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[bookmark: OLE_LINK1]Introduction
In RAN#91e meeting, more items were added in the WID for NR positioning [1]. Some items led by RAN1 have been discussed in RAN1#104-e and 104b-e meeting. Meanwhile, some other items led by RAN2 but relevant with RAN1 have also been discussed in RAN2#113b-e meeting, mainly including the fourth and fifth bullets as below, i.e. positioning for UEs in RRC inactive state, and on-demand transmission and reception of DL PRS. 
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
1 Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· 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; 

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.

· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 


In this contribution, we provide our views from RAN1 perspective for the bullets led by RAN2 but very relevant with RAN1. Our views on those bullets led by RAN1 can be found in our companion contributions in other parallel agenda items of Rel-17 positioning.
Positioning in RRC inactive state
As described in the fourth bullet of the above agreed WID, discussion on UL and DL+UL NR positioning method in RRC inactive state has low priority. It depends if there is enough time at the later stage of Rel-17. Thus, we only provide our views in this contribution for NR DL positioning methods in RRC inactive state. 
Depending on whether location service is triggered by LMF or UE, there are mainly two cases for DL positioning method. 
MO-LR service
If UE triggers location service, the DL positioning procedure can reuse small data design which is under discussion in RAN2. The general procedure can be shown in Figure 1. 
To minimize specification effort, Rel-16 mechanism with broadcast assistance data request and delivery shown in step 1 and step 2 respectively can be reused. After get assistance data, UE can measure DL PRS accordingly, and then to report measurement results (provide location information) to LMF via small data transmission mechanism which depends on the outcome of SDT agenda in RAN2, e.g. UE reports measurement results via UL resources in or after initial access message A or message 3. It is noted that step 1 may not be necessary if UE can receive on-going broadcast assistance data. In addition, when UE is RRC inactive state, UE may also receive DL PRS configured in RRC connected state. This could also have small specification impact without requiring step 1 and step 2 in Figure 1.
If UE dedicated assistance data is also supported, UE firstly needs to request dedicated assistance data via SDT, and then receive the dedicated assistance data and further reports measurement results. All three steps are still in RRC inactive state.   
In our view, these procedures seem RAN2 issue, there may not be RAN1 discussion needed. 
[image: ]
Figure 1 UE triggers DL positioning procedure
MT-LR service
If LMF triggers location service, the procedure will be different from Figure 1 since gNB has to trigger UE accessing SDT in RRC inactive state firstly. 
As shown in Figure 2, because LMF cannot directly communicate with UE which is in RRC inactive state, LMF should firstly send location request to gNB in step 1, then gNB triggers UE being small data transmission for positioning. Since positioning request may only be triggered for a few of UEs of a cell, paging message is a good choice to trigger positioning procedure via SDT for UEs in RRC inactive state. In step 3, gNB can broadcast assistance data as the same as Rel-16, then UE does the measurement and provide location information via SDT procedure in RRC inactive state. 
[image: ]
Figure 2 LMF triggers DL positioning procedure
In the above procedure, how to trigger UE being SDT for positioning in RRC inactive state should be discussed in RAN1 since paging related signalling, e.g. DCI scrambled by P-RNTI may be involved. 
Proposal 1: For NR DL positioning method, if LMF triggers location request (or MT-LR) for UE in RRC inactive state, RAN1 should discuss how gNB triggers UE to provide location information via SDT.

On-demand DL PRS
Generally, on-demand DL-PRS allows a UE or LMF to request/suggest/recommend DL-PRS transmission for positioning measurements or a change of DL-PRS configurations, e.g. increasing bandwidth, selection of frequency layers and/or TRPs. The motivation is to improve system efficiency, reduce positioning latency. 
The main difference between UE-initiated PRS request and LMF-initiated PRS request is on which side triggers the PRS transmission or a change of PRS configurations, while these two solutions can share a common procedure as shown in Figure 3. 
[image: ]
Figure 3 Procedure of on-demand PRS 
In Figure 3, UE or LMF may request/suggest/recommend some parameters of PRS configuration based on previous measurement quality in step 1 or step 2. It is noted that step 1 is unnecessary for LMF initiated PRS request. It can be observed the procedure shown in Figure 3 should be handled by RAN2, but the potential parameters of PRS configuration requested by UE or LMF should be discussed in RAN1. 
In Rel-16, only periodic PRS is supported which is inflexible from system efficiency perspective since networks need to always transmit PRS even the positioning measurements are not needed sometimes. Thus, we propose to support aperiodic PRS (or one-shot PRS) for on-demand DL-PRS transmission. That is, a UE or LMF can request either aperiodic or periodic DL-PRS transmission. 
Besides the time domain attribute, i.e. aperiodic or periodic, we think the requested/suggested/recommended PRS parameters should include the following parameters for the sake of more flexibility
· Parameters for frequency layer configuration
· UE or LMF can recommend what kind of frequency layer is preferred for PRS transmission. The parameters can include SCS, BW, Point A, etc. as described in 37.355
· Parameters for TRP configuration
· UE or LMF can recommend which TRPs are preferred for PRS transmission and measurement, e.g. only TRPs nearby UEs are recommended by LMF or UE for more accuracy positioning and lower PRS overhead.
· Parameters for PRS resource set configuration
· Parameters for PRS resource configuration
· In FR2, one PRS resource may correspond to one beam. So UE or LMF can only recommend some preferred beam directions for PRS transmission for the sake of lower PRS overhead and higher transmission efficiency.
· Parameters for time domain attribute 
· LMF or UE can request either aperiodic or periodic PRS
· For aperiodic PRS, the expected PRS transmission time can be included
· For periodic PRS, the periodicity and slot offset should be included
Proposal 2: RAN1 should discuss and consider the following PRS parameters which can be requested/suggested/recommended by UE or LMF. 
· Parameters for frequency layer configuration
· Parameters for TRP configuration
· Parameters for PRS resource set configuration
· Parameters for PRS resource configuration
· Parameters for time domain attribute including aperiodic or periodic PRS

Conclusions
In this contribution, we provide our views from RAN1 perspective for DL positioning in RRC inactive state and on-demand DL PRS.
Proposal 1: For NR DL positioning method, if LMF triggers location request (or MT-LR) for UE in RRC inactive state, RAN1 should discuss how gNB triggers UE to provide location information via SDT.
Proposal 2: RAN1 should discuss and consider the following PRS parameters which can be requested/suggested/recommended by UE or LMF. 
· Parameters for frequency layer configuration
· Parameters for TRP configuration
· Parameters for PRS resource set configuration
· Parameters for PRS resource configuration
· Parameters for time domain attribute including aperiodic or periodic PRS
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