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Introduction
The revised positioning enhancements WID was approved during the RAN#91-e meeting [1] and the following set of objectives with regard to On-demand DL-PRS Support were introduced:
	· 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;


This contribution provides a discussion into the support of the two types of on-demands DL-PRS configuration request procedures initiated by the UE and LMF, i.e. UE-initiated and LMF-initiated on-demand DL-PRS.
Request for on-demand DL-PRS
UE-initiated Request
General
The UE-initiated request for on-demand DL-PRS should applicable to MO-LR, when triggered for UE-based positioning. This request could be triggered from the LCS internal client residing within the UE. Currently, the UE requests assistance data according to the adapted procedure shown in Figure 1 in TS37.355.
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[bookmark: _Ref68089906]Figure 1: LPP Request and Provide Assistance Data procedures
According to Figure 1, the assistance data that is transferred in Step 2 from the LMF to UE includes data that should match or be a subset of the assistance data requested in step 1, e.g. if the UE requests DL PRS assistance data. Any further assistance data transferred to the UE from the LMF (Step 3) should be a match or be a subset of the request received from the UE. 
In the case of on-demand DL-PRS, the UE should be able to initiate a request for an update of the previous assistance data configuration, more specifically the DL-PRS assistance data should at least be related to the following IEs:
· Multi-RTT (nr-Multi-RTT-RequestAssistanceData-r16)
· DL-AoD (nr-DL-AoD-RequestAssistanceData-r16)
· DL-TDOA (nr-DL-TDOA-RequestAssistanceData-r16)

The LMF needs to do the necessary message exchange with the serving or neighbouring gNBs/TRPs in order to provide the updated DL-PRS configuration. 

Proposal 1: Support UE-initiated on-demand DL-PRS for Multi-RTT, DL-AoD and DL-TDOA positioning methods.

Supported States 
In the case of UE-initiated on-demand DL-PRS requests, the following cases are considered:
1. UE-initiated on-demand DL-PRS requests in RRC_INACTIVE/RRC_IDLE state, where a UE requests an updated posSIB, e.g. posSibType6-1 containing NR-DL-PRS-AssistanceData. This can be supported using existing on-demand request signalling mechanisms.
2. UE-initiated on-demand DL-PRS requests in RRC_CONNECTED state, where an updated DL-PRS configuration is dynamically requested by the UE due to various triggers outlined in Section 2.3.

Observation 1: Existing on-demand SI request mechanisms can used to convey the on-demand DL-PRS request.

It is assumed that for both of the above cases, the positioning sessions are MO-LR. Therefore, it is recommended to support UE-initiated on-demand DL-PRS requests in RRC_CONNECTED and RRC_INACTIVE state.

Proposal 2: Support UE-initiated on-demand DL-PRS in RRC_CONNECTED and RRC_IDLE states.

TRP/Beam indication
UE-initiated on-demand DL-PRS may also mitigate the delays and improve reliability in the event of undesired radio event changes such as beam failure. This can impact the quality of the DL-PRS measurements performed at UE and thus decrease the computed positioning accuracy at either the LMF (UE-assisted positioning) or at the UE (UE-based positioning). A request for an updated DL-PRS configuration can be initiated by the UE via an indication to the LMF, including the beam candidates for possible addition/removal/switching of beam(s) carrying DL-PRS, e.g. upon beam failure. This will assist the LMF in selecting and optimizing the DL-PRS configuration in the event of any non-ideal radio events.
Proposal 3: Support DL-PRS TRP/beam indication as assistance information to the LMF for UE-initiated on-demand DL-PRS.
LMF-initiated Request
The expected density of UEs performing positioning in IIoT scenarios within a limited geographic area (e.g. indoor factory setting) and at any given time can be potentially very high, when compared to an outdoor scenario and therefore additional enhancements to reduce DL-PRS overhead need to be studied to ensure that the stringent positioning requirements may be satisfied as well as the efficient delivery of such configurations.  Furthermore, this DL-PRS overhead may scale up when performing measurements in FR2 and beyond using an increased number of beams carrying DL-PRS.
Observation 2: The DL-PRS overhead can be potentially high in FR2 due to the density of UEs and transmission across all beams.
As discussed in the Post112-e email discussion [2], there are two considered cases for the LMF to initiate an on-demand DL-PRS, which include:
1. The LMF may request an updated DL-PRS configuration based on dynamic triggers such measurement quality or change in accuracy requirements by the LCS client.
2. In the context of network efficiency, the LMF may turn on/off beams transmitting DL-PRS.

We view these cases/implementations as equally important to motivate the LMF-initiated on-demand PRS functionality and therefore recommend that these cases be considered during the current WI specification efforts. 
Furthermore, we see involvement of messages sent via both NRPPa and LPP for both cases, especially in case 2 where UE assistance information, may assist the LMF in determining the beams to be turned on/off based on PRS utilization. For example, depending on a priori information such as E-CID measurements, course location information, the DL-PRS can be better optimized for on-demand signalling over a subset/group of beams as seen in the simple example shown in Figure 2, where UE-1 can be updated and beam swept using DL-PRS transmissions on only beams 8 and 9, while UE-2 can be best served by beams 4 and 5. At the same time, DL-PRS transmissions on beams 1-3, and 6 are not required and may be ‘turned off’. 
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[bookmark: _Ref61292990]Figure 2: DL-PRS transmission of a serving gNB over a subset of beams based on a priori information
Similarly, the corresponding measurement reporting by the UE may be also configured based on this subset/group of beams. Such on-demand and dynamic DL-PRS configurations would avoid redundant DL-PRS transmissions, which are not beneficial for the computation of a UE’s location estimate. This can be applicable for both UE-assisted and UE-based positioning techniques.
[bookmark: _Hlk47536705]Observation 3: A priori UE assistance information can be exploited to optimize DL-PRS transmissions by e.g. turning on/off DL-PRS transmissions in relevant beams, where applicable.
Proposal 4: Support LMF-initiated on-demand DL-PRS with FFS for NRPPa and LPP impacts. RAN3 to be consulted for NRPPa impacts.
Proposal 5: FFS LPP impacts such as a priori request of UE assistance information required by the LMF, e.g. E-CID measurements, other course location information.

Triggers and DL-PRS Configuration 
Triggers
The on-demand DL-PRS feature can be based on the following triggers in the case of:
1. UE-initiated on-demand DL-PRS: 
a. UE/internal LCS client updating the UE with tighter accuracy requirements during an ongoing/active LPP session.
b. Positioning measurement quality for UE-based positioning methods.
c. Beam-failure during an ongoing/active LPP session involving UE-based methods. 
2. LMF-initiated on-demand DL-PRS: 
a. Change in accuracy requirement by the external LCS client during an ongoing/active LPP session.
b. Positioning measurement quality for UE-based positioning methods.
c. Network efficiency for DL-PRS transmission, where an example can be based on the addition (turning on), removal (turning off), or switching of beams transmitting DL-PRS. 
It should be further confirmed if RAN2 has to capture any of the triggers for on-demand DL-PRS mechanisms in the Stage 2 specifications or if this can be specification transparent.
Proposal 6: RAN2 to decide whether to capture any triggers for on-demand DL-PRS transmission in Stage 2 specifications.
DL-PRS Configuration parameters
The network should be flexible in updating most of the parameters, contained within the NR-DL-PRS-Info IE including DL-PRS Periodicity and Resource set slot offset, resource time gap, number of symbols, muting options bandwidth, frequency layers, comb pattern, DL-PRS power, etc. Parameters may also be down-selected if deemed not suitable to be updated using the on-demand mechanism. However, this is a RAN1 issue and should be handled as such. Furthermore, it should also be under RAN1’s scope whether or not to capture Rel-16 and/or Rel-17 (if any new parameters are defined) DL-PRS related configuration parameters.
Proposal 7: RAN1 to decide the DL-PRS configuration parameters to be dynamically updated using the on-demand DL-PRS mechanism. 
Conclusions
This contribution has noted the following observations with regard to on-demand PRS:
Observation 1: Existing on-demand SI request mechanisms can used to convey the on-demand DL-PRS request.
Observation 2: The DL-PRS overhead can be potentially high in FR2 due to the density of UEs and transmission across all beams.
Observation 3: A priori UE assistance information can be exploited to optimize DL-PRS transmissions by e.g. turning on/off DL-PRS transmissions in relevant beams, where applicable.
Based on the aforementioned discussions, the following proposals are presented:
Proposal 1: Support UE-initiated on-demand DL-PRS for Multi-RTT, DL-AoD and DL-TDOA positioning methods.
Proposal 2: Support UE-initiated on-demand DL-PRS in RRC_CONNECTED and RRC_IDLE states.
Proposal 3: Support DL-PRS TRP/beam indication as assistance information to the LMF for UE-initiated on-demand DL-PRS.
Proposal 4: Support LMF-initiated on-demand DL-PRS with FFS for NRPPa and LPP impacts. RAN3 to be consulted for NRPPa impacts.
Proposal 5: FFS LPP impacts such as a priori UE assistance information required by the LMF, e.g. E-CID measurements, other course location information.
Proposal 6: RAN2 to decide whether to capture any triggers for on-demand DL-PRS transmission in Stage 2 specifications.
Proposal 7: RAN1 to decide the DL-PRS configuration parameters to be dynamically updated using the on-demand DL-PRS mechanism. 
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