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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 thoroughly discussed. Meanwhile, some other items led by RAN2 but relevant with RAN1 have also been discussed in RAN1#106-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. 
Positioning in RRC_INACTIVE state
1.1 UL/DL+UL positioning
In RAN1#106e meeting, the following agreements and conclusion have been achieved for UL/DL+UL positioning [2].
	Agreement:
From RAN1 perspective, it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria
· FFS: Type(s) of SRS for positioning (i.e., periodic, semi-persistent, aperiodic)
· FFS: Details of validation criteria which may also be discussed in RAN2
· Send LS to RAN2 informing them of this agreement
Agreement:
Open loop power control defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.
 
Agreement:
Spatial relation defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.
 
Conclusion:
It is up to RAN2 to define TA procedures for SRS for positioning transmission by RRC_INACTIVE UEs.


Meanwhile, the following agreement is achieved.
	Agreement in RAN2#115e:
gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed. 


It can be observed that SRS would be supported in UE RRC_INACTIVE state for UL-TDOA, Multi-RTT and UL-AoA positioning methods as what have been agreed in Rel-16. Some proposals such as using PRACH for UL positioning measurements were mentioned before. However, whether positioning accuracy requirement can be satisfied by smaller bandwidth PRACH has never be evaluated. So we don’t think it should be supported in this release considering limited budget in Rel-17. 
For SRS configuration parameters, as shown in above RAN1 agreement, the existing Rel-16 RRC structure will be reused to minimize specification effort. The only remaining issue in RAN1 is to recommend which SRS domain type(s) should be supported from RAN1 perspective. Then, based on RAN1’s feedback, RAN2 can further assess whether RAN1’s decision is feasible.
In our view, if UE is in SDT active period, there may not be much difference from RRC_CONNECTED state since both DL and UL data/RS transmission is allowed. Hence, we think all of periodic, semi-persistent and aperiodic SRS should be supported for UEs at least in SDT active period which still belongs to RRC_INACTICE state. As for how to inform positioning SRS configuration for UEs in RRC_INACTIVE, we think it is up to RAN2. For instance, positioning SRS configuration can be carried by DL SDT (small data transmission), e.g. by SDT initial access Message 4 or Message B for the sake of low latency, or by RRCRelease with SuspendConfig as shown in above RAN2 agreement, or reuse SRS configuration informed in RRC_CONNECTED state.
· For periodic SRS, it is highly applicable when periodic event is configured as shown in above RAN2 agreement. Once configured, UE should periodically transmit SRS in RRC inactive state even outside SDT active period. 
· For semi-persistent SRS, it is more flexible than periodic SRS, RRCRelease with SuspendConfig can activate SRS transmission. Alternatively, DL SDT can carry MAC CE to activate or deactivate SRS transmission in SDT mode as the same as RRC connection signaling.
· For aperiodic SRS, it is the most flexible and more suitable way for aperiodic event for saving RS overhead. DL SDT can carry DCI to trigger SRS transmission the same as RRC connection signaling. Thus, aperiodic SRS transmission should only happen in SDT active period. 
Proposal 1: From RAN1 perspective, support all of periodic, semi-persistent and aperiodic SRS transmission in RRC_INACTIVE state
· How to inform positioning SRS configuration should be up to RAN2

1.2 DL positioning
For DL positioning in RRC_INACTIVE state, the following agreements were made in RAN2#114-e meeting [3]:
	Agreements in RAN2#114e:
Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 
Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:
-	If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 
-	Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 
 
Agreements in RAN2#114e:
Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.


As it has been agreed that RRC state is not exposed to LMF, we think there is no much RAN1 work on DL positioning for UE in RRC_INACTIVE state. In Feature Lead summary of RAN1#106e meeting, some items were listed for study (not agreed), we provide our views on some bullets in this section. 
· Validity criteria of DL PRS configuration
The validity criteria of DL PRS configuration may be benefit for latency reduction if DL PRS configuration can be valid in a certain area, e.g. RNA or with a validity condition as PRS reconfiguration is not needed within the same area or the same validity condition. However, it is clear that this issue is RAN2 work. It is already under discussion in RAN2 post-meeting email discussion named as ‘[Post115-e][608][POS] PRS configuration and measurement in RRC_INACTIVE’. So we don’t think it should be discussed further in RAN1.
Observation 1: Validity criteria of DL PRS configuration is under discussion in RAN2 post-meeting email. No RAN1 discussion is needed. 
· Relationship between DL PRS measurement BW and initial DL BWP
· Reception of DL PRS and other DL signals/channels in the same symbol
In Rel-16, DL PRS is only measured within the dedicated measurement gap, there is no issue for collision between DL PRS measurement and active DL BWP including initial DL BWP, and no issue for reception of DL PRS and other DL signals/channel in the same symbol, as all other signals/channels would not be received by UE in the configured measurement gap. 
In Rel-17, for UE positioning measurement in RRC_INACTIVE state, to avoid collision between DL PRS measurement and reception of other DL signals/channels, one solution is to support measurement gap in RRC_INACTIVE state. However, in RAN4#100e meeting [4], it has been agreed not to consider measurement gap in RRC_INACTIVE state as shown as follows:
	Agreements in RAN4#100e:
MG is not to be considered in the measurement period requirements in RRC_INACTIVE state.


Hence other solutions should be discussed from RAN1 perspective to solve the collision issues. In our view, a straightforward solution is to indicate UE whether DL-PRS measurement is prioritized or deprioritized over other DL signals/channels in SDT transmitting BWP. The priority indicator can be configured by serving gNB via RRCRelease with SuspendConfig. For instance, if DL-PRS measurement is prioritized indicated by the priority indicator, UE will not measure other signals/channels at least during DL-PRS reception period. Otherwise, UE will not measure DL-PRS in the collision time. 
Proposal 2: Collision issue between DL-PRS and other signals/channels in SDT active period should be solved
· Serving gNB can indicate to prioritize or deprioritize DL-PRS over other signals/channels in DL SDT BWP 

· UE capability for NR DL positioning support by RRC_INACTIVE UEs
As aforementioned, it has been agreed in RAN2 that RRC state is not exposed to LMF. That is, LMF will not be aware of whether UE is in RRC_INACTIVE or RRC_CONNECTED state, and gNB is not aware of NAS signaling including location request signaling or assistance data via LPP. Hence, it does not make sense to introduce an optional UE capability reported to either LMF or gNB that the UE supports NR DL positioning in RRC_INACTIVE state.
· If such UE capability is reported to LMF, what do we expect LMF do? LMF even does not know whether UE is in RRC_INACTIVE state or not, so LMF cannot implement any operation corresponding to UE’s RRC states. 
· It is also inappropriate to report such UE capability to serving gNB because gNB does not decode LPP message, and it is not aware whether location request has been initiated or not. That is, gNB cannot trigger DL-PRS measurement and report no matter UE is in RRC_INACTIVE or RRC_CONNECTED. It is meaningless for UE to report such UE capability to gNB. 
In our view, a UE can be deemed to support NR DL positioning in RRC_INACTIVE state if it supports both SDT feature and DL/DL+UL positioning method. Specifically, if UE supports SDT feature, it implies that the UE can report DL-PRS measurement results via UL-SDT transparently to gNB without any extra UE capability dedicated for positioning. In other words, the UE capabilities of DL positioning designed for UE in RRC_CONNECTED state are also applied to UE in RRC_INACTIVE sate. 
Proposal 3: Do NOT support an additional UE capability for NR DL positioning in RRC_INACTIVE

On-demand DL PRS 
During RAN2#114-e meeting, RAN2 sent an LS to request RAN1 to define and specify parameters for support of on-demand DL-PRS request. 
In RAN1#106e meeting, RAN1 had agreed the following three parameters while some others are still needed to be discussed [2].
	Agreement:
At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
Conclude on remaining parameters at RAN1#106-bis-e


From our view, besides above agreed ones, the following parameters should also be considered for DL-PRS configuration information of on-demand PRS. 
· Preferred DL PRS transmission time window 
Based on the current DL PRS measurement design, the transmission time of DL PRS may be outside measurement gaps so that UE may not have the chance to measure the corresponding DL PRS. In order to align the transmission time of DL PRS and measurement gaps, one possible way is that LMF can request TRPs/gNBs to transmit preferred DL PRS in an expected time window, then serving gNB and neighbour gNBs can configure and transmit PRS within the recommended time window. Further, serving gNB can configure measurement gap overlapping with the time window. In general, it will facilitate UE to receive DL PRSs from both serving gNB and neighbour gNBs in measurement gaps. 
Moreover, UE can recommend LMF this DL-PRS transmission window in UE initiated on-demand PRS request based on its RAN side configuration, e.g. TDD slot format configuration, time location of important URLLC traffic. Then LMF can request proper DL-PRS configuration in order to avoid collision between DL-PRS and UL slots/URLLC transmission. Hence, UE can request LMF to configure DL PRS in an expected time window. Because UE is aware of its measurement gap configuration, UE can request the preferred PRS transmission time window overlapping with the configured measurement gap. 
Furthermore, in Rel-16, only periodic PRS is supported which is inflexible from system efficiency perspective since network needs to always transmit PRS even the positioning measurements are not needed sometimes. Thus, we propose to support aperiodic PRS for on-demand DL-PRS transmission. That is, a UE or LMF can request either aperiodic (one-shot or multi-shot PRS) or periodic DL-PRS transmission. Thus, the window parameters can further contain the request number N of transmission window occasions as shown in Figure 3. For instance, N = 3 refers to UE/LMF only requires PRS transmission within 3 window occasions.
Like the property of measurement gap, configuration parameters of the PRS transmission time window recommended by LMF or UE can include window periodicity P, time offset O, and window duration/length L as shown in Figure 3. As we have agreed UE can request DL PRS periodicity and offset which have the similar functionality, we propose to agree the window length and the number of window occasions as the request parameters of the transmission window. 
[image: ]
Figure 3 LMF/UE request PRS transmission window
Proposal 4: On-demand DL-PRS request should include the preferred transmission time window within which DL PRS is transmitted
· [bookmark: _GoBack]The time window parameters include window length and the number of window occasions

· Parameters for frequency layer configuration
For PRS transmission, it is preferred that UE or LMF can recommend the features of frequency layer. The parameters should at least include PRS BW (has been agreed), PRS comb size and CP type which have impact on positioning accuracy, measurement observation window, PRS power boosting, etc. 
· Parameters for TRP configuration
· UE or LMF can recommend which TRPs are preferred, and should be included in the on-demand DL-PRS request, or can be removed from the measurement TRP list 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 and PRS resource configuration
· Transmit power 
UE/LMF can also recommend preferring transmit power of PRS resource set for either increasing PRS coverage or network energy saving.   
· PRS resource repetition factor
· Number of PRS symbol
Similarly as transmit power, UE/LMF can recommend preferring PRS resource repetition factor or the number of PRS symbols for either increasing PRS processing gain or PRS overhead reduction.
Proposal 5: The following PRS parameters can also be included in the on-demand PRS request by LMF/UE. 
· Parameters for frequency layer configuration including PRS comb size and CP type
· A list of preferred TRP ID
· Parameters for PRS transmit power, PRS resource repetition factor, the number of PRS symbols
Furthermore, we think the current hierarchical structure of PRS assistance data IE can be reused for the new LPP assistance data IE which contains a set of possible on-demand DL-PRS configurations. Hence, only limited specification effort is needed. 

Conclusions
In this contribution, we provide our views from RAN1 perspective for DL positioning in RRC INACTIVE state and on-demand DL PRS.
Observation 1: Validity criteria of DL PRS configuration is under discussion in RAN2 post-meeting email, no RAN1 discussion is needed. 

Proposal 1: From RAN1 perspective, support all of periodic, semi-persistent and aperiodic SRS transmission in RRC_INACTIVE state
· How to inform positioning SRS configuration should be up to RAN2

Proposal 2: Collision issue between DL-PRS and other signals/channels in SDT active period should be solved
· Serving gNB can indicate to prioritize or deprioritize DL-PRS over other signals/channels in SDL BWP 

Proposal 3: Do NOT support an additional UE capability for NR DL positioning in RRC_INACTIVE
Proposal 4: On-demand DL-PRS request should include the preferred transmission time window within which DL PRS is transmitted
· The time window parameters include window length and the number of window occasions

Proposal 5: The following PRS parameters can also be included in the on-demand PRS request by LMF/UE. 
· Parameters for frequency layer configuration including PRS comb size and CP type
· A list of preferred TRP ID
· Parameters for PRS transmit power, PRS resource repetition factor, the number of PRS symbols
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