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1	Introduction
In last meeting, RAN2 decided to focus the study in three areas: On demand PRS, latency and Idle/Inactive Positioning. The paper discusses idle/Inactive Mode positioning and on demand PRS aspects.

[bookmark: _Ref178064866]2	Discussions
2.1	SDT Framework for Positioning
We see several concerns of using SDT framework. The concerns are listed below
2.1.1	Lack of SDT Support for Control Plane Solution
The scope of Rel-17 WI for SDT does not include CP Solution. Only UP Solution is in the scope. LPP is transported over NAS and hence CP based signalling is required. In such case, it is not possible to use the SDT framework.
2.1.2	Lack of Integrity Protection Support in EDT Control Plane Solution
In LTE, CP Solution for early data transmission do not provide Integrity protection. Only for UP solution it is possible. Positioning measurement report is sensitive information where without IP it should not be delivered. Integrity Protection is a means to allow the receiver to ensure that the sender is indeed who the receiver thinks the sender is. For example, to avoid that another entity has inserted packets in the data flow. RAN2 would have to consult SA3 and solution with IP should be provided for CP solution to deliver sensitive information.
For NB-IOT Rel-16 SON/ANR feature, RAN2 agreed not to support ANR reporting for CP solution because of lack of IP solution. From TS 36.300
The purpose of SON/ANR reporting in NB-IoT is network optimisation. The measurements are performed when the UE is in RRC_IDLE and reported next time the UE enters RRC_CONNECTED. ANR measurement reporting is not supported when the UE uses the Control Plane CIoT EPS Optimisation.
2.1.3	SDT (Small Data) Positioning (Large Data)
SDT framework is for providing data which is meant to be small. Positioning measurements results would not be categorized as small data. For example; below structure considering only 3 TRPs in different cells, including additional path would be more than 1000 bits.

-- 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

In LTE, for early EDT, only data less than 1000 bits is delivered using SDT else connected mode procedure is used.
2.1.4	Architecture Discussion
If companies insist in using SDT framework, alternate would be to use UP SDT framework. As the data is already available in UPF; UPF may deliver it to LMF. However, this would require a significant change in architecture and SA2 needs to study this option.

[bookmark: _Toc61562228]There are several issues for SDT CP solution. Lack of CP solution, Integrity protection, measurement report size for positioning to fit in SDT. Further alternate to CP SDT framework; i.e using UP SDT should be studied by SA2.

[bookmark: _Toc61562232]RAN2 to agree that SDT Framework using CP solution cannot be used for Positioning.
2.2	UL Positioning
RSTD measurements have been defined for Idle mode in LTE for NB-IOT UEs. This is mainly for power saving purposes. It needs to be discussed whether there is benefit of supporting RSTD measurements in idle mode for NR where the use case is not to serve power limited devices. However, there are benefits that UE which are able to perform positioning using UE based can compute location without LPP transaction; i.e If the AD is being provided by means of broadcast, then UE can use the AD to identify the PRS and perform the measurements in inactive mode.
However, in order to wider support; also, to support UE-Assisted case; it should also be studied as how UE would report it’s RSTD measurements to NW. As such MO-LR procedure should be used for this.
[bookmark: _Toc61562229]There may be benefit by defining RSTD measurements in Inactive mode. RAN1 should define such measurements and RAN2 should further study and consult with SA2 on measurement reporting from UE for the measurements performed in Inactive mode.
[bookmark: _Toc61562230]Efficient Positioning measurement reporting from inactive and triggering of inactive to connected mode based on positioning measurement config events would need to be explored further.
[bookmark: _Toc61562233]DL PRS RSTD measurements is supported in Inactive mode.

However, when it comes to UL-SRS, it would be very complex for the UE to transmit UL SRS in idle/inactive. It would be only useful if the UE is semi-stationary or stationary such that it is always served by same cell and in the same radio condition.
As UL-SRS resource require UL cell specific resource (time/freq) and is allocated to a UE; if UE moves out of the serving cell; gNB should be aware so that the resource would be released.  Positioning use case as such involves moving UE, hence UL SRS may not be dynamically allocated/released based upon UE movement. There would be lag with UE context fetch procedure and in the mean while UE may cause interference.
 For this reason, UL-SRS should not be considered for idle/inactive mode positioning. 
[bookmark: _Toc61562231]UL SRS based inactive positioning may only work for short time after UE is released; i.e if the condition remains same. Positioning involves UE on move and hence it would be difficult to provide efficient signalling (pre-configuration before release) to allow UE to continue transmitting SRS in Inactive mode.
[bookmark: _Toc61562234]UL based Inactive Positioning is not supported.

2.2	On Demand PRS

2.2.1	GDOP Report
[2], [3] provides the analysis and result showing how geometry plays important role in positioning performance. The Geometric dilution of Precision (GDOP) is an important attribute that can influence the accuracy of location in positioning methods which use multilateration. It describes error caused by the relative position of the base stations, cells or beams etc. If the base stations (beams/cells) location are too close to each other and not well spread around the UE, the reported RSTD value would suffer from poor GDOP resulting in location estimation with large error. However, if they have certain distance/angular separation between them it can result in good GDOP (multilateration) which can identify the UE location more precisely. In a simple form GDOP can be computed as a ratio of position error to the range error.

Based upon GDOP result and analysis, LMF may decide how whether certain TRPs are contributing to positioning performance or not. Hence, this result can help LMF to filter TRPs for PRS transmission.
For UE based, UE computes the position and positioning error/uncertainties and hence GDOP information is available to UE. UE should share such info to LMF to facilitate in PRS overhead reduction.
[bookmark: _Toc61562235]GDOP result is provided to LMF by UE operating in UE based mode.

2.2.2	UE Based Authorization while in Broadcast mode
Currently LMF provides the authorization whether UE should operate in UE-A or UE-B mode. This sort of authorization should be possible also when AD is being delivered using broadcast. It should be deployment preference to allow UE to operate in certain positioning modes. Depending upon 
· the need to actively obtain the measurement results in order to tune the network resource suitable for the UE based beam transmission.
· to be able to save energy (turn off DL PRS beams that are in NLOS or not contributing to positioning measurements)
· Number of UEs, UE distribution in a local geographical area. For example, if there are few UEs in a cell, the DL-PRS beams may be more aligned for these UEs; i.e there is no need to have a complete beam coverage (360 degrees) all the time. The number of neighbor beams can also be minimized.

NW may authorize that UE in certain geographical area (group of cells) to operate in one of the modes; UE-A or UE-B mode. If NW sets UE-A mode, then the UE-B capable UEs may still compute and consume the positioning while providing the measurement results to the NW for PRS overhead management purpose.
[bookmark: _Toc23594577][bookmark: _Toc61562236]Allow a deployment to specify which positioning mode the UE may operate in via broadcast. 
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	There are several issues for SDT CP solution. Lack of CP solution, Integrity protection, measurement report size for positioning to fit in SDT. Further alternate to CP SDT framework; i.e using UP SDT should be studied by SA2.
Observation 2	There may be benefit by defining RSTD measurements in Inactive mode. RAN1 should define such measurements and RAN2 should further study and consult with SA2 on measurement reporting from UE for the measurements performed in Inactive mode.
Observation 3	Efficient Positioning measurement reporting from inactive and triggering of inactive to connected mode based on positioning measurement config events would need to be explored further.
Observation 4	UL SRS based inactive positioning may only work for short time after UE is released; i.e if the condition remains same. Positioning involves UE on move and hence it would be difficult to provide efficient signalling (pre-configuration before release) to allow UE to continue transmitting SRS in Inactive mode.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree that SDT Framework using CP solution cannot be used for Positioning.
Proposal 2	DL PRS RSTD measurements is supported in Inactive mode.
Proposal 3	UL based Inactive Positioning is not supported.
Proposal 4	GDOP result is provided to LMF by UE operating in UE based mode.
Proposal 5	Allow a deployment to specify which positioning mode the UE may operate in via broadcast.
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