FFS values
LTE LAA is using {ms40, ms80, ms160, ms320, ms640}
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. Periodicity of measurement window in ms
	

	measDuration-r16
	FFS values
LTE LAA is using {sym1, sym14, sym28, sym42, sym70}
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. 
Measurement duration in OFDM symbols with a reference subcarrier spacing. FFS how to configure or select a reference subcarrier spacing for the OFDM symbol.
	

	rmtc-SubframeOffset-r16
	FFS value
LTE LAA is using {0,…,639}
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. Measurement window offset in subframes
	

	rmtc-measBandwidth-r16
	FFS value.
At least in unit of LBT bandwidth.
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. Measurement bandwidth
	

	rmtc-measARFCN-r16
	ARFCN
	new
	Per UE
	dedicated
	Add in RMTC-Config-r16. Measurement center frequency (in ARFCN) for inter-frequency RSSI measurement
	

	FFS: copy from LAA
measRSSI-ReportConfig-r16
	channelOccupancyThreshold-r16 [0,…,76]
	new
	Per band
	dedicated
	Add in ReportConfigNR (Note: Not discussed in RAN1, but assume a report config is needed as in LTE LAA)
	

	DRS-WindowLength-r16
	FFS value
FFS window length unit (can be configured in ms/slot/SSB position index)
	new
	Per cell
	Broadcast/dedicated
	Add in ServingCellConfigCommon and ServingCellConfigCommonSIB. FFS how the window length is indicated (in ms/slot/SSB position index). Any SSB beyond indicated window will be assumed to be not transmitted
	



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

	dl-DataToUL-ACK
	A non-numerical value added
	extension
	Per UL BWP
	Dedicated
	Rel.15 allows values from 0 to 15. In Rel.16, add a “non-numerical value” to support the case where the A/N feedback timing is not explicitly included at the time of scheduling PDSCH. FFS: if the non numerical value should work independently of enhanced dynamic code book, and if so how?
	

	pdsch-HARQ-ACK-Codebook
	Add a new value “enhancedDynamic-r16”
	extension
	Per UE
	Dedicated
	Located in PhysicalCellGroupConfig. Add the support of enhanced dynamic HARQ ACK codebook by adding new value
	

	pusch-MultiPUSCH-r16
	{?}
	new
	? (need to discuss)
	Dedicated 
	Multi-PUSCH UL grant support.
If not configured, not supporting multi-PUSCH UL grant. If configured, this is the maximum number of TTIs can be scheduled from one UL grant 
	Editor’s note: This may not be needed anymore as the functionality is absorbed in the pusch-TimeDomainAllocationList-r16 introduced in RAN1 #98bis

	NFI-TotalDAI-Included-r16
	{enable}
	new
	Per UE
	Dedicated 
	Add in PhysicalCellGroupConfig. Applicable when enhanced dynamic codebook is configured. 
Indicating in the non-fallback DL grant DCI, the NFI and total DAI fields of the non-scheduled PDSCH group is included.
	Can be configured only when pdsch-HARQ-ACK-Codebook is configured with value enhancedDynamic-r16

	UL-TotalDAI-Included-r16
	{enable}
	new
	Per UE
	Dedicated 
	Add in PhysicalCellGroupConfig. Applicable when enhanced dynamic codebook is configured. 
Indicating in the non-fallback UL grant DCI, the total DAI fields of the additonal PDSCH group is included.
	Can be configured only when pdsch-HARQ-ACK-Codebook is configured with value enhancedDynamic-r16

	pdsch-HARQ-ACK-OneShotFeedback-r16
	{enable}
	new
	Per UE
	Dedicated 
	Add in PhysicalCellGroupConfig. When configured, the UE will report A/N for all HARQ processes and all CCs configured in the PUCCH group
	Can be configured when pdsch-HARQ-ACK-Codebook is semiStatic or dynamic. FFS if can be configured if pdsch-HARQ-ACK-Codebook is enhancedDynamic-r16

	pusch-TimeDomainAllocationList-r16
	FFS
	FFS new or extension
	Per BWP
	dedicated
	Needs to be enhanced to support multi-PUSCH UL grant. Details still FFS
	Restriction that configuration should ensure there is no gap between PUSCHs

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




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

	cg-nrofSlots-r16
	{?}
	new
	Per UL BWP
	Dedicated
	Introduce this in ConfiguredGrantConfig. Number of allocated slots in a configured grant periodicity following the time instance of configured grant offset.
Still FFS how to handle CG UL in one slot
	

	cg-minDFIDelay-r16
	{?}
	new
	Per UL BWP
	Dedicated
	Introduce this in ConfiguredGrantConfig. This  is the minimum duration (in unit of symbols), from the ending symbol of the CG-PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH. UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-cg-DFIDelay-r16, where n is the time corresponding to the beginning of the start symbol of the DFI.
	

	cg-StartingFullBW-InsideCOT-r16
	FFS
	new
	Per UL BWP
	Dedicated
	Add in ConfiguredGrantConfig.
A set of configure grant PUSCH transmission starting offsets which indicates the length of a CP extension of the first symbol that is located before the configured resource when frequency domain resource allocation includes all interlaces in the allocated LBT bandwidth(s) and the CG PUSCH resource is inside gNB COT
	

	cg-StartingFullBW-OutsideCOT-r16
	FFS
	new
	Per UL BWP
	Dedicated
	Add in ConfiguredGrantConfig.
A set of configure grant PUSCH transmission starting offsets which indicates the length of a CP extension of the first symbol that is located before the configured resource when frequency domain resource allocation includes all interlaces in the allocated LBT bandwidth(s) and the CG PUSCH resource is outside gNB COT
	

	cg-StartingPartialBW-InsideCOT-r16
	FFS
	new
	Per UL BWP
	Dedicated
	Add in ConfiguredGrantConfig.
Indicates the length of a CP extension of the first symbol that is located before the configured resource when frequency domain resource allocation does not include all interlaces in the allocated LBT bandwidth(s) and the CG PUSCH resource is inside gNB COT
	

	cg-StartingPartialBW-OutsideCOT-r16
	FFS
	new
	Per UL BWP
	Dedicated
	Add in ConfiguredGrantConfig.
Indicates the length of a CP extension of the first symbol that is located before the configured resource when frequency domain resource allocation does includes all interlaces in the allocated LBT bandwidth(s) and the CG PUSCH resource is outside gNB COT
	

	betaOffsetCG-UCI-r16
	FFS
	new
	Per UL BWP
	dedicated
	Beta offset for CG-UCI in CG-PUSCH
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



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

	FFS between intraCellGuardBand-r16 and 
RB-RangesPerCell-r16

	FFS value
FFS if the values are based on CRB or PRB depends this is per cell or per BWP
	new
	FFS: Per cell or per BWP
	FFS
	To capture the agreement: 
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
	

	freqMonitorLocations-r16
	FFS values. RAN2 can make decision
	new
	Per BWP
	dedicated
	Add in SearchSpace. When configured, this indicates an association of the search space to multiple monitoring locations in the frequency domain. Each monitoring location is confined within an LBT bandwidth.
To capture agreements:
Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen
Agreement
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
	

	
	
	
	
	
	
	



7.2.23	Others





