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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]During RAN2#113-e[1], the following agreement has been made regarding positioning in IDLE/INACTIVE: 
	Agreements:
Proposal 1a: RAN2 confirms on the following recommendation of TSG RAN (17/17)
	Positioning in RRC_INACTIVE
	DL, UL and DL+UL positioning methods 
	UE-based and UE-assisted positioning solutions
	Support of UE positioning measurements for UEs in RRC_INACTIVE state
	Options that can be considered include DL-PRS or DL-PRS and SSB
	Support of gNB positioning measurements for UEs in RRC_INACTIVE state
Proposal 1b: RAN2 confirms on the following (17/17)
	Positioning in RRC_IDLE
	It is feasible for a UE to perform DL positioning measurement in RRC_IDLE state
	It is up to RAN2 to decide whether to support the enhancements of NR positioning reporting of DL positioning measurements and/or positioning estimates for RRC_IDLE UEs.
Proposal2: RAN2 recommends the following for normative work for DL positioning
	The report of PRS measurement performed in RRC_IDLE/INACTIVE when the UE is in RRC_INACTIVE is supported (10/12)
	PRS measurement report and/or location estimate are sent from the UE to the gNB in RRC_INACTIVE.  RAN2 generally agree to do this by enhancing small data transmission in RRC_INACTIVE (details of the use of SDT to be studied in the WI phase) (15/16)
Proposal4: For DL positioning in IDLE/INACTIVE, the followings are already supported for the current spec and can be reused:
	Current stage3 spec has already supported assistance data delivery for DL positioning during RRC_CONNECTED and on-demand SI request in RRC_IDLE/ INACITVE for IDLE/INACTIVE positioning. (14/14)
	Current stage3 spec already supports the transfer of RequestLocationInformation in RRC_CONNECTED for PRS measurement in IDLE/INACTIVE. (14/14)
Proposal5: Support RAT-Independent positioning in RRC_IDLE/INACTIVE. FFS the procedures that can be supported. (13/14)


At the RAN#91e meeting, the study item on NR Positioning Enhancements RP-210903[2] was approved. From RAN2’s perspective, the SI includes the following objective:
	· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state


In this contribution, we will discuss some issues on inactive positioning from the perspective of RAN2.
2. DL positioning in RRC_INACTIVE state
2.1. PRS configuration in RRC_INACTIVE state
In RAN2#meeting 113e, it was concluded that PRS configuration in inactive state can be delivered to the UE by two ways: posSIB and LPP message in connected state. For the latter case, the UE can obtain UE-specific PRS configuration. However, due to the mobility of the UE in inactive state, the part or all of the PRS configuration may become invalid. For instance, when the UE moves out of a certain area, some previous PRS configurations may no longer be applicable, such as priority indication of TRPs, expected-RSTD, etc. The priority of the TRP below may be related to the location of the UE. For example, in order to ensure positioning accuracy, some TRPs around the cell where the UE is located can be indicated as high priority. However, as the UE moves in inactive state, the TRP with the previous high priority may be far away from the UE, but the TRP currently around the UE is indicated with a low priority. If the UE continues to use the previous priority rules for measurement and reporting, the positioning accuracy may be affected. Therefore, the validity criteria for PRS configuration in inactive delivered by LPP message in connected state should be considered.
	TS38.214 [2]
Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 dl-PRS-IDs of the frequency layer are sorted according to priority;
-	Up to 2 DL PRS resource sets per dl-PRS-ID of the frequency layer are sorted according to priority.


Proposal 1: Support to introduce validity criteria for PRS configuration in inactive state delivered by LPP message in connected state.
In real deployment, the PRS can be considered as a cell-level or regional-level public signal. For UEs in connected state and UEs in inactive state, they can share the same PRS in the same area. For example, the LMF can select the PRS resources, configured for quite a large number of connected UEs, to be shared to inactive UEs. Furthermore, in Rel-17, LMF Initiated on-demand control of DL-PRS transmission is recommended for normative work. According to some UEs’ demand or LMF’s own demand, the LMF can adjust the configuration of PRS, e.g., request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. In a simplest case, PRS transmission can be ‘turned off’ when not needed and turned on when needed according some default set of PRS configuration parameters. However, ‘turning on/off’ some set of PRS configuration affect the PRS reception in the inactive state. For instance, one UE may obtain assistance data for DL positioning during RRC_CONNECTED state, and then it enters RRC_INACTIVE state. To perform positioning measurement, the UE will "wake up" at the periodical time window configured for the PRS to search and monitor the PRS. Subsequently, the LMF ‘turn off the set of PRS configuration on demand. Once the inactive UE is not notified in time, it still "wake up" at the pre-configured periodical time window to search and monitor, which will lead to wasteful power consumption. Therefore, it is proposed to inform the inactive UEs the minor change of PRS configuration for on-demand control without entering connected state, when the size of this information is small, e.g., ‘turn on/off’ some set of PRS configuration. A simple way to inform inactive UEs the change of PRS configuration is via paging message.
Proposal 2: Support to inform the inactive UEs the minor change of PRS configuration without entering connected state.
· e.g., minor change of PRS configuration for on-demand control, such as ‘turn on/off’ some set of PRS configuration.
2.2. Positioning report in RRC_INACTIVE state
2.2.1. Positioning report size compression
To reduce resource overhead and improve latency performance for some applications involving relatively infrequent exchange of small amounts of UL data (e.g., one uplink packet), the UE is allowed to transmit UL small data in idle or inactive state. In LTE, for EDT, only data size less than 1000 bits can be delivered using EDT, otherwise the connected mode procedure is used. 
EDT-TBS-NB-r15 ::=	SEQUENCE {
	edt-SmallTBS-Enabled-r15		BOOLEAN,
	edt-TBS-r15						ENUMERATED {b328, b408, b504, b584, b680, b808, b936, b1000}
}

	edt-TBS
Largest TBS for Msg3 for a NPRACH resource applicable to a UE performing EDT. Value in bits. Value b328 corresponds to 328 bits, value b408 corresponds to 408 bits and so on. See TS 36.213 [23].


In NR, data volume threshold is used for the UE to decide whether to do SDT or not. Only if the data size is small enough, it makes sense to transmit in inactive state. In last RAN2 meeting, it was agreed that positioning report in inactive state is supported by enhancing small data transmission. Therefore, the data size for positioning report in inactive state also needs to meet the requirements of small data transmission.
Positioning report in inactive state may include positioning measurement or location estimate. For positioning measurements results, it would not be categorized as small data. For example, according to the structure of DL-TDOA measurement as below, if we only consider 3 TRPs’ measurements to be report, the bit size would be more than 1000 bits. Furthermore, if we include all the TRP measurement results, after rough calculation, the size of data for positioning report will even reach the order of 100,000 bits, which is far from acceptable. From the table below, it can be seen that the size of the measurement result depends on the number of neighboring cells and the report format.
-- ASN1START

NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
[bookmark: _Hlk30954207]	dl-PRS-ReferenceInfo-r16		DL-PRS-ID-Info-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...
}

NR-DL-TDOA-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-DL-TDOA-MeasElement-r16

NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...
}

NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
													NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-DL-TDOA-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-ResultDiff-r16			CHOICE {
			k0-r16						INTEGER (0..8191),
			k1-r16						INTEGER (0..4095),
			k2-r16						INTEGER (0..2047),
			k3-r16						INTEGER (0..1023),
			k4-r16						INTEGER (0..511),
			k5-r16						INTEGER (0..255),
			...
	},
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-ResultDiff-r16	INTEGER (0..61)									OPTIONAL,
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
...
}

-- ASN1STOP

Therefore, how to optimize the data size of positioning report especially for positioning measurements in inactive state but not to reduce the positioning performance too much should be considered by RAN2. 
Proposal 3: The data size optimization of positioning report especially for positioning measurements in inactive state should be considered by RAN2. 
We think positioning report in inactive is more beneficial for deferred MT-LR location requests for periodic and triggered location events. Because in this case, the UE can complete all the scheduling processes in the connected state, including: the interaction of positioning service requests, the interaction of LPP capability information, the interaction of LPP assistant data information, or receiving the LPP location request, etc. After the UE enters the inactive state, it only needs to measure the PRS, perform positioning report and optionally receive posSIB. For instance, when the periodic or the triggered location event occurs, the UE report positioning measurement or location estimates to the network. For deferred report in inactive state, one way to optimize the data size is to perform differential report by the UE. Differential report can represent the change/difference of the latter report compared to the previous report in 2 adjacent reports. For instance, if the difference between the two measurement results is less than a certain threshold, the UE reports a small number of bits (e.g., 1 bit) to indicate that the measurement result is almost unchanged; if the difference between the two measurement results exceeds a certain threshold, the UE reports the differential measurement result. This method may be meaningful for inactive UEs, since inactive UEs may have lower mobility, and the PRS measurement results (e.g., first path in DL-TDOA) between the 2 adjacent reports may not change much. 
Proposal 4: Support to enable differential report to optimize data size in inactive state for deferred MT-LR location requests for periodic and triggered location events.
In addition, as mentioned earlier, the size of the measurement result is related to the number of neighboring cells, so if we limit the number of neighboring cells in the measurement result, the size of the measurement result can be greatly reduced. For instance, the UE may be configured with multiple TRPs, but it is no needs to measure all TRPs, since measurements from several TRPs around the UE are enough to obtain the location. In addition, considering the LMF may obtain the approximate location of the UE according to the primary cell ID reported by the UE, it may roughly determine the TRPs around the UE, and then configure the UE to measure PRS resources from these TRPs. Therefore, these TRPs can be indicated with higher priority and the UE should measure PRS resources from these TRPs and optionally measure PRS resources from other TRPs. Besides that, the priority rules can also be used for PRS measurements from multiple frequency layers, multiple resource sets or multiple resources within a TRP. When the UE is UE needs to report the measurement results, the UE can only include the measurement results of TRPs/PRSs with a priority higher than a certain threshold in the report. 
Proposal 5: To optimize data size of positioning report in inactive state, support the UE to include the measurement results of TRPs/PRSs with a priority higher than a certain threshold in positioning report.
Moreover, since the size of the positioning measurement may be larger than the general SDT, it can be considered to allocate dedicated/separate RACH resource (e.g., RO+preamble combination) for the positioning report to distinguish it from the general SDT. Then the network can allocate suitable uplink resources for positioning data transmission in inactive state. In addition, if the RACH resource i.e. (RO+preamble combination) is different between positioning report and general SDT then there is no further need for any differentiation between MSG2/MSGB for positioning report vs general SDT. However, if the RACH resource between the positioning report and general SDT is not distinguished, the multiplexing issues for positioning report and general SDT should be considered in RACH procedure.
Proposal 6: Dedicated RACH resource for positioning report in inactive state can be considered.
2.2.2. Positioning report procedure
As in TS38.305, the LPP PDU is carried in NAS PDU between the AMF and the UE. When the UE want to perform positioning reporting, it can include the LPP PDU in the payload container of an UL NAS Transport message and send the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message. Then the NG-RAN node forwards the UL NAS Transport Message to the AMF in an NGAP Uplink NAS Transport message. SDT WI [2] has discussed to transmit RRC messages and to encapsulate NAS messages in SRB2 in RRC_INACTIVE state by configuring of SRB1 and SRB2 for small data transmission. In this way, UEs are able to send positioning message by RRC message when UE is in RRC_INACTIVE state.
Currently when the UE moves to INACTIVE state, the following are performed: 
a) MAC is reset and default MAC cell group configuration is released
b) RLC entities for SRB1 are reestablished
c) All SRBs and DRBs are suspended, except SRB0
So, when the UE is in connection state, the network can first configure the UE with the information of SRB1 and SRB2 resuming used for inactive state, so that when the UE moves to inactive state, it can directly use them if needed. Therefore, if the UE want to transmit positioning report in inactive state, it can re-establish the PDCP entities and resume the SRB2 configured for the positioning report, or directly piggyback the positioning report over SRB0. In other words, CP-SDT can be enabled to support positioning report over SRB2 or SRB0.
Proposal 7: If the UE want to transmit positioning report in inactive state, it can re-establish the PDCP entities and resume the SRB2 configured for the positioning report, or directly piggyback the positioning report over SRB0.



Figure 1: Low Power Periodic and Triggered 5GC-MT-LR Procedure with NAS CPSR procedure [3]
In addition, we can reuse the NAS CPSR (Control Plane Service Request) message for positioning report transmission, as in low power periodic and triggered 5GC-MT-LR procedure in TS23.273 [3] shown in Figure1. As in the step 3, if the UE and NG-RAN node both support EDT, the UE sends an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request. The NAS control plane service request includes an event report message which includes the information of the type of event being reported and any location measurements or location estimate obtained by the UE. The control plane service request also includes the deferred routing identifier r. The UE also includes a NAS Release Assistance Indication (NAS RAI) in the NAS message which indicates a single response is expected. Therefore, similarly, for the UE and NG-RAN node both support SDT, UE NAS CPSR can be used for positioning report transmission in inactive state.
Proposal 8: UE NAS CPSR (Control Plane Service Request) can be used for positioning report transmission in RRC_INACTIVE state.
2.2.3. Ciphering and integrity protection support
One of the issues for SDT support positioning in inactive state is ciphering and integrity protection. For positioning report carried in SRB2, it can be ciphered and integrity protected by NAS security and/or AS security. While for positioning report carried in SRB0, it can only be ciphered and integrity protected by NAS security. For AS security, the keys for ciphering and integrity protection are derived using the NextHopChainingCount provided in the RRCRelease message of the previous RRC connection. For NAS security, the keys for ciphering and integrity protection can be storing according to previous NAS connection. 
Proposal 9: Positioning reporting message can be ciphered and integrity protected by NAS security and/or AS security.
· For positioning report over SRB2, both NAS security and AS security process can be used.   
· For positioning report over SRB0, NAS security process can be used.
3. Conclusion
Based on the discussion, we propose the following:

Proposal 1: Support to introduce validity criteria for PRS configuration in inactive state delivered by LPP message in connected state.
Proposal 2: Support to inform the inactive UEs the minor change of PRS configuration without entering connected state.
e.g., minor change of PRS configuration for on-demand control, such as ‘turn on/off’ some set of PRS configuration.
Proposal 3: The data size optimization of positioning report especially for positioning measurements in inactive state should be considered by RAN2.
Proposal 4: Support to enable differential report to optimize data size in inactive state for deferred MT-LR location requests for periodic and triggered location events.
Proposal 5: To optimize data size of positioning report in inactive state, support the UE to include the measurement results of TRPs/PRSs with a priority higher than a certain threshold in positioning report.
Proposal 6: Dedicated RACH resource for positioning report in inactive state can be considered.
Proposal 7: If the UE want to transmit positioning report in inactive state, it can re-establish the PDCP entities and resume the SRB2 configured for the positioning report, or directly piggyback the positioning report over SRB0.
Proposal 8: UE NAS CPSR (Control Plane Service Request) can be used for positioning report transmission in RRC_INACTIVE state.
Proposal 9: Positioning reporting message can be ciphered and integrity protected by NAS security and/or AS security.
For positioning report over SRB2, both NAS security and AS security process can be used.   
For positioning report over SRB0, NAS security process can be used.
4. Reference
[1]. RAN2-113-e-Positioning-Relay-2021-02-04-0630
[2]. 38.214,”Physical layer procedures for data”,v16.5.0,2021-3
[3]. RP-210903-(rev.fr.RP-210897)-clean
[4]. RP-201305, Work Item on NR smalldata transmissions in INACTIVE state
image1.emf
UE NG-RAN AMF LMF V-GMLC H-GMLC UDM

External 

Client

13. Determine 

UE Location

NEF AF

1. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in Clause 6.3.1 Steps 1-23

2. Determine 

Reporting Mode

4. N2 Initial UE Message (NAS CPSR (Event Report))

5. Namf_Communication_N1MessageNotify (Event Report) 

9. Namf_Communication_N1N2MessageTransfer (Event Report Ack)

10. N2 Downlink NAS Transport (DL NAS TRANSPORT (Event Report Ack))

14. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in Clause 6.3.1 Steps 28-31

3. RRC Early Data Request 

or RRC Connection 

Establishment (NAS CPSR 

(Event Report))

12. RRC Release

11. RRC DL Information Transfer (DL NAS TRANSPORT (Event Report Ack))

6. N2 Downlink NAS Transport (NAS SA)

7. RRC Connection 

Establishment

8. RRC DL Information Transfer (NAS SA)


Microsoft_Visio_2003-2010_Drawing.vsd
UE


NG-RAN


AMF


LMF


V-GMLC


H-GMLC


UDM


External Client


1. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in Clause 6.3.1 Steps 1-23


2. Determine Reporting Mode


4. N2 Initial UE Message (NAS CPSR (Event Report))


5. Namf_Communication_N1MessageNotify (Event Report) 


9. Namf_Communication_N1N2MessageTransfer (Event Report Ack)


10. N2 Downlink NAS Transport (DL NAS TRANSPORT (Event Report Ack))


14. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in Clause 6.3.1 Steps 28-31


12. RRC Release


13. Determine UE Location


3. RRC Early Data Request or RRC Connection Establishment (NAS CPSR (Event Report))


NEF


AF


11. RRC DL Information Transfer (DL NAS TRANSPORT (Event Report Ack))


6. N2 Downlink NAS Transport (NAS SA)


7. RRC Connection Establishment


8. RRC DL Information Transfer (NAS SA)



