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Introduction
During the previous RAN2#115-e meeting [1], the following agreements were made to further progress on RRC_INACTIVE positioning:

	Agreements:
LPP PDU and LCS message transfer:
Proposal 1:	The LPP PDU Transfer Procedure in Annex A is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of the SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
Proposal 2:	The LCS Message Transfer Procedure in Annex B is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of the SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
Proposal 3:	UL LPP message segmentation can also be used by the UE in RRC_INACTIVE state; i.e., a LPP message body can be sent in several shorter LPP messages instead of one long LPP message by using the SDT "Subsequent Data Transmission" phase.  FFS spec impact.
DL and RAT-independent positioning:
Proposal 4:	The Deferred 5GC-MT-LR Procedure with SDT for DL-only and RAT-independent positioning in Annex C is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
· NOTE 3:	Once the procedure is stable from RAN2 perspective, send an LS to SA2 including the baseline procedure.
Agreements:
(High priority)Proposal 1: Support all the RAT independent positioning methods in RRC_INACTIVE state.
Agreements:
gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed.



This contribution provides extends 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 
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. 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.
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.
Proposal 1:  RAN2 to support RRC_INACTIVE reporting of RRM measurements along with other DL-based positioning methods.
PRS configuration enhancements
During the [Post115-e][608] email discussion, a few enhancements were summarized in relation to the PRS configuration during RRC_INACTIVE state operation and the following Options were summarized:
	Question 1-1: As to the options related to PRS configuration enhancement for RRC_INACTIVE, which option(s) do you prefer?
· Option 1: The UE reuses the pre-configuration of PRS received in RRC_CONNECTED and follows its validity criteria.
· Option 2: The LMF configures the UE with available PRS configuration within the RNA.
· Option 3: The LMF configures the UE with PRS configuration intended to be used in RRC_INACTIVE, meanwhile, the configuration should consider the parameters of SDT configuration (e.g. RA-SDT/CG-SDT resources, data volume threshold) possibly configured in UE.
· Option 4: No impact to PRS configuration for RRC_INACTIVE.
· Option 5: Others, please specify.
Summary:
Based on the feedback, a majority of companies (13 in 15) think that the configuration from LMF to UE is independent of the RRC state and has no impact on PRS configuration for RRC_INACTIVE. Therefore, to converge the discussion, it is proposed to agree to the following general principle:
Proposal 1: The PRS configuration from LMF to UE is independent of the RRC state. That is, no impact on PRS configuration for RRC_INACTIVE (13/15).
Furthermore, 9 companies think that the UE may reuse the pre-configuration of PRS received in RRC_CONNECTED and follows its validity criteria. For Fraunhofer’s comments, from the rapporteur’s understanding, the suggested enhancement to introduce a validity area (e.g., a list of cells) for a set of A/D also falls under Option 1. As the definition and the detailed validity criteria of pre-configuration rely on the conclusion of [Post115-e][605], it is proposed to agree on the following working assumption:
Proposal 2: Agree on the following working assumption and revisit it when the definition and validity criteria of pre-configuration are clear:
If the UE has received the pre-configuration of PRS in RRC_CONNECTED, it shall store and reuse that pre-configuration in RRC_INACTIVE and follow its validity criteria, if any (9/15).


On Option 1, we are of the view that the validity of the stored DL-PRS configuration may change or may be invalid, when transitioning from the RRC_CONNECTED to RRC_INACTIVE state depending on certain UE conditions (e.g., type of area, UE mobility). Furthermore, the implicit priority rules related to the measurement of DL-PRS resources as stated in TS38.214 summary may also change. Therefore, it should be possible to update the DL-PRS configuration, e.g., using on-demand DL-PRS mechanism and/or utilise the (pre-) configured assistance data based on the associated validity criteria. It should be possible for an LMF to provide on-demand PRS in RRC_INACTIVE state, at least in the case of LMF-initiated on-demand DL-PRS.
Observation 2: PRS configuration may change or may no longer be valid when transitioning from RRC_CONNECTED to RRC_INACTIVE state depending certain factors such as UE mobility, etc.
Proposal 2: RAN2 to at least consider the support of LMF-initiated on-demand DL-PRS in RRC_INACTIVE state to enable update of the DL-PRS configuration.
Since this discussion on validity conditions, overlaps with similar validity aspects in [Post115-e][605] discussion, it is also suggested to await the outcome before finalizing any related enhancements for the pre-configuration of assistance data in RRC_INACTIVE state. This can also help avoid any duplicated discussions in AI 8.11.2.
Proposal 3: RAN2 to await the outcome of the discussion on DL PRS validity conditions in the parallel AI 8.11.2 before extending it to RRC_INACTIVE positioning.
UE Assistance Information 
The [Post115-e][608] email discussion also touched upon different types of UE assistance information to enhance the positioning reporting configuration given the data volume constraints as well as the lack of awareness by the LMF, when transmitting the positioning report in RRC_INACTIVE state. 
Some of the discussed UE assistance information solutions include the use of PUR configuration request and UE LPP flag indication of more messages on the way. Two options are under consideration: Option 1) UE assistance information is delivered via LPP (transparent to the gNB) or Option 2) via lower layers (non-transparent) to the gNB. We understand that non-transparent solutions at the gNB should await further progress from the SDT WI, since SDT considers multiple use cases in addition to positioning. However, solutions that are on the LPP layer are under scope within this positioning WI.
Observation 3: gNB non-transparent UE assistance information solutions (e.g., via lower layers) for positioning measurement reporting should be await further SDT WI.
Observation 4: gNB transparent UE assistance information solutions (e.g., via LPP) for positioning measurement reporting should be discussed in the Positioning WI.
Since the lower layers are transparent to any information specific to improving the positioning procedures in RRC_INACTIVE state, e.g., using BSR to indicate more data to be transmitted, there could be benefits to introducing UE assistance information at the LPP layer to optimize the transmission of the positioning measurement report by the LMF using, e.g., SDT-CG mechanisms. 	
Proposal 4: RAN2 to decide whether UE assistance information for optimized transmission of positioning measurement reports is gNB transparent (e.g., signaled via LPP) or gNB non-transparent (e.g., signaled via lower layer signalling). 
Measurement Report Enhancements in RRC_INACTIVE State
The ProvideLocationInformation LPP message (shown in Figure 1), which includes the measurement reports ( for UE-assisted methods) based on the configured positioning technique or UE’s location estimate (for UE-based methods) can vary in size. In the context of UE-assisted positioning 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 measurements to be reported. 
-- 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 [3]
Observation 5: 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. 
Another issue relating to the LPP segmentation mechanism is that each segment is not self-decodable at the LMF, the LMF would need to wait for all segments (identified via transaction ID and segmentation IDs) before decoding the final overall message as seen in Figure 2:


[bookmark: _Ref85536661]Figure 2: Current LPP Segmentation mechanism [3]
There are few limitations as follows:
· Since each segment cannot be independently self-decodable at the LMF, the LMF would need to wait for the entire measurement report message before processing the entire measurement report, which lacks flexibility and incurs latency. This limits the transmission of small independent segmented measurement reports.
· The LPP message to be transmitted is segmented based on UE implementation and lack of knowledge of the data volume threshold and may not take into account message size supported by the lower layers and the contents of the message including the type positioning methods, e.g., whether to segment based on RAT-dependent or RAT-independent measurements.
· Depending on the UL CG resources and number of segments, the measurement report may not arrive within the configured response time in RRC_INACTIVE state, which is related to the QoS. 
· The transmitted segments cannot be prioritized based on the LMF requests. 
Observation 6: Current LPP segmentation has a few drawbacks in terms of how the messages are segmented and may not always align with supported lower layer message sizes. 
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, QoS rules which is inline with the configuration format presented in the ProvideLocationInformation message. Furthermore, the LMF can prioritize how the segments are to be transmitted based on segmentation configuration. 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.
This would also go beyond cross-layer interactions, which are currently handled by UE implementation.
Proposal 5: LMF can configure UE LPP segmentation of the measurement report for large measurement report size into independent, self-decodable segments in RRC_INACTIVE state based on the type of positioning methods, priority of segments, response time, etc. to enable easier handling by lower layers. 
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 6: The LMF reporting intervals in RRC_INACTIVE state are aligned with SDT-CG configuration for low latency delivery of the positioning measurement reports via assistance information between LMF and gNB.
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. Send LS to RAN1. 
Conclusions
The observations can be summarized as follows:
Observation 1: 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: PRS configuration may change or may no longer be valid when transitioning from RRC_CONNECTED to RRC_INACTIVE state depending certain factors such as UE mobility, etc.
Observation 3: gNB non-transparent UE assistance information solutions (e.g., via lower layers) for positioning measurement reporting should be await further SDT WI.
Observation 4: gNB transparent UE assistance information solutions (e.g., via LPP) for positioning measurement reporting should be discussed in the Positioning WI.
Observation 5: 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 6: Current LPP segmentation has a few drawbacks in terms of how the messages are segmented and may not always align with supported lower layer message sizes.
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: RAN2 to at least consider the support of LMF-initiated on-demand DL-PRS in RRC_INACTIVE state to enable update of the DL-PRS configuration.
Proposal 3: RAN2 to await the outcome of the discussion on DL PRS validity conditions in the parallel AI 8.11.2 before extending it to RRC_INACTIVE positioning.
Proposal 4: RAN2 to decide whether UE assistance information for optimized transmission of positioning measurement reports is gNB transparent (e.g., signaled via LPP) or gNB non-transparent (e.g., signaled via lower layer signalling).
Proposal 5: LMF can configure UE LPP segmentation of the measurement report for large measurement report size into independent, self-decodable segments in RRC_INACTIVE state based on the type of positioning methods, priority of segments, response time, etc. to enable easier handling by lower layers. 
Proposal 6: The LMF reporting intervals in RRC_INACTIVE state are aligned with SDT-CG configuration for low latency delivery of the positioning measurement reports via assistance information between LMF and gNB. 
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. Send LS to RAN1.
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