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1	Introduction
As per the WID agreement, one of the agendas that RAN2 should discuss and specify is in the below.
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 

Agreements:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.



RAN2 performed the study and concluded that dynamic PRS configuration is beneficial. In this paper, we discuss how energy efficient DL-PRS transmission should be enabled.
[bookmark: _Ref178064866]2	Discussion
2.1 Reason Based UE-Initiated Request
As DL-PRS is a shared reference signal, it is not intended/designed that UEs located in same geographical area obtains very distinct configuration. Initial estimation from E-CID, NW knows what the best cells/beams are and may slightly tweak the PRS configuration accordingly in LPP dedicated signalling for the UEs located close by; for instance, the assistance data list may comprise cell A, cell B, cell C for UE1 and cell B, cell C, cell A for UE2. UE can perform the measurements in the prioritized order. It should be noted that DL-PRS is also broadcasted, thus a common config should be strived for. Overall, NW should strive to provide optimum configuration which satisfies to meet UE Positioning QoS and at the same time being opportunistic to be energy efficient by identifying the right number of TRPs, Resource sets and resources for DL-PRS transmissions.
If a feature to allow each UE to request a PRS of its liking/preference is enabled, it would bombard the NW with massive signalling. A prohibit timer to prohibit the UE to request rapidly is not the right approach. Instead it is good for the NW to understand why the UE wants a different configuration than the current one. What is the shortcoming of the current configuration that is based upon UE initial report (ECID)?

[bookmark: _Toc71582599]UE provides the reasons as why current configuration is not suitable.
This can be similar to what UE provides the error information for DL-TDOA as shown below.

[bookmark: _Toc67780805][bookmark: _Toc52548715][bookmark: _Toc52548185][bookmark: _Toc52547655][bookmark: _Toc52547125][bookmark: _Toc46486780][bookmark: _Toc37681207][bookmark: _Toc12618295]–	NR-DL-TDOA-TargetDeviceErrorCauses
The IE NR-DL-TDOA-TargetDeviceErrorCauses is used by the target device to provide NR DL-TDOA error reasons to the location server.
-- ASN1START

NR-DL-TDOA-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									assistance-data-missing,
									unableToMeasureAnyTRP,
									attemptedButUnableToMeasureSomeNeighbourTRPs,
									thereWereNotEnoughSignalsReceivedForUeBasedDL-TDOA,
									locationCalculationAssistanceDataMissing,
									...
								},
	...
}

-- ASN1STOP

The same scheme can be followed also for requesting new PRS configuration by UE.
-- ASN1START

NewPRS-ConfigurationRequirementCauses ::= SEQUENCE {
	cause-r17					ENUMERATED {	poor-RSRP,
												nlos-ReferenceTRP,
												nlos-MeasuredTRPs,
												poor-GDOP,
												rangingErrors,
												interference,
												integrityRequirementsNotMet,
												...
											},
	measurementTimestamp		UTC
	...

}

-- ASN1STOP

Further corresponding to the above cause, the UE can also be specific for which TRPs/ResourceSets/Resources were the result poor. Below UE reports the PFL, TRPs, ResourceSet and Resources in descending order of worse contributors for RSRP.
-- ASN1START

PoorRSRP-ContributorPFL-List-r17       ::= SEQUENCE (SIZE(1..4)) OF PoorRSRP-ContributorPFL-r17

PoorRSRP-ContributorPFL-r17  	       ::= SEQUENCE {
 	positioningFrequencyLayerID-r17			INTEGER	(1..4),
	trp-ContributorList-r17						SEQUENCE (SIZE (1..64)) OF TRP-Contributor-r17
}

TRP-Contributor-r17 		           ::= SEQUENCE {
 	trpID-r17									INTEGER	(0..255),
	resourceSetList-r17							SEQUENCE (SIZE (1..2)) OF ResourceSet-Contributor
}

ResourceSet-Contributor				   ::= SEQUENCE {
 	resourceSetID-r17						INTEGER	(0..7),
	resourceList-r17						SEQUENCE (SIZE(1..64)) OF INTEGER (1..64)

}
-- ASN1STOP


2.2 Statistical Analysis and Post-Processing
More importantly to change DL-PRS configuration requires a massive signalling. The UE request in LPP has to be translated into a number of NRPPa requests by LMF towards a number of gNBs. By the time gNB provides a new set of DL-PRS transmission; the UE may already have moved and thus even the new configuration may not be apt. 
AL/ML has evolved rapidly in recent years and SON/MDT teams in RAN2 have been exploiting the capabilities by enabling storage of important attributes and allowing post-processing for tuning and optimizations of NW parameters to provide better service to the UE. This must be used also to optimize PRS transmission. The UE may log its preferred DL PRS configuration at a certain location along with time stamp. Similarly, the UE may also log the worst contributor using the same structure as shown above. NW can use AI/ML and learn what is the optimum configuration at that location to better serve the UEs
An important aspect is that LMF may allow UEs to send request if from UE perspective there is a need to change PRS configuration and if there are only few UEs in a cell which require to be positioned. However, if there are many UEs, the LMF may simply ask the UE to log its preference. Prohibit timer can be used to prohibit, but still from NW perspective, it is good to understand as why UE wants a different configuration.
[bookmark: _Toc71582600]To minimize signalling, NW may indicate that the UE logs its preferred configuration or worst contributor. 
2.3 Subset of NW configuration
It was mentioned that in order to facilitate UE Initiated request, NW can let UE know a subset of configurations which are permitted to be requested to be changed. However, we think this is very much a deployment aspect and not possible that the network pre-defines a certain number of subsets. Moreover, it depends upon dynamic factors such as how many users want to be positioned and where the UEs are located in cell/beams. From NW perspective, it is to seek opportunity to identify the optimum configuration from all the involved TRPs and not limited to few subsets. Limiting it to only few subsets of TRPs/beams etc will deteriorate the NW performance; may not utilize the full capability of the feature. NW may not be able to save energy and UE may also not get the optimum DL-PRS configuration.
Besides, defining pre-configuration based upon QoS parameter may not work as NW would be obliged to transmit the shortest periodicity and largest BW even if there is one UE which has stringent QoS requirements. Rather the focus should be to provide an optimum PRS configuration meeting QoS for all the UE and for this NW needs to learn and adapt.
[bookmark: _Toc71582601]On demand PRS is subject to the complete NW deployment and not limited to few subsets or pre-configured selection.
[bookmark: _Toc71582602]RAN2 to agree the objective of on demand PRS irrespective of UE-initiated or LMF initiated is for the NW to learn and optimize the DL-PRS configuration to serve all the UEs in the NW.
2.4	Energy Savings
Considering a TRP’s transmit power requirement to transmit X number of resource sets and Y number of resources per resource set is Z watts. However, if the TRP is only required to transmit half the resource set and half the resources per resource set; there can be potential energy savings by one fourth (Z/4 watts). It is essential that 3gpp eco-system provides a solution which promotes energy savings.
[bookmark: _Toc71575787]There can be considerable energy transmission saving when the number of resource sets and resources required for DL-PRS transmission is reduced. RAN2 should strive to provide solution which are energy efficient.
[bookmark: _Toc71582603]RAN2 to agree to provide solution which leads to reduction of energy consumption for DL-PRS transmission.

As discussed during study item; PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission to all beam sweeping directions results in an unnecessary transmission of PRSs. Thus, a solution is required to identify a mechanism to optimize the PRS transmission. 
By selecting the optimum number of beams for PRS transmission and by switching off the PRS transmission in a more opportunistic way, it should be possible to be energy efficient. For this to happen, 
· the UE should provide the RSRP result of PRS being transmitted from different beams. 
· LMF should compute the PRS utilization from different beams.
· LMF should provide a list of low utilized or un-utilized beams to gNB to be turned off.
[bookmark: _Toc47645631][bookmark: _Toc54298866]



It is evident that in order to provide energy friendly solutions, UE co-operation would be needed. Basically, to identify which TRPs/beams should be used for PRS transmission and further to determine the usefulness of PRS that is being transmitted, UE feedback is required. 
[bookmark: _Toc71575788]It is critical to have UE feedback on identification of TRPs to be used for DL-PRS transmission and on the usefulness of transmitted PRS.
[bookmark: _Toc71582604]RAN2 to discuss what sort of feedback and how those feedbacks can be provided by UE identifying the needed TRPs/beams for DL-PRS transmission to ensure 3gpp ecosystem provides energy efficient solution.

Further signalling over NRPPa would be required, hence RAN2 should request RAN3 to design NRPPa signalling message from LMF to the gNB in order to send meaningful PRS information, such as e.g. aggregated PRS measurement report. Such report could include the PRS resources and the RSRP measurement information from the best/worst available TRPs/cells on each frequency layer. Once it has received it, the gNB would take this PRS report into account for efficiently activating/deactivating the beams for PRS transmission.
[bookmark: _Toc71582605]RAN2 to send an LS to RAN3 to provide solution/signalling for providing PRS beam utilization in NRPPa to reduce PRS overhead as provided in R2-2105973.

2.5	GDOP Report and LOS/NLOS detection 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 accuracy of position fix to the statistical accuracy of the ranging measurements [3]. 
The
geometric dilution of precision (GDOP) is deﬁned as the ratio
of the accuracy of a position ﬁx to the statistical accuracy of
Based upon GDOP result and analysis, LMF may learn whether certain TRPs are contributing to positioning performance or not. Hence, this result can help LMF to filter TRPs for PRS transmission.
[bookmark: _Toc61562235][bookmark: _Toc71582606]GDOP results, DL-PRS RSRP and positioning ranging error/uncertainties are provided to LMF by UE.
Further, RAN2 should also explore any other possibilities where a UE operating in UE-based mode can provide feedback on the measured PRS and obtain UE specific DL-PRS configuration.
[bookmark: _Toc71582607]RAN2 to discuss ways on how UE operating in UE based mode can provide feedback in order to obtain suitable DL-PRS configurations.
Further in the WID, it has been specified that one of the WI agenda is as below.
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
As part of this, it may be possible to classify whether the received signal is in LOS/NLOS.
[bookmark: _Toc71582608]LOS/NLOS classification, if known, is used to identify suitable TRPs from a certain location.


3	Conclusion
In the previous sections we made the following observations: 
Observation 1	There can be considerable energy transmission saving when the number of resource sets and resources required for DL-PRS transmission is reduced. RAN2 should strive to provide solution which are energy efficient.
Observation 2	It is critical to have UE feedback on identification of TRPs to be used for DL-PRS transmission and on the usefulness of transmitted PRS.


Based on the discussion in the previous sections we propose the following:
Proposal 1	UE provides the reasons as why current configuration is not suitable.
Proposal 2	To minimize signalling, NW may indicate that the UE logs its preferred configuration or worst contributor.
Proposal 3	On demand PRS is subject to the complete NW deployment and not limited to few subsets or pre-configured selection.
Proposal 4	RAN2 to agree the objective of on demand PRS irrespective of UE-initiated or LMF initiated is for the NW to learn and optimize the DL-PRS configuration to serve all the UEs in the NW.
Proposal 5	RAN2 to agree to provide solution which leads to reduction of energy consumption for DL-PRS transmission.
Proposal 6	RAN2 to discuss what sort of feedback and how those feedbacks can be provided by UE identifying the needed TRPs/beams for DL-PRS transmission to ensure 3gpp ecosystem provides energy efficient solution.
Proposal 7	RAN2 to send an LS to RAN3 to provide solution/signalling for providing PRS beam utilization in NRPPa to reduce PRS overhead as provided in R2-2105973.
Proposal 8	GDOP results, DL-PRS RSRP and positioning ranging error/uncertainties are provided to LMF by UE.
Proposal 9	RAN2 to discuss ways on how UE operating in UE based mode can provide feedback in order to obtain suitable DL-PRS configurations.
Proposal 10	LOS/NLOS classification, if known, is used to identify suitable TRPs from a certain location.
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