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Introduction
During the previous RAN2#112-e meeting [1], the following agreement was made in relation to the study of on-demand PRS for DL-based and both UL+DL-based positioning methods: 
	Agreements on on-demand PRS:
RAN2 study on-demand PRS mechanism for DL-based, UL&DL-based methods (e.g. multi-RTT), and UE-Based and UE-assisted positioning methods in this SI.



In addition, during the RAN1#103-e [1] meeting, the following recommendation was agreed upon:

	Agreement:
Capture the following in the TR:
From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.




The agreements are a starting point in order to ascertain the feasibility and benefits in terms of fulfilling the SID objectives [2] in terms of enhanced accuracy, latency reduction and improved network and UE efficiency. This contribution aims to expand on the discussion regarding the advantages of on-demand PRS for the positioning KPIs, especially considering the targeted IIoT scenarios in the SID [2]. 
On-demand PRS 
Use cases and Motivation 
Rel-16 NR positioning RAT-dependent positioning functionality mainly catered towards fulfilling the commercial and regulatory requirements. However, Rel-17 NR positioning takes into consideration the IIoT positioning use cases, where the overall positioning requirements are stringent with respect to Rel-16. The Rel-17 performance requirements have been agreed upon and documented in the latest version of TR.38.857 [3] and is shown in Table 1. 

[bookmark: _Ref61290411]Table 1: Rel-17 Target Positioning Requirements
	Positioning Error
	Commercial Use Cases
	IIoT Use Cases

	Horizontal Positioning 
	(< 1 m) for 90% of UEs
	(< 0.2 m) for 90% of UEs; 

	Vertical Positioning 
	(< 3 m) for 90% of UEs
	(< 1 m) for 90% of UEs

	Physical layer latency for position estimation of UE
	(< 10 ms)
	(< 10 ms)

	End-to-End Latency for position estimation of UE 
	 (<100 ms)
	(< 100 ms, in the order of 10 ms is desired)



On-demand PRS aims to provide a greater degree of freedom in achieving the positioning KPIs mentioned in Table 1. This DL-PRS is transmitted with a triggered request from either the UE or LMF, which may demand the updated PRS configuration information of the DL-PRS transmission for e.g. better accuracy of the location estimate[4]. 

The currently supported procedures for requesting a DL-PRS configuration lack the flexibility to support low latency measurement and processing of the positioning measurements, making it challenging to update the DL-PRS configuration on the fly when required, which has implications on the  positioning accuracy (type of physical layer configurations) and latency (time taken to request a new DL-PRS configuration) of the location estimate. 
The dynamic nature of on-demand DL-PRS over the current mechanism, would allow the LMF and UE to react and respond to changes in the radio environment, e.g. NLOS effects, beam failure, etc.   

In Rel-16, the DL-PRS is transmitted in all directions via beam sweeping. From a network perspective, DL-PRS beam-based transmissions, which are not relevant for the calculation of the UE’s (group of UE’s) location estimate can be avoided, thus reducing NW signalling overhead.

Observation 1: On-demand DL-PRS has potential benefits in fulfilling the positioning KPIs of accuracy, latency and efficiency.

Triggered on-demand DL-PRS Requests
The on-demand DL-PRS can be exploited in the following scenarios for accuracy, low latency and efficiency benefits:
1. Adaptive enhanced accuracy: From the UE perspective, the on-demand DL-PRS request could avoid the need to re-initiate a separate assistance data signalling request for UE-based positioning (which could incur additional latency), corresponding to a previous DL-PRS configuration in the event the UE would require additional/updated measurements based on a higher accuracy requirement at the UE/internal LCS client for an ongoing LPP session.
2. Beam Management: From an LMF perspective, the LMF-initiated on-demand PRS request enables low latency and reduced network overhead for DL-PRS transmissions. An example can be based on TRP addition/removal/switching of TRPs that are not deemed suitable for PRS measurements in the event of certain radio events such as beam failure and NLOS beam identification, which could degrade accuracy as noted densely cluttered IIoT scenarios. In this case, the UE may also need an transmit an indication towards the network to trigger the request for an updated DL-PRS configuration.
Proposal 1: RAN2 supports UE-initiated request for On-demand DL-PRS transmission for normative work.  
Proposal 2: RAN2 supports LMF-initiated request for On-demand DL-PRS transmission for normative work.
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 measurement in FR2 and beyond using an increased number of beams.
Observation 2: The DL-PRS overhead can be potentially high in FR2 due to the density of UEs and transmission across all beams. 
Therefore, the DL-PRS resource overhead incurred by the network should be efficiently and dynamically managed, while considering the desired accuracy vs overhead trade-off. Techniques to reduce the DL-PRS transmission overhead across all beams as well as corresponding reporting overhead for specific UE(s) should also be considered. 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 TRPs as seen in Figure 1 , where UE-1 can be updated and beam swept using on-demand PRS only TRPs 8 and 9, while UE-2 can be best served by TRPs 4 and 5. This builds upon the on-demand DL-PRS feature, where the UE and LMF can trigger different updated DL-PRS transmissions based on the course location/general area of the UE or based on initial assistance information from the UE.
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[bookmark: _Ref61292990]Figure 1: DL-PRS transmission 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 UE’s location estimate. This can be applicable for both UE-assisted and UE-based positioning techniques.
[bookmark: _Hlk47536705]Observation 3: A priori information can be exploited to optimize DL-PRS transmissions and reduce overhead.
Proposal 3: Study various DL-PRS transmission overhead reduction techniques from the network and UE perspective based on a priori information.  
· FFS details such as the a priori information required by the LMF.

gNB-Initiated DL-PRS transmission
Another issue raised during the [Post112-e][608] email discussion [5], is the introduction of the gNB-based on-demand PRS mechanism. This feature may involve a certain amount of specification change with respect to the DL-PRS framework if the gNB assumes the role of the LMF in enabling the existing positioning procedures, in addition to the large amount of configuration signalling over the XnAP interface. RAN3 has already investigated the feasibility in TR 38.856.
[bookmark: _GoBack]However, if the LMF functionality is co-located or housed within a particular gNB, e.g. IIoT positioning scenarios in indoor factory environments, further study would be required as to whether a gNB-based on-demand PRS mechanism would be required. The primary aim to co-locate the LMF with the gNB or house the LMU within the gNB would be to reduce overall network latency, and as such the need and feasibility of a gNB-based on-demand PRS mechanism needs to further be investigated. A collocated LMF may solve the issue with respect to neighbouring gNB coordination.
Proposal 4: Further study the benefits of gNB-initiated DL-PRS in the context of IIoT positioning scenarios and local LMF in RAN.
Conclusions
This contribution has noted the following observations with regard to on-demand PRS:
Observation 1: On-demand DL-PRS has potential benefits in fulfilling the positioning KPIs of accuracy, latency and efficiency.
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 information can be exploited to optimize DL-PRS transmissions and reduce overhead.
The following proposals are presented:
Proposal 1: RAN2 supports UE-initiated request for On-demand DL-PRS transmission for normative work.  
Proposal 2: RAN2 supports LMF-initiated request for On-demand DL-PRS transmission for normative work.
Proposal 3: Study various DL-PRS transmission overhead reduction techniques from the network and UE perspective based on a priori information.  
· FFS details such as the a priori information required by the LMF.
Proposal 4: Further study the benefits of gNB-initiated DL-PRS in the context of IIoT positioning scenarios and local LMF in RAN.
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