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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; 
RAN2 #113b
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 #114-e

Agreement:

The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.
Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
This new LPP assistance data IE can be included in an LPP Provide Assistance Data message and/or a new posSIB.

The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
-	Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
-	Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
-	TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)

RAN2 #115-e
Agreements:
Before providing available DL-PRS configuration to the UE, the LMF may obtain configuration information on what DL-PRS can be supported from one or more TRPs via NRPPa.
Capture the steps provided above as a baseline, along with a note indicating it remains FFS if the UE can send the MO-LR to request on-demand PRS.
FFS if we indicate to SA2 that MO-LR can be used to trigger on-demand PRS procedure.
It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations.


In this paper, we discuss what assistance info is needed from UE and gNB to enable to decide on-demand PRS reconfiguration.
[bookmark: _Ref178064866]2	Discussion 
The outcome of on-demand PRS reconfiguration should activate the PRS to improve the positioning performance for UEs and should also deactivate PRS beams at gNB for the sake of energy saving. It is not trivial and even impossible to satisfy all the UEs’ request, without impacting the network in terms of scalability and performance. Thus, on-demand PRS reconfiguration should at first place serve the purpose of transmission to a large set of UEs in an energy-efficient way. To achieve this goal, LMF needs to aggregate information from several UEs, in the form of an activity report, so that it can inform the gNB of the optimal PRS transmission to configure.  
2.1 Information from LMF to gNB
RAN3 has defined the NRPPa PRS Configuration Exchange procedure as a non-UE specific procedure (i.e., cell specific). 
	From RAN3 NRPPa BL CR R3-214665:

a. Introduce a new non-UE associated NRPPa procedure (class 1) to support on-demand PRS. Details FFS. 
b. The new NRPPa procedure enables LMF to request gNB to (re)configure PRS transmission, and gNB to indicate the updated PRS configuration to LMF. Details FFS.
c. Details regarding information (e.g. parameters, PRS utilization, measurements in general, etc.) to be exchanged by the procedure is pending RAN1/RAN2.



If we consider signalling a report of the beam utilization, where each beam in a cell is associated with how many UEs it had served and what is the quality level of that beam, that can constitute beneficial input for the gNB to decide if certain beam can be kept or deactivated. For example, if the utilization is lower than a certain threshold for minimizing the power transmitted in the network for positioning, certain beams can be disabled to avoid unnecessary PRS transmission. Besides, the utilization of the beams of each TRP may be taken from other criteria, that can be e.g. based upon UE statistics such as number of UEs in the beam, RSRP/RSRQ measurements higher than certain threshold from each beam or the preferred QCL information. 
1. [bookmark: _Toc84016628][bookmark: _Toc85730284]The DL PRS on-demand signaling defined by RAN3 is cell specific. 
1. [bookmark: _Toc85730285]The utilization of each beam of each cell per TRP may be taken from statistics (aggregation) based upon UEs measurement report to LMF.
1. [bookmark: _Toc85730286]It is necessary to send helpful information aggregated by LMF such as UEs statistics and PRS average beam utilization to gNB, so that gNB can optimize the PRS transmission
Looking at the current running CR of RAN3 NRPPa in R3-214665:
9.2.x1 Requested DL PRS Transmission Characteristics [FFS]
This IE contains the requested PRS configuration for transmission by the LMF.
Editor’s Note: All details of this IE are FFS
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



[bookmark: _Hlk85643185]We can see that the content of 9.2.x1 in empty and pending RAN2 feedbacking for the information sent from LMF to gNB. To support the goal of efficient DL PRS transmission at gNB, the content of 9.2.x1 must indicate the utilization of each beam and what is the optimal beam utilization in each cell/TRP that the LMF had aggregated from the UE LPP measurements reports. This can be a PRS Activity Report that is detailing how each PRS resource ID was utilized: its average RSRP/RSRQ, how many users have detected this beam, if it is of good quality or not, the best beams detected by the UE, etc. This PRS resources overview can help gNB proceeding with the beam optimization.
Proposal 4: the PRS Activity Report from LMF to gNB can include:
· The list of PRS resources set that can be configured by the TRPs hosted in the NG-RAN node.
· The resource ID for each resource set
· For each PRS resource ID:
i. The number of UEs that have detected RSRP values with good quality
ii. Their average RSRP/RSRQ
iii. QCL information (agreed by RAN1)
iv. Other metrics FFS
Below an example of the encoding that we can have as PRS Activity Report in NRPPa:
9.2.x1 Requested DL PRS Transmission Characteristics [FFS]
This IE contains the requested PRS configuration for transmission by the LMF.
Editor’s Note: All details of this IE are FFS
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	9.2.3
	

	NRPPa Transaction ID
	M
	
	9.2.4
	

	PRS Resource Set List
	
	
	1.. <maxnoPRSResourceSet>
	

	> PRS Resource Set ID
	M
	
	INTEGER(0...7)
	

	> PRS Resource List
	
	
	1.. <maxnoPRSResource>
	

	>> PRS resource ID
	M
	
	INTEGER(0..63)
	

	>> UE statistics
	M
	
	
	

	>>> Number of UEs
	M
	
	INTEGER(0..N)
	

	>>>Number of UEs above RSRP Threshold
	M
	
	INTEGER(0..N)
	

	>>> average  RSRP
	O
	
	INTEGER (0..127)
	

	>>>average RSRQ
	O
	
	INTEGER (0..127)
	

	>> CHOICE QCL Info
	O
	
	
	

	>>>SSB
	
	
	
	

	>>>>NR PCI
	M
	
	INTEGER(0..1007)
	

	>>>> SSB Index
	O
	
	INTEGER(0..63)
	

	>>>DL-PRS
	
	
	
	

	>>>>QCL Source PRS Resource Set ID
	M
	
	INTEGER(0..7)
	

	>>>>QCL Source PRS Resource ID
	O
	
	INTEGER(0..63)
	If it is absent, the QCL source PRS resource ID is the same as the PRS resource ID




[bookmark: _Toc85730288]Send LS to RAN3 to include a PRS Activity Report as discussed above


2.2 Information from UE
It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations. However, having information from UE is helpful for LMF to schedule and decide the DL-PRS configurations more effectively and efficiently. 
As the current on PRS resources may not cover all the desired direction and it is not energy-efficient to request gNB to activate all the available PRS resources, it is better to utilize other reference signals having good beam coverage for UE to measure and report to LMF. Transmission of SSB and CSI-RS have a good beam coverage, and the measurement and reporting of such signals is already included in ECID measurement [1]. Taking notes of the timestamp of the measurement is helpful to associate UE position with the corresponding cell/beam performance. 
[bookmark: _Toc85730287]NR-ECID-SignalMeasurementInformation IE can include reference signal received power and quality of SSB and CSI-RS (SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ) for up to 32 neighbor cells.
[bookmark: _Hlk85447962][bookmark: _Toc85730289]	Request ECID measurements from UE to send SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ of the neighbor cells (with timestamp) is helpful to LMF to determine the suitable cells for each UE. 
Besides identifying the beam performance by taking ECID measurements, there are other parameters that is helpful for on-demand PRS configuration if supported or available at UE side. If location estimate is available, it can of great help for LMF to determine the suitable TRPs. UE are also suggested to report NLOS link if detected to the LMF, and LMF later can either schedule other links or increase power and/or bandwidth for that link. If poor QoS (accuracy and latency) is detected at UE, it is helpful to report such information to LMF that it can either schedule other links or PRS resource with increase bandwidth and/or lower periodicity or increase repetition factor. Moreover, associating different reports using timestamp is helpful to map link/resource performance to estimated location, which is helpful to efficiently reconfigure PRS for UE in mobility. 
[bookmark: _Toc85730290]Report the below parameters from UE together ECID measurements is helpful for on-demand PRS configuration, especially for the case of UE in mobility
· [bookmark: _Toc85729155][bookmark: _Toc85730291]Location estimates of UE
· [bookmark: _Toc85729156][bookmark: _Toc85730292]Detected LOS/NLOS links
· [bookmark: _Toc85729157][bookmark: _Toc85730293]TRPs/Beams leading to Poor positioning QoS (accuracy and latency)

2.3 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][bookmark: _Toc85730294]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


2.4 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][bookmark: _Toc85730295]To minimize signalling, NW may indicate that the UE logs its preferred configuration or worst contributor. 


3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The DL PRS on-demand signaling defined by RAN3 is cell specific.
Observation 2	The utilization of each beam of each cell per TRP may be taken from statistics (aggregation) based upon UEs measurement report to LMF.
Observation 3	It is necessary to send helpful information aggregated by LMF such as UEs statistics and PRS average beam utilization to gNB, so that gNB can optimize the PRS transmission
Observation 4	NR-ECID-SignalMeasurementInformation IE can include reference signal received power and quality of SSB and CSI-RS (SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ) for up to 32 neighbor cells.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Send LS to RAN3 to include a PRS Activity Report as discussed above
Proposal 2	Request ECID measurements from UE to send SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ of the neighbor cells (with timestamp) is helpful to LMF to determine the suitable cells for each UE.
Proposal 3	Report the below parameters from UE together ECID measurements is helpful for on-demand PRS configuration, especially for the case of UE in mobility
	Location estimates of UE
	Detected LOS/NLOS links
	TRPs/Beams leading to Poor positioning QoS (accuracy and latency)
Proposal 4	UE provides the reasons as why current configuration is not suitable.
Proposal 5	To minimize signalling, NW may indicate that the UE logs its preferred configuration or worst contributor.
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