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Introduction
For Rel-17, a work item for NR Positioning Enhancements [1] has been approved and revised at RAN#91-e with the following objectives:
· 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; 
At RAN2#113bis-e, the following agreements were made related to On-demand PRS [2]:
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.

In this contribution, we discuss our views related to on-demand transmission and reception of DL PRS and make some observations and proposals. This is a revision of R2-2104142.
Discussion
Background
3GPP has defined enhanced positioning protocols, new positioning techniques, and NR-based Positioning Reference Signals (PRS) in Rel-16. The NR PRS is loosely based on the LTE pseudo-random sequences and is specified in TS 38.211. The updated NR PRS further improves hear-ability of the PRS from neighbour cells. This yields an improved positioning accuracy, but it is dependent on network deployment (e.g., density of gNBs/TRPs), RF conditions, and PRS configuration parameters, such as bandwidth, periodicity, muting patterns, etc.
The Study on NR Positioning Enhancements (TR 38.857) concluded a number of enhancements over the existing Rel-16 NR positioning mechanisms. Namely, these general issues with the current PRS definition were identified [2]. 
Efficiency: PRS uses revenue generating BW, potentially adds interference.
NR PRS has unnecessary overhead and a waste of resources in the case where no UE positioning is required during a particular time or in a particular coverage area of a network. If supported, DL PRS is always broadcast from gNB. In case of beamformed DL-PRS, DL-PRS transmission in all beam sweeping directions can result in an unnecessary transmission of DL-PRSs. Temporary changes in the DL-PRS configuration/resources for meeting higher positioning accuracy and/or lower latency positioning requirements in certain areas or at certain times is suggested.
Accuracy: DL-PRS configuration may not be sufficient to meet the accuracy requirements of the LCS client; e.g., may have a too small bandwidth, too few repetitions, etc. as it is statically configured from an LMF. Network deployment and RF conditions are factors impacting confidence/uncertainty in position.
Latency: DL-PRS configuration may not be sufficient to meet the response time requirements of the LCS client, e.g., may have a too large periodicity, which is a static configuration parameter. 
Finally, it is necessary to manage trade-offs between efficiency, accuracy & latency both from UE and network perspective.
With these issues in mind, in TR 38.857, from an upper layer perspective, the following conclusions for on demand PRS functionality are proposed and in line with the NR Pos WI [1]:
1. UE-initiated request of on-demand DL-PRS transmission is recommended for normative work.
2. LMF Initiated on-demand control of DL-PRS transmission is recommended for normative work.
3. The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on demand PRS.

Observation 1:  Existing PRS functionality in Rel-16, will be enhanced in the Rel-17 normative phase from a RAN2 perspective.
Observation 2:  The existing UE positioning procedures and mechanisms as described in Release 16, leverage static resources for PRS transmissions. This can result in less efficient use of network resources as DL PRS transmissions are broadcast from gNB even in the absence of LCS/positioning requests. Additionally, PRS resources and configuration may require modification to meet a higher demand for accuracy and latency requirements.
Observation 3:  Both UE and LMF initiation of on-demand PRS procedures are recommended per Study Item and WI objectives.
Proposal 1:  RAN2 to prioritize further evaluation and discussion of detailed solutions and procedures for on-demand transmission and reception of DL PRS, regardless of the entity initiating the PRS transmission requests. 
Initial concepts and solutions on-demand PRS  
To increase the positioning accuracy and efficiency of PRS, it is proposed to enhance the existing positioning procedures to support both UE-initiated on-demand PRS requests and LMF control to modify PRS configuration for one or more serving and/or neighbor TRPs. Some detailed options for these enhanced procedures/concepts are further discussed to realize potential benefits:
1. UE-initiated PRS configuration evaluation. As it has been noted in RAN2#113bis-e initial discussions, two general suggestions have been made; 1) UE-initiated mechanism is enabled by the UE triggering a request to the LMF. This assumes that the LMF is ultimately the control point for the on-demand requests and triggering PRS transmission changes. Based on this assumption, a UE with PRS-based positioning calculation capability, should be (pre-)configured by the LMF/network with some trigger for evaluation of PRS configuration, and criteria associated with the evaluation of PRS configuration, to aid the UE as to when and how to evaluate PRS configuration and trigger for PRS (re-)configuration requests to the LMF. 
2. UE-initiated PRS Configuration validity. From the UE perspective, there should be some validity attributes (e.g., validity timer, validity location, valid TRP/RAN node) associated with the triggers for the evaluation of current/existing PRS configuration, or validity of the criteria for the evaluation of PRS configuration. 
3. UE-initiated PRS (re)configuration evaluation criteria. Once the UE has identified that a trigger for PRS evaluation criterion has been met, the UE may evaluate the existing PRS resources and configuration, based on one or more of the following: Positioning KPIs (e.g., QoS, positioning accuracy, positioning latency, inter-cell interference), measurements, current PRS configuration, whether or not the UE is authorized to perform (re-)configuration request, etc. 
4. UE-initiated PRS (re-)configuration request. If the UE identifies that the criteria for a PRS (re-)configuration request has been met, the UE generates and transmits a PRS (re)-configuration request, to the LMF. Per RAN2#113bis agreements, UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  
5. LMF response to UE PRS (re-)configuration request. The UE PRS transmission requests are received by the network and a response should be sent from the network/LMF.:
a. Update one or more TRP PRS configuration set (group of configurations) or resources 
b. The network may grant, partially grant the request (e.g., only grant one or more PRS config parameters, or only a portion of the requested resources), or deny the request 
6. Options for LMF Activate/Deactivate PRS resources. The LMF may configure one or more UE with a set of PRS resources, wherein some of the PRS resources are activated by default, and some are inactivated. Additionally, the UE may be made aware via SI or LPP, that the serving or neighbour cell(s) have multiple available PRS resource sets that may be activated upon request. To further illustrate these conceptual options, below is a proposed procedure for a UE request for PRS reconfiguration based on the existing protocols and LCS architecture.
7. LMF-initiated PRS re-configuration. Per 113bis-e agreements, UE-initiated requests and LMF-initiated PRS reconfigurations can exist under the same framework. Re-use of these procedures will ensure common processing and procedures regardless of which entity initiated the request. Figure 2-1 outlines some of these potential messages.



Figure 2-1 UE request and LMF initiated PRS reconfiguration(s)

Observation 4:  Several options, concepts and possible procedures may be leveraged for a UE-initiated request for PRS (re-)configuration as well as LMF initiated reconfigurations.
Proposal 2:  RAN2 should discuss and evaluate some of the potential solutions and procedures associated with on-demand PRS (re-)configuration. 
Proposal 3:  RAN2 should update 38.305 with some of the high-level procedures outlined in Figure 2-1 and we volunteer to facilitate an email discussion to draft a running CR. 

Conclusion
In this contribution, we discuss our views related to on-demand PRS transmission and reception and make the following observations and proposals:
Observation 1:  Existing PRS functionality in Rel-16, will be enhanced in the Rel-17 normative phase from a RAN2 perspective.
Observation 2:  The existing UE positioning procedures and mechanisms as described in Release 16, leverage static resources for PRS transmissions. This can result in less efficient use of network resources as DL PRS transmissions are broadcast from gNB even in the absence of LCS/positioning requests. Additionally, PRS resources and configuration may require modification to meet a higher demand for accuracy and latency requirements.
Observation 3:  Both UE and LMF initiation of on-demand PRS procedures are recommended per Study Item and WI objectives.
Observation 4:  Several options, concepts and possible procedures may be leveraged for a UE-initiated request for PRS (re-)configuration as well as LMF initiated reconfigurations.
Proposal 1:  RAN2 to prioritize further evaluation and discussion of detailed solutions and procedures for on-demand transmission and reception of DL PRS, regardless of the entity initiating the PRS transmission requests. 
Proposal 2:  RAN2 should discuss and evaluate some of the potential solutions and procedures associated with on-demand PRS (re-)configuration. 
Proposal 3:  RAN2 should update 38.305 with some of the high-level procedures outlined in Figure 2-1 and we volunteer to facilitate an email discussion to help draft a running CR. 




References
[1] 3GPP RP-210908, "Revised WID on NR Positioning Enhancements," March 2021. 
[2] R2-2104305, Report of session on positioning and sidelink relay
[3] 3GPP TR 38.857, Study on NR Positioning Enhancements; (Release 17)


image1.emf
NgNB

SgNB

UE AMF LMF

Initial PRS Config (NRPPa)

Initial PRS Config (NRPPa)

NG-RAN

LCS Request

LCS request LCS Request (optionally PRS request)

PRS trans

PRS trans

 (may or may not be present)

Perform

Measurements

Perform

Measurements

Request PRS resources/assistance (posSIB, LPP)

Reconfig PRS resources

Reconfig PRS resources (NRPPa)

Reconfig PRS resources

Reconfig PRS resources (NRPPa)

Update PRS Config (LPP/RRC/new posSIBs)

Update PRS Config (LPP/RRC/new posSIBs)

Perform

Measurements

Report measurements/position (LPP, SDT)

PRS trans

PRS transmissions


Microsoft_Visio_Drawing.vsdx
NgNB
SgNB
UE
AMF
LMF
Initial PRS Config (NRPPa)
Initial PRS Config (NRPPa)
NG-RAN
LCS Request
LCS request
LCS Request (optionally PRS request)
PRS trans
PRS trans
 (may or may not be present)
Perform
Measurements
Perform
Measurements
Request PRS resources/assistance (posSIB, LPP)
Reconfig PRS resources
Reconfig PRS resources (NRPPa)
Reconfig PRS resources
Reconfig PRS resources (NRPPa)
Update PRS Config (LPP/RRC/new posSIBs)
Update PRS Config (LPP/RRC/new posSIBs)
Perform
Measurements
Report measurements/position (LPP, SDT)
PRS trans
PRS transmissions



