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Introduction
During the previous RAN2#114-e meeting [1], the following agreements were made to progress on this feature:

	Agreements:
Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 
Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:
· If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 
· Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging
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.



This contribution provides a further discussion on some of the open issues to be addressed in the context of RRC_INACTIVE state positioning. 
Positioning Methods and Measurements in RRC_INACTIVE state
NR E-CID and RAT-Independent Methods
UE-assisted DL NR E-CID are also supported to a certain degree since SS-RSRP and SS-RSRQ (RRM) measurements can already be measured in RRC_INACTIVE state. 
Observation 1: UE-assisted DL NR E-CID measurements are supported in RRC_INACTIVE state at least in the case of SS-RSRP and SS-RSRQ measurements.
The remaining issue is to support the transmission of RRM measurements, while in RRC_INACTIVE state, which can be discussed along with measurement reporting of other DL-based positioning methods, e.g. using the SDT mechanism.
Proposal 1:  RAN2 to support RRC_INACTIVE reporting of RRM measurements along with other DL-based positioning methods.
RAT-independent positioning methods can follow on from the discussion of supporting RAT-dependent positioning methods. In the case of RAT-independent positioning methods, A-GNSS, Motion Sensor, WLAN and TBS are supported for both UE-based and UE-assisted operations and such support should also be extended to positioning in RRC_INACTIVE state. In addition, UE-assisted Bluetooth positioning can also be supported in RRC_INACTIVE state. 
Proposal 2: Support the following the RAT-independent UE-assisted and UE-based positioning methods in RRC_INACTIVE state:  A-GNSS, Motion Sensor, WLAN, TBS and Bluetooth (UE-assisted).
Support of enhanced LPP Procedures in RRC_INACTIVE State
SDT and Measurement/Location estimate response
A partial set of LPP procedures are already supported in RRC_INACTIVE state to enable the configuration and appropriate location measurement or location estimate request to a certain degree: 
· RequestLocationInformation message received in RRC_CONNECTED state, which may be valid once the UE switches to RRC_INACTIVE state. 
· Broadcast and On-demand SI request for a posSIB is supported for RRC_INACTIVE state.
The remaining component is ProvideLocationInformation LPP message (shown in Figure 1), can include the UE transmission of measurement reports (UE-assisted methods) based on the configured positioning technique or UE’s location estimate (UE-based methods). It can be observed that the measurement report can be quite large (approximately > 1000 bits) depending on the number of RAT-dependent/RAT-independent positioning techniques to be provided and which measurements are configured. 
-- ASN1START

ProvideLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideLocationInformation-r9	ProvideLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,
	otdoa-ProvideLocationInformation	OTDOA-ProvideLocationInformation	OPTIONAL,
	ecid-ProvideLocationInformation		ECID-ProvideLocationInformation		OPTIONAL,
	epdu-ProvideLocationInformation		EPDU-Sequence						OPTIONAL,
	...,
	[[
	sensor-ProvideLocationInformation-r13
										Sensor-ProvideLocationInformation-r13
																			OPTIONAL,
	tbs-ProvideLocationInformation-r13	TBS-ProvideLocationInformation-r13	OPTIONAL,
	wlan-ProvideLocationInformation-r13	WLAN-ProvideLocationInformation-r13	OPTIONAL,
	bt-ProvideLocationInformation-r13	BT-ProvideLocationInformation-r13	OPTIONAL
	]],
	[[	nr-ECID-ProvideLocationInformation-r16
									NR-ECID-ProvideLocationInformation-r16		OPTIONAL,
		nr-Multi-RTT-ProvideLocationInformation-r16
									NR-Multi-RTT-ProvideLocationInformation-r16 OPTIONAL,
		nr-DL-AoD-ProvideLocationInformation-r16	
									NR-DL-AoD-ProvideLocationInformation-r16	OPTIONAL,
		nr-DL-TDOA-ProvideLocationInformation-r16
									NR-DL-TDOA-ProvideLocationInformation-r16	OPTIONAL
	]]
}

-- ASN1STOP
[bookmark: _Ref68106712]Figure 1: ProvideLocationInformation Message [2]
Observation 2: In certain cases, the configured measurement report to the network may exceed the data volume threshold to support SDT RACH-based or CG-based transmissions in RRC_INACTIVE state.
A key issue is the size limitation (data volume threshold) of the SDT UL transmission for both RA-SDT and CG-SDT in relation to the size of the positioning measurement reports normally transmitted in RRC_CONNECTED state. The current criteria for enabling SDT includes the data volume threshold and measured RSRP.
To overcome this issue and provide flexibility for UE transmission of the measurement report in RRC_INACTIVE state, the LMF can configure the UE with segmentation of the measurement report to enable splitting of the measurement report into manageable segments that actually fulfill the data volume threshold for the UL grant for an SDT transmission using SRB2. The LMF would need to understand if the UE can support LPP segmentation in RRC_INACTIVE state.
The measurement report segments are to be self-decodable at the LMF, while fulfilling the size requirements of the RA-SDT or CG-SDT UL transmissions.  The segmentation criteria can for example, depend on the type of configured positioning techniques, e.g., RAT-dependent or RAT-independent positioning techniques required by the LMF in RRC_INACTIVE state, which is in line with the configuration format presented in the ProvideLocationInformation message. Since the segmentation is handled in LPP, this can enable transparency of the message sizes in the lower layers and thus requiring no positioning-specific changes in the lower layers.
Proposal 3: LMF can configure UE segmentation of the measurement report for large measurement report size exceeding the data volume threshold size to support SDT transmissions in RRC_INACTIVE state based on a set of criteria. FFS threshold and segmentation criteria for the measurement report and whether to capture in Stage 2 specifications. This can also be applicable to other UL LCS messages.
In the case of CG-SDT the reporting periodicity should be matched/aligned with LMF periodicity. A key motivation is to increase time granularity in the current reportingInterval IE for periodical reporting, which currently supports periodic intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, which is comparatively much more when considering the ms periodical granularities anticipated for CG-SDT. This will allow the gNB and LMF to align on the reporting periodicities.
Proposal 4: The LMF reporting intervals in RRC_INACTIVE state are aligned with the CG SDT configuration for low latency delivery of the positioning measurement reports.
Low Latency posSIB Updates
Currently, a UE/group of UEs performing positioning may receive the DL-PRS configuration via posSIBs in the RRC_IDLE/RRC_INACTIVE state. The current value tag indicating posSIB change is limited in its capability of updating the UE if the posSIB changes too frequently.  In addition, there is a higher-layer delay in terms of the delay in notifying the UE of a posSIB change.
The IE AssistanceDataSIBelement is used in the IE SystemInformationBlockPos as specified in TS 36.331 and IE SIBpos as specified in TS 38.331.
-- ASN1START

AssistanceDataSIBelement-r15 ::= SEQUENCE {
	valueTag-r15						INTEGER (0..63)								OPTIONAL,
	expirationTime-r15					UTCTime										OPTIONAL,
	cipheringKeyData-r15				CipheringKeyData-r15 						OPTIONAL,
	segmentationInfo-r15				SegmentationInfo-r15						OPTIONAL,
[bookmark: _Hlk506164787]	assistanceDataElement-r15			OCTET STRING,
	...
}

CipheringKeyData-r15 ::= SEQUENCE {
	cipherSetID-r15 					INTEGER (0..65535),
	d0-r15 								BIT STRING (SIZE (1..128)),
	...
}

SegmentationInfo-r15 ::= SEQUENCE {
	segmentationOption-r15				ENUMERATED {pseudo-seg, octet-string-seg},
	assistanceDataSegmentType-r15		ENUMERATED {notLastSegment, lastSegment},
	assistanceDataSegmentNumber-r15		INTEGER (0..63),
	...
}

-- ASN1STOP
	AssistanceDataSIBelement field descriptions

	valueTag
This field is used to indicate to the target device any changes in the broadcast assistance data content. The valueTag is incremented by one, by the location server, every time a modified assistance data content is provided. This field is not included if the broadcast assistance data changes too frequently. If valueTag and expirationTime are absent, the UE assumes that the broadcast assistance data content changes at every broadcast interval.


Observation 3: Value Tag is not included if posSIB changes too frequently and thus the UE cannot keep up with the frequent posSIB changes.
The UE may also acquire low latency posSIB updates by monitoring the paging DCI, e.g. using the Short Message field received from the gNB. To enable this, the gNB directly informs the UE using a Paging DCI if there is an update/change made to the posSIB(s) as opposed to only monitoring the valueTag field in the posSIB. Also, the gNB can indicate if the existing scheduling for such a posSIB remains valid or if the same has also been modified (based on signalling exchanges with the LMF using NRPPa). The use of the paging DCI can be useful if the posSIB changes too frequently and if a change can be detected in a low latency manner in the lower layers when compared to the existing procedure.
Proposal 5: RAN2 to consider updating the UE of a change in the posSIB via a paging DCI in cases where the posSIB changes too frequently or the low latency notification of a posSIB change. 
Cell reselection criteria based on positioning support
In order to enable a UE to reselect a cell that supports a connection to the LMF, it would be beneficial for the UE to reselect a cell supports a valid connection to an LMF. The current cell reselection criteria for a UE is as follows: The candidate cell identified for re-selection as the highest ranked cell based on the cell reselection criteria in [TS 38.304, Sec 5.2.4.5] shall additionally validate the status of the cell according to following existing fields in the MIB and SIB1 messages [TS 38.304, Sec 5.3.1]:
· cellBarred (IE type: "barred" or "not barred") 
· Indicated in MIB message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is common for all PLMNs and NPNs
· cellReservedForOperatorUse (IE type: "reserved" or "not reserved") 
· Indicated in SIB1 message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is specified per PLMN or per SNPN.
· cellReservedForOtherUse (IE type: "true") 
· Indicated in SIB1 message. In case of multiple PLMNs indicated in SIB1, this field is common for all PLMNs.
· cellReservedForFutureUse (IE type: "true") 
· Indicated in SIB1 message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is common for all PLMNs and NPNs

An additional positioning support indication can be defined in order to indicate to the UE if a cell supports/does not support a valid LMF connection:
· positioningSupport (value "true") 
This could be contained in a SIB1 message. This is useful, for a UE performing RRC_INACTIVE positioning in order to reselect to a cell based on the following conditions:
· The candidate cell(s) for reselection may not have a termination to an AMF that can forward the UE’s positioning measurement report to the serving LMF, which was previously based on a measurement configuration received during the previous RRC_CONNECTED state. As a result, in the event that the UE transitions to the RRC_CONNECTED state, the UE will be unable to report the positioning measurements to the previous serving LMF.
· The candidate cell(s) for reselection may not support an NRPPa interface and connection to an LMF. 
Proposal 6: Support new additional positioning-specific cell reselection indication for UEs performing RRC_INACTIVE positioning. 
Capability Aspects
The positioning capabilities may be distinguished among UEs supporting RRC_CONNECTED positioning and/or RRC_INACTIVE positioning and thus a differentiation should be also be made in the capability indication between UEs supporting the two types of positioning capabilities. For example, a high-end positioning capable UE with relaxed energy requirements may perform most positioning procedures in RRC_CONNECTED state while a lower end/reduced capability UE may be designed to exploit positioning procedures while operating in RRC_INACTIVE state.
Proposal 7: RAN2 to confirm if the capability information among UEs performing RRC_CONNECTED or RRC_INACTIVE positioning will be different and whether special RRC_INACTIVE capability is necessary.
Conclusions
The observations can be summarized as follows:
Observation 1: UE-assisted DL NR E-CID measurements are supported in RRC_INACTIVE state at least in the case of SS-RSRP and SS-RSRQ measurements.
Observation 2: In certain cases, the configured measurement report to the network may exceed the data volume threshold to support SDT RACH-based or CG-based transmissions in RRC_INACTIVE state.
Observation 3: Value Tag is not included if posSIB changes too frequently and thus the UE cannot keep up with the changes.
The following proposals are presented in relation to RRC_INACTIVE positioning:
Proposal 1:  RAN2 to support RRC_INACTIVE reporting of RRM measurements along with other DL-based positioning methods.
Proposal 2: Support the following the RAT-independent UE-assisted and UE-based positioning methods in RRC_INACTIVE state:  A-GNSS, Motion Sensor, WLAN, TBS and Bluetooth (UE-assisted).
Proposal 3: LMF can configure UE segmentation of the measurement report for large measurement report size exceeding the data volume threshold size to support SDT transmissions in RRC_INACTIVE state based on a set of criteria. FFS threshold and segmentation criteria for the measurement report and whether to capture these aspects in Stage 2 specifications. This can also be applicable to other UL LCS messages.
Proposal 4: The LMF reporting intervals in RRC_INACTIVE state are aligned with the CG SDT configuration for low latency delivery of the positioning measurement reports.
Proposal 5: RAN2 to consider updating the UE of a change in the posSIB via a paging DCI in cases where the posSIB changes too frequently or the low latency notification of a posSIB change. 
Proposal 6: Support new additional positioning-specific cell reselection indication for UEs performing RRC_INACTIVE positioning. 
Proposal 7: RAN2 to confirm if the capability information among UEs performing RRC_CONNECTED or RRC_INACTIVE positioning will be different and whether special RRC_INACTIVE capability indication is necessary.
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