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Introduction
In this paper, we discuss the remaining issues of INACTIVE state positioning and on-demand PRS.

UL INACTIVE state
SRS and BWP#0
In RAN1#106b-e, we made the following agreement on SRS BW configuration with respect to BWP#0 [1].
	Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information



We think either a separate BWP from the BWP#0 as the CG-SDT configuration or non-BWP based on SRS configuration could work. A simple solution could be follow CG-SDT configuration to have a BWP to cover the SRS configuration.
Proposal 1: RAN1 to adopt either one of the following on SRS and BWP
Alt.1 SRS is configured within a BWP that can be different from BWP#0
Alt.2 SRS is not configured within any BWP.
In whichever way, there should be RF retuning time between SRS Tx and Tx in UL BWP#0 or CG-SDT BWP. The retuning time may impact the criteron to determine the collision between two Tx.
This is also covered by the DL discussion when PRS collides with the DL signals and channels in the LS sent to RAN4 [1].
	Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback



RAN1 may also resolve this issue by defining the UE Tx switching period capability similar to SRS carrier switching defined in Rel-15.
	BandParameters-v1540 ::=            SEQUENCE {
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {
            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR
        },
        eutra                               SEQUENCE {
            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA
        }
    }                                                                              OPTIONAL,
    srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}



The difference between SRS Tx switching in RRC_INACTIVE with SRS carrier based switching is that the former is within a CC/band, while the latter also covers the inter-band switching.
However the current SRS carrier switching also supports intra-band carrier switching, and is sufficient to cover it.
Proposal 2: Introduce a UE capability on switching between SRS Tx and other Tx in BWP#0 or CG-SDT.
The capability is reported per band, and take the IE SRS-SwitchingTimeNR defined in TS 38.331.
If the transmission of SRS including the switching period results in the collision with other DL reception or UL transmission, the SRS transmission is dropped.

SRS capability in RRC_INACTIVE
For positioning SRS capabilities in RRC_CONNECTED state, they include
Spatial relation and open-loop power control reported per band
SRS resource capability reported per FS
Simultaneous transmission of two SRS for intra-band and inter-band CA reported per band and per BC
We understand that the UE may support different positioning SRS capabilities in RRC_INACTIVE than those in RRC_CONNECTED, and some capabilities reported per FS/BC in RRC_CONNECTED may require discussion on the fallback behaviour to RRC_INACTIVE (without CA configuration), it is thus preferred to introduce separate SRS capabilities for RRC_INACITVE state.
The simultaneous transmission feature is not applicable to UE in RRC_INACTIVE since there is no CA configuration, while the remaining two can be adapted to per band.
The capabilities should be provided to the gNB, so that gNB may decide which configuration should be used in RRC_INACTIVE.
Note that in Rel-16, some SRS capabilities may also be provided to the LMF, so that LMF could make a proper recommendation to the serving gNB on the RS number and pathloss reference/spatial relation assistance. This could also be provided to the LMF for SRS support in RRC_INACTIVE. Even though LMF is not aware of the RRC states, LMF could still make a proper SRS configuration request to the gNB that can be maintained in RRC_INACTIVE state.
Proposal 3: Support separate UE SRS capabilities in RRC_INACTIVE state from the RRC_CONNECTED, including
SRS resource capabilities
Spatial relation capabilities
Open loop power control capabilities
The capabilities are reported per band to the gNB and LMF, similar to Rel-16.

Validation of SRS
In RAN1#106b-e, we made the following agreement on SRS transmission validation [1].
	Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS: UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
· FFS: Whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid



The FFSs on the fallback behaviour and spatial relation are address.
For fallback behaviour of pathloss reference measurement, our preference is to suspend the SRS resource set transmission, since in this case, the SRS may not be received by the intended TRP, and will impact the UE power consumption.
For spatial relation, we think it could be in principle reuse the OLPC mechanism, and the SRS resource transmission can be suspended if the spatial relation RS cannot be detected.
On top of that, RAN2 is also discussing TA validation criteria, to release/suspend all configured SRS transmission. So to our understanding, TA validation, OLPC, spatial relation can control the SRS transmission on different levels.
	Control elements
	UE behaviour with invalidated condition

	TA validation
	Drop all configured SRS

	OLPC validation
	Drop the corresponding SRS resource set

	Spatial relation validation
	Drop the corresponding SRS resource



Proposal 4: UE will suspend transmission of the corresponding SRS resource set and SRS resource if the pathloss reference RS and spatial relation RS cannot be detected, respectively.

DL INACTIVE state
UE capabilities
With regards to UE capability of receiving PRS in RRC_INACTIVE to LMF, given that RAN2 also made the following agreement regarding RRC state exposure to LMF, which means that LMF is not aware whether the DL measurement is in RRC_INACTIVE or RRC_CONNECTED. As such, we do not think it makes much sense for the UE to report the support of PRS reception in RRC_INACTIVE to the LMF.
Agreements:
Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.

Observation 1: It is not clear how the report of UE capability of receiving PRS in RRC_INACTIVE to LMF makes a difference, since RRC state is not exposed to LMF.
We believe the support of PRS reception in RRC_INACTIVE state should be reported to gNB, in that
It is the gNB’s decision to release UE from RRC connection, due to e.g. data inactivity.
Knowing UE not supporting PRS reception in RRC_INACTIVE state would help gNB decide to keep the UE in RRC_CONNECTED state when receiving PRS.
The unified framework as proposed in our companion paper [2] to address MG-based and MG-less PRS measurement may also apply to PRS measurement in RRC_INACTIVE, with the following highlights.
[image: ]
Figure 1 Unified framework to handle MG-based, MG-less, and RRC_INACTIVE state PRS measurement
Therefore, we think it should be a natural solution to support indication of the UE capability of receiving PRS in RRC_INACTIVE to the gNB.
Proposal 5: UE capability of receiving PRS in RRC_INACTIVE should be reported to the gNB.

PRS processing window
We do not think MG configuration should be provided in RRC_INACTIVE state, but rather a PRS processing window should be considered. This is similar to SMTC being configured for RRC_IDLE/RRC_INACTIVE UEs to search SSB.
It will also help UE to process PRS locally within a DRX cycle to reduce UE power consumption.
For the PRS measurement in RRC_INACTIVE, we prefer to scale the processing period align with DRX cycle, i.e. the PRS processing window periodicity should be set to value the same as the DRX period.
Proposal 6: Support indication of PRS processing window to the UE for PRS measurement in RRC_INACTIVE, and the period of the PRS processing window is aligned with the RAN paging DRX cycle.

On-demand PRS
UE initiated
We think that the following parameters can be useful if they can be requested by the UE.
	Parameters
	Reason

	Priority order of TRPs and PRS resource sets
	In Rel-16, we defined the PRS processing priority when the assistance data exceeds the UE reported capability. However the priority list may not be appropriate for a specific UE, and UE may suggest a new order of TRPs (or PRS resource set). For example, UE may suggest a new priority order of TRPs and PRS resource sets in a TRP in the initial assistance data via the on-demand PRS signaling.
Note that this does not mean that TRP will change its transmission or PRS configuration, i.e. no RAN3 impact possibly. 

	SCell information
	In Rel-17, PRS measurement without gap is also being discussed for which the PRS bandwidth is expected to be covered at least by the BWP/CC. For this case, UE may only report its SCell configuration in CommonIEsRequestAssistanceData, so that LMF could configure PRS on SCell only and UE may process the PRS on the SCell without MG; otherwise, LMF would only provide the PRS configuration on the PCell.

	Parameters that are optional without a default value
	We think that any parameters that are optional without a default value in the LPP can be requested by UE/LMF on the basis of requesting to provide the parameter. Including
dl-PRS-QCL-Info (already agreed)
nr-PhysCellID
nr-CellGlobalID
nr-ARFCN
nr-TRP-LocationInfo
nr-DL-PRS-BeamInfo
nr-RTD-Info
Note 1: This does not mean UE would request the parameter to be a specific value, but rather request the parameter to be provided by LMF.
Note 2: This may also include the new parameters that are to be introduced in Rel-17, e.g. Tx TEG info associated with the DL PRS.



Proposal 7: The followings are supported for UE-initiated on-demand PRS.
Priority order of TRPs and PRS resource sets
· For each positioning frequency layer, UE may suggest a new TRP sequence in the updated assistance data
· For each TRP that has more than one PRS resource sets, UE may suggest a new DL-PRS resource set sequence in the updated assistance data
SCell information
· UE reports the SCell information, similar to the PCell information with or without reception of any initial assistance data
Parameters that are optional without a default value, including Rel-17 new parameters
· This means that UE would request the parameter to be provided if not in the initial assistance data or without any initial assistance data, instead of being a specific value


For the agreed parameters for UE initiated cases, we provided our understanding on the granularity in Table 1.
[bookmark: _Ref86998952]Table 1 Suggested UE initiated on-demand PRS request granularity
	Parameter
	Request granularity
	Value range

	NR-DL-PRS-Periodicity
	Per FR
	All candidate values in LPP

	dl-PRS-ResourceBandwidth
	Per UE
	{5MHz, 20MHz, 50MHz, 100MHz, 200MHz, 400MHz}
Note: In Rel-17, 200MHz and 400MHz only applies to FR2.

	DL-PRS-QCL-Info
	Per FR
	{Requested}

	startTimeOfDLPRS
	Per UE
	SFN of the PCell

	endTimeOfDLPRS
	Per UE
	SFN of the PCell

	dl-PRS-ResourceRepetitionFactor
	Per UE
	All candidate values in LPP

	dl-PRS-NumSymbols
	Per UE
	All candicate values in LPP

	dl-PRS-CombSizeN
	Per UE
	All candidate values in LPP

	dl-PRS-NumPosFreqLayers
	Per FR
	{1,2,3,4}



Proposal 8: Support the following parameter request granularity and value range for UE initiated on-demand PRS.
	Parameter
	Request granularity
	Value range

	NR-DL-PRS-Periodicity
	Per FR
	All candidate values in LPP

	dl-PRS-ResourceBandwidth
	Per UE
	{5MHz, 20MHz, 50MHz, 100MHz, 200MHz, 400MHz}
Note: In Rel-17, 200MHz and 400MHz only applies to FR2.

	DL-PRS-QCL-Info
	Per FR
	{Requested}

	startTimeOfDLPRS
	Per UE
	SFN of the PCell

	endTimeOfDLPRS
	Per UE
	SFN of the PCell

	dl-PRS-ResourceRepetitionFactor
	Per UE
	All candidate values in LPP

	dl-PRS-NumSymbols
	Per UE
	All candicate values in LPP

	dl-PRS-CombSizeN
	Per UE
	All candidate values in LPP

	dl-PRS-NumPosFreqLayers
	Per FR
	{1,2,3,4}



LMF initiated
In RAN1#106-e and RAN1#106bis-e, we agreed some parameters that can be included in the LMF initiated on-demand PRS, included in as the RRC parameter list [3] as below.

	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	NR-DL-PRS-Periodicity
	 New
	　
	NR DL PRS Periodicity
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	dl-PRS-ResourceBandwidth
	 Existing
	　
	DL PRS ResourceBandwidth
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	DL-PRS-QCL-Info
	 Existing
	　
	DL PRS QCL Information
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	startTimeOfDLPRS
	New
	　
	Start time of on-demand DL PRS transmission
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	endTimeOfDLPRS
	New
	　
	End time of on-demand DL PRS transmission
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	dl-PRS-ResourceRepetitionFactor
	Existing
	　
	DL PRS resource repetition factor
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	dl-PRS-NumSymbols
	Existing
	　
	Number of DL PRS resource symbols per DL PRS resource
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	dl-PRS-CombSizeN
	Existing
	　
	DL-PRS CombSizeN
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	dl-PRS-NumPosFreqLayers
	New
	　
	Number of DL PRS positioning frequency layers
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests

	NR_pos_enh
	On-demand PRS
	　
	　
	　
	　
	onOffIndicator
	New
	　
	ON/OFF indicator (for LMF initiated request only)
	FFS
	　
	On-demand PRS information for LMF-initiated on-demand DL PRS requests



However, RAN3 also made some agreements on on-demand PRS [4][5].
	Agreements:
Introduce a new non-UE associated NRPPa procedure (class 1) to support on-demand PRS. Details FFS.
The new NRPPa procedure enables LMF to request gNB to (re)configure PRS transmission, and gNB to indicate the updated PRS configuration to LMF. Details FFS.

Agreements:
[bookmark: _Hlk78992239]Enhance the TRP Information Exchange procedure to support pre-defined PRS configurations.
No need to support explicit indication of TRP capabilities in NRPPa.
Wait for convergence in RAN2 before tackling any Stage 2 aspects in RAN3 (if any)



RAN3 also considered the baseline TP on preconfiguration of on-demand PRS in NRPPa [6].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	PRS Bandwidth Minimum
	M
	
	INTEGER(1..63)
	

	PRS Bandwidth Maximum
	M
	
	INTEGER(1..63)
	

	PRS Periodicity Minimum
	M
	
	ENUMERATED(4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920,…)
	

	PRS Periodicity Maximum
	M
	
	ENUMERATED(4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920,…)
	



It can be seen that for the agreed bandwidth and periodicity, RAN3 adopted the provision of minimum value and maximum value based on the supported values in the specification.
It is not clear if all the parameters should follow the same way as this one, .e.g start time, and end time, QCL information, etc.
Therefore, for the newly agreed parameters that RAN1 made that will impact RAN3 specification, it should be further checked by RAN3, and decided by RAN3.
Proposal 9: For LMF initiated on-demand PRS, the parameter list offered by RAN1 should be further checked by RAN3, and decided by RAN3.

Conclusion
In this contribution, we have the following observations and proposals regarding INACTIVE state positioning and on-demand PRS.
Observation 1: It is not clear how the report of UE capability of receiving PRS in RRC_INACTIVE to LMF makes a difference, since RRC state is not exposed to LMF.

Proposal 1: RAN1 to adopt either one of the following on SRS and BWP
Alt.1 SRS is configured within a BWP that can be different from BWP#0
Alt.2 SRS is not configured within any BWP.
Proposal 2: Introduce a UE capability on switching between SRS Tx and other Tx in BWP#0 or CG-SDT.
The capability is reported per band, and take the IE SRS-SwitchingTimeNR defined in TS 38.331.
If the transmission of SRS including the switching period results in the collision with other DL reception or UL transmission, the SRS transmission is dropped.
Proposal 3: Support separate UE SRS capabilities in RRC_INACTIVE state from the RRC_CONNECTED, including
SRS resource capabilities
Spatial relation capabilities
Open loop power control capabilities
Proposal 4: UE will suspend transmission of the corresponding SRS resource set and SRS resource if the pathloss reference RS and spatial relation RS cannot be detected, respectively.
Proposal 5: UE capability of receiving PRS in RRC_INACTIVE should be reported to the gNB.
Proposal 6: Support indication of PRS processing window to the UE for PRS measurement in RRC_INACTIVE, and the period of the PRS processing window is aligned with the RAN paging DRX cycle.
Proposal 7: The followings are supported for UE-initiated on-demand PRS.
Priority order of TRPs and PRS resource sets
· For each positioning frequency layer, UE may suggest a new TRP sequence in the updated assistance data
· For each TRP that has more than one PRS resource sets, UE may suggest a new DL-PRS resource set sequence in the updated assistance data
SCell information
· UE reports the SCell information, similar to the PCell information with or without reception of any initial assistance data
Parameters that are optional without a default value, including Rel-17 new parameters
· This means that UE would request the parameter to be provided if not in the initial assistance data or without any initial assistance data, instead of being a specific value
Proposal 8: Support the following parameter request granularity and value range for UE initiated on-demand PRS.
	Parameter
	Request granularity
	Value range

	NR-DL-PRS-Periodicity
	Per FR
	All candidate values in LPP

	dl-PRS-ResourceBandwidth
	Per UE
	{5MHz, 20MHz, 50MHz, 100MHz, 200MHz, 400MHz}
Note: In Rel-17, 200MHz and 400MHz only applies to FR2.

	DL-PRS-QCL-Info
	Per FR
	{Requested}

	startTimeOfDLPRS
	Per UE
	SFN of the PCell

	endTimeOfDLPRS
	Per UE
	SFN of the PCell

	dl-PRS-ResourceRepetitionFactor
	Per UE
	All candidate values in LPP

	dl-PRS-NumSymbols
	Per UE
	All candicate values in LPP

	dl-PRS-CombSizeN
	Per UE
	All candidate values in LPP

	dl-PRS-NumPosFreqLayers
	Per FR
	{1,2,3,4}


Proposal 9: For LMF initiated on-demand PRS, the parameter list offered by RAN1 should be further checked by RAN3, and decided by RAN3.
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