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1	Introduction
In last meeting, RAN2 decided to focus the study in three areas: On demand PRS, latency and Idle/Inactive Positioning. The paper discusses these three main areas and provides the analysis and outlines the improvements that can be done.
[bookmark: _Ref178064866]2	Enhancements

2.1	On Demand PRS
Based upon the papers presented by several companies in this area. The on demand PRS can be broadly categorized in below
· On demand PRS Request from UE: 
· PRS Overhead reduction from NW: 
· Aperiodic and Semi-Persistent PRS: 
· Single DCI based Multi-TRP Config
2.1.1	On demand PRS Request/Modify from UE
One version that has been suggested is that UE request on demand PRS similar to on demand SI. Based upon this serving gNB should inform to LMF and LMF should then identify neighbor gNBs/TRPs and request for PRS transmission.
[image: ]

Clearly this mechansim involves lot of signalling and increases RACH load. Further, this cannot solve NW overhead since just for one UE NW has to transmit PRS not only for serving cell but neighbor cell/TRPs. Rather existing reference signal such as CSI-RS, TRS, SSB or UL-SRS (UTDOA) based positioning method would benefit in such case.
Further, this PRS information exchange will negatively impact NRPPa, which is not fit for dynamic signalling tranmission, such as X2-AP/Xn-AP protocols.

[bookmark: _Toc54331737]RAN2 to agree that on demand PRS request based upon PRACH request is not supported.
There may be one more variant where UE in connected mode may request to modify the existing PRS configuration; such as request for denser PRS configuration or more repetitions, shorter periodicty, different frequency etc.
[image: ]
However, we do not see as such any advantage for this case too. Generally, LMF as such has to cater for several UEs and it may not be able to tune the PRS config just for one UE. It still requires lot of signalling and is not guaranteed that gNB would be able to fulfil it.

[bookmark: _Toc54331738]RAN2 to agree that on demand PRS config modify from UE is not supported.

2.1.2	PRS Overhead reduction
As specified in the SID, item 1; 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: _Toc54331739]RAN2 to request RAN3 to provide solution/signalling for reconfiguring PRS in NRPPa to reduce PRS overhead.



2.1.3	Aperiodic PRS
Some of the papers have considered that on demand PRS is as such aperiodic PRS. Aperiodic UL-SRS has been supported in Rel-16; however, UL-SRS is configured via RRC. Providing aperiodic PRS based upon LPP or LMF appears complicated; especially for neighbor gNB/TRP. A typical flow would be as below for serving cell based where gNB informs what sort of aperiodic PRS is supported. LMF should then evaluate and decide when such trigger should be provided to gNB and at the same time UE also needs to be notified. One signalling flow is provided below.



One open question is: How to trigger aperiodic PRS from neighbor-gNB. How to trigger aperiodic PRS Tx for a UE located in non-neighbor cell and how to inform to UE about aperiodic PRS transmission from neigbor gNB. Xn co-ordination may be considered but still difficult to realize.
[bookmark: _Toc54331731]From signaling point of view aperiodic PRS is complicated. Serving cell based Aperiodic PRS config can still be possible however aperiodic PRS config for neighbor cell-based config can be complicated.

[bookmark: _Toc54331740]RAN2 to wait for RAN1 to identify use case and need for aperiodic PRS trigger for serving cell before making final decisions.
[bookmark: _Toc54331741]Aperiodic PRS trigger for neighbor cell PRS config is not supported.
2.1.4	Single DCI Based Multi-TRP
In NR rel-16, single DCI based Multi-TRP features are specified.  In these features, the DCI can be originating from one TRP while different PDSCH transmissions (i.e., either different set of layers or different PDSCH transmission occasions) may be transmitted from different TRPs.  An example scenario as shown in Figure 2.  In these features, it is assumed that multiple TRPs belong to the same serving cell.  This allows a DCI transmitted from one TRP to schedule a PDSCH transmission from one or more other TRPs that belong to the same serving cell as the TRP that transmits the DCI.  In addition to scheduling PDSCH transmission from other TRPs, the DCI sent from one TRP can also trigger reference signal transmissions from other TRPs.   




It should be possible to exploit this sort of setup also for positioning purpose. As three distinct TRPs (located at different locations) are required for multi-lateration purpose. If serving cell with multiple TRPs with distinct co-ordinates is available; positioning configuration would be simpler as most of the configuration could be done via RRC serving cell and reference signal such as CSI-RS can be used.

[bookmark: _Toc47645634][bookmark: _Toc54331742]Adopt Rel 16 multi-TRP configurations based on RRC configured RSs for positioning to reduce latency, especially for IIOT.


2.2	Latency Improvements
It is important to consider Time to First Fix for positioning latency studies. As defined in 22.261: Time to First Fix (TTFF): time elapsed between the event triggering for the first time the determination of the position-related data and the availability of the position-related data at the positioning system interface.
Hence, before starting first positioning measurements; any activity/transactions that the device would require should be part of TTFF; for example, capability exchange, any pre-requisite procedure such as NR-ECID, retrieval of first assistance data to perform measurements. 
Hereafter, the device may be required to perform periodic measurements (update rates) depending upon the application requirements.
From 22.261:
The 5G system shall be able to provide the 5G positioning services with a TTFF less than 30 s and, for some 5G positioning services, shall support mechanisms to provide a TTFF less than 10s.
NOTE 1: 	In some services, a TTFF of less than 10s may only be achievable at the expense of a relaxation of some other performances (e.g. horizontal accuracy may be 1 m or 3 m after 10 s TTFF, and reach a steady state accuracy of 0.3 m after 30s).

[bookmark: _Toc54331732]Time to first fix should be considered in latency studies and any improvements in this area can be studied. Considering TTFF in latency may relax the other core latency requirements for performing measurements and reporting to the location server for positioning computation. 

Potential improvement during TTFF can be storage of UE positioning capabilities by AMF. AMF would thus forward it to LMF as depicted in below diagram for the MT-LR procedure.




[bookmark: _Toc54331743]RAN2 to consider solutions that would save latency during capability transfer and send an LS to SA2 to provide solution that minimizes latency in retrieving capability from UE to LMF via LPP.

2.3	Positioning in Idle/Inactive Mode
RSTD measurements have been defined for Idle mode in LTE for NB-IOT UEs. This is mainly for power saving purposes. It needs to be discussed whether there is benefit of supporting RSTD measurements in idle mode for NR where the use case is not to serve power limited devices. However, in terms of latency it may help if UE can perform the RSTD measurements without having to go to connected mode. If the AD is being provided by means of broadcast, then UE can use the AD to identify the PRS and perform the measurements in idle mode.
However, in order to ensure end to end working; it should also be studied as how UE assisted UE would report it’s DL-PRS measurements to NW. MO-LR procedure should be used for this. In addition, for efficient measurement reporting, different reporting means from idle/inactive state needs to be explored further. Also, different event triggering conditions to trigger the idle/inactive to connected mode transition shall be explored. 
[bookmark: _Toc54331733]There may be benefit in terms of latency by defining DL-PRS measurements in idle mode. RAN1 should define such measurements and RAN2 should further study and consult with SA2 on measurement reporting from UE for the measurements performed in Idle mode.
[bookmark: _Toc54331734]Efficient Positioning measurement reporting from idle/inactive and triggering of idle/inactive to connected mode based on positioning measurement config events would need to be explored further.
[bookmark: _Toc54331744]RAN2 to wait for RAN1 to decide the idle mode DL-PRS measurements.

However, when it comes to UL-SRS, it would be very complex for the UE to transmit UL SRS in idle/inactive. It would be only useful if the UE is semi-stationary or stationary such that it is always served by same cell. As UL-SRS resource require UL cell specific resource (time/freq) and is allocated to a UE; if UE moves the serving cell should be aware so that the resource would be released.  Positioning use case as such involves moving UE, hence UL SRS may not be dynamically allocated/released based upon UE movement. For this reason, UL-SRS should not be considered for idle/inactive mode positioning.
[bookmark: _Toc54331745]UL-SRS transmission is not considered when UE is in idle/inactive mode.
2.4	Positioning Architecture for IIOT Scenario
It is expected that for factory IIOT scenario Non-Public Network architecture would be used. As per NPN architecture the AMF still has very central and important roles such as with subscriptions, authorizations, security, privacy etc. also in the context of IIOT. Hence, positioning architecture which uses AMF should be prioritized and architecture such as local-LMF which undermines AMF should be discouraged.
[bookmark: _Toc54331735]AMF is one of the important nodes required for IIOT positioning.
[bookmark: _Toc54331746]For IIOT, deploy 5GC as close as possible to RAN in order to minimize latency due to transport.

2.5	Combinations of broadcast and unicast
Provisioning of assistance data is possible using LPP unicast or RRC unicast/broadcast. Broadcast is useful when there are large number of recipients so it may alleviate the resource constraint that would be if dedicated signalling (point to point) is used. When there are few recipients, from resource point of view, dedicated signalling is enough.

On demand SI broadcast is also supported in NR. However, broadcast consumes large resource compared to dedicated. There is no link adaptation in broadcast and NW have to allocate max resource/power for broadcast.
F1
F2
F3




						


[bookmark: _Toc4157554][bookmark: _Toc4489509][bookmark: _Toc54331736]For resource optimization broadcast of positioning Assistance data should be supported in a selective carrier.

For MBMS services, MBMS Frequency list is used by UE to express its interest in listening to MBMS service in certain MBMS frequencies as shown below in the field description [36.331]. There is also possibility to express priority between unicast and broadcast.
	mbms-FreqList
List of MBMS frequencies on which the UE is receiving or interested to receive MBMS via an MRB or SC-MRB.

	mbms-Priority
Indicates whether the UE prioritises MBMS reception above unicast reception. The field is present (i.e. value true), if the UE prioritises reception of all listed MBMS frequencies above reception of any of the unicast bearers. Otherwise the field is absent.



[bookmark: _Toc54331747]A mechanism like MBMS to express interest in receiving posSIB in certain frequency is realized also for NR positioning.


2.6	Dedicated SI window length for positioning SIB SI messages
By introducing a separate SI window length for the SI messages carrying positioning SIBs, it is possible to configure this window short enough, without consideration of any legacy SIB impact. The SI window length can be set to a value as short as 1ms which gives quite some SI message resources to select from for the SI messages containing positioning SIBs, as illustrated by Figure 1. The short SI window also has the advantage of shortening the acquisition time of multiple segments and also of all positioning SIBs that is of interest for the UE.
[image: ]
Figure 1. Legacy and new SI messages with two different SI window lengths
Observation 1	Feature with a dedicated SI window length for positioning SIB SI messages is capable of increasing the capacity of the SI messages.
[bookmark: _Toc54331748]Flexible SI Window configuration is considered in Rel-17.

2.7	Unicast Tag
The unicast tag discussion was postponed to Rel-17. This is one of the important enhancements needed for flexibly delivering massive amount of AD.  It gives clear design and saves UE power by not having to listen to broadcast when NW intends to deliver a content using RRC connected mode procedure. Further, the UEs which transits to connected mode for obtaining AD via LPP can instead obtain AD from RRC which will save signalling load and latency.

[bookmark: _Toc54331749]Unicast tag is supported to minimize latency and reduce LPP signalling load.

2.8	UE Based Authorization while in Broadcast mode
Currently LMF provides the authorization whether UE should operate in UE-A or UE-B mode. This sort of authorization should be possible also when AD is being delivered using broadcast. It should be deployment preference to allow UE to operate in certain positioning modes. Depending upon 
· the need to actively obtain the measurement results in order to tune the network resource suitable for the UE based beam transmission.
· to be able to save energy (turn off DL PRS beams that are in NLOS or not contributing to positioning measurements)
· Number of UEs, UE distribution in a local geographical area. For example, if there are few UEs in a cell, the DL-PRS beams may be more aligned for these UEs; i.e there is no need to have a complete beam coverage (360 degrees) all the time. The number of neighbor beams can also be minimized.

NW may authorize that UE in certain geographical area (group of cells) to operate in one of the modes; UE-A or UE-B mode. If NW sets UE-A mode, then the UE-B capable UEs may still compute and consume the positioning while providing the measurement results to the NW for PRS overhead management purpose.
[bookmark: _Toc23594577][bookmark: _Toc54331750]Allow a deployment to specify which positioning mode the UE may operate in via broadcast. 
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	From signaling point of view aperiodic PRS is complicated. Serving cell based Aperiodic PRS config can still be possible however aperiodic PRS config for neighbor cell-based config can be complicated.
Observation 2	Time to first fix should be considered in latency studies and any improvements in this area can be studied. Considering TTFF in latency may relax the other core latency requirements for performing measurements and reporting to the location server for positioning computation.
Observation 3	There may be benefit in terms of latency by defining DL-PRS measurements in idle mode. RAN1 should define such measurements and RAN2 should further study and consult with SA2 on measurement reporting from UE for the measurements performed in Idle mode.
Observation 4	Efficient Positioning measurement reporting from idle/inactive and triggering of idle/inactive to connected mode based on positioning measurement config events would need to be explored further.
Observation 5	AMF is one of the important nodes required for IIOT positioning.
Observation 6	For resource optimization broadcast of positioning Assistance data should be supported in a selective carrier.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree that on demand PRS request based upon PRACH request is not supported.
Proposal 2	RAN2 to agree that on demand PRS config modify from UE is not supported.
Proposal 3	RAN2 to request RAN3 to provide solution/signalling for reconfiguring PRS in NRPPa to reduce PRS overhead.
Proposal 4	RAN2 to wait for RAN1 to identify use case and need for aperiodic PRS trigger for serving cell before making final decisions.
Proposal 5	Aperiodic PRS trigger for neighbor cell PRS config is not supported.
Proposal 6	Adopt Rel 16 multi-TRP configurations based on RRC configured RSs for positioning to reduce latency, especially for IIOT.
Proposal 7	RAN2 to consider solutions that would save latency during capability transfer and send an LS to SA2 to provide solution that minimizes latency in retrieving capability from UE to LMF via LPP.
Proposal 8	RAN2 to wait for RAN1 to decide the idle mode DL-PRS measurements.
Proposal 9	UL-SRS transmission is not considered when UE is in idle/inactive mode.
Proposal 10	For IIOT, deploy 5GC as close as possible to RAN in order to minimize latency due to transport.
Proposal 11	A mechanism like MBMS to express interest in receiving posSIB in certain frequency is realized also for NR positioning.
Proposal 12	Flexible SI Window configuration is considered in Rel-17.
Proposal 13	Unicast tag is supported to minimize latency and reduce LPP signalling load.
Proposal 14	Allow a deployment to specify which positioning mode the UE may operate in via broadcast.
 





[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-193237, “New SID on NR Positioning Enhancements”, Qualcomm Incorporated, December 2019. 
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