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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], focusing on a limited list of RAN1-centric objectives. Then, it was updated to include more objectives in RAN1#91e [2]. During the last meetings, there were some agreement made for the positioning for UEs in RRC_INACTIVE state and on-demand PRS as below [3][4]:
	Agreement:
NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1

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.

Agreement:
· The following lists of on-demand DL-PRS parameters are discussed/prepared by RAN1 and provided as input to RAN2:
· List#1: List of parameters for UE-initiated on-demand DL PRS request
· List#2: List of parameters for LMF-initiated on-demand DL PRS request
· For the following lists of on-demand DL-PRS parameters, send an LS to RAN2 to check whether RAN2 would like RAN1 to send the list of parameters and request feedback as early as possible:
· List #3: List of parameters for UE-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
· List #4: List of parameters for LMF-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations

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


In this contribution, we continue to discuss some RAN1 remaining issues of the positioning for UEs in RRC_INACTIVE state and on-demand PRS. 
2. Discussion
Positioning for UE in RRC_INACTIVE state 
[bookmark: _Hlk60832568]In the latest RAN1 meeting, it was agreed that it is beneficial to support SRS for positioning by UEs in RRC _INACTIVE state from RAN1 point of view. Accordingly, a LS with this agreement was sent to RAN2. Regarding this RAN1 agreement, there are two FFS parts needed further discussion.
 There were different views on what type(s) of SRS for positioning is supported by UEs in RRC_INACTIVE state. Some companies suggested to only support periodic or periodic plus semi-persistent SRS for positioning. The main motivation is that the solution is simple, thereby avoiding the complicated design for aperiodic SRS triggering in RRC_INACTIVE state. On the other hand, some other companies had concern on the higher power consumption of periodic SRS transmission for positioning and thought it is conflicted with the motivation of low power consumption to introduce SRS for positioning in RRC_INACTIVE state. Therefore, these companies suggested to support aperiodic SRS for positioning in RRC_INACTIVE state.
Meanwhile, RAN2#115-e meeting made the following agreement for this issue [5]
	Agreement:
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.


From technical point of view, each type of SRS for positioning in RRC_INACTIVE state has its own benefit in some case(s) and also has its own disadvantage(s). Based our evaluation, UL or DL+UL positioning method based on SRS will consume more power than DL positioning method in typical use cases. Even aperiodic SRS for positioning cannot offer low power consumption. Thus, the complexity issue should be the key factor from UE perspective. Following this principle, we have the following proposals.
Proposal 1: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, aperiodic SRS for positioning is not supported in Rel-17.
Considering this issue is very controversial in RAN1, we can also let RAN2 make the decision.  
Proposal 2: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, it is up to RAN2 to determine what types supported in Rel-17 in case it is difficult for RAN1 to achieve consensus on this topic. 
Another open issue is regarding the validation criteria. The main motivation to introduce the validation criteria is to keep the interference due to SRS transmission in RRC_INACTIVE state manageable. In our view, there are at least the following validation criteria should be considered:
· TA:  If the current TA is no longer valid, the SRS signals may lead to inter-symbol interference at network side, thereby degrading the system performance. 
· Path loss measurement:  When UE is moving, the configured pathloss reference signals may suffer large path loss. In this case, UE may increase the transmission power unnecessarily, which may also lead to severe interference for the uplink at network side. 
Based on the above discussions, we propose to at least consider TA and Path loss measurement for the validation criteria:
Proposal 3: Regarding the validation criteria, consider the following factors:
· Timing advance
· Path loss measurement
On-demand PRS
Rel-16 positioning only supports periodic DL PRS. In order to provide more flexibility and reduce DL PRS overhead / latency, Rel-17 introduced a new feature of on-demand PRS.
From the perspective of initiation of on-demand PRS, there are two different types of on-demand PRS for Rel-17 positioning enhancement: UE initiated on-demand PRS and LMF initiated on-demand PRS. According to the RAN2 latest progress, the UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated. 
According the RAN2 LS [6][7], RAN2 requested RAN1 to provide the list of parameters that can be dynamically adjusted for UE-initiated/LMF-initiated on-demand DL PRS request. In RAN1#106-e meeting, there were two lists of parameters discussed for UE-initiated and LMF-initiated, respectively[8]. From our perspective, the parameters will not be different for UE-initiated and LMF-initiated on-demand PRS since the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated. Thus, we propose RAN1 to identify only one list of parameters for on-demand PRS.
Proposal 4: RAN1 identifies one list of parameters for both UE-initiated and LMF-initiated on-demand LD PRS. 
In RAN1#106-e meeting, three parameters ere agreed as below [3]:
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
Due to the limited time for technical discussion, no consensus was made for other parameters. In this section, we continue to discuss what other parameters should be included in the list. 
Obviously, the on-demand DL PRS may not be always available as it is only transmitted based on request from UE/LMF. Thus, the first questions are when the on-demand PRS will start and how long it will be. Accordingly, the following parameters can be requested by UE or LMF:
· the start time and duration (validity window)
In addition, some DL PRS parameters can be potentially requested by UE/LMF:
· Repetition factor: In addition to the periodicity, repetition can control the DL PRS transmission occasions with a smaller granularity. That is to say, by changing the configuration of repetition, the frequency of DL PRS transmissions within a periodicity can be adjusted accordingly. Thus, requesting a different configuration of repetition can potentially improve the positioning accuracy and/or latency as well.
· Number of symbols: Different numbers of symbols for a DL PRS resource will lead to different accuracy of measurement results. In this sense, the configuration of symbol number for a DL PRS resource is an add-on tool on top of the configuration of periodicity and repetition. Thus, it is also beneficial for UE to request a different configuration of symbol number in some cases. 
· Comb size: Comb size impacts the PRS density in frequency domain and it is also related to the measurement accuracy and latency. Thus, it is beneficial for UE to request a different configuration of comb size in some scenarios.
· Muting pattern: The main motivation of muting pattern is to coordinate the DL PRS transmissions from different TRPs and suppress the potential muting interference between different TRPs. For FR2, analog beam is widely used for DL transmission. The location of a UE will determine the good DL Tx beams for the associated TRPs. Thus, when a UE is moving, the good DL Tx beams may be changed, thereby leading to the change of muting interference between these good DL Tx beams. Accordingly, muting pattern can be optimized to better match the muting interference. 
· TRP information: The distance between UE and TRPs may affect the accuracy of positioning measurement. If a UE receives DL PRS from TRP 1-3 with good quality but receives DL PRS from TRP 4 with poor quality, then the DL RS measurement result associated with TRP4 may suffer a large uncertainty. In order to improve the accuracy, the UE may request more DL PRSs from TRP 4. Thus, it would be beneficial to allow UE request on-demand PRS from some given TRP(s). It may also beneficial to recommended the number of TRPs.
· Positioning Frequency layer (PFL) information: In Rel-16 positioning, a UE may be configured with multiple positioning frequency layers. Since different PFLs may be in different frequency bands, the corresponding pathloss and interference may be quite different. As a result, the accuracy of measurement results in different PFL may be varying. From UE perspective, it may request more DL PRS transmission on the FPL(s) that suffers poor radio quality. Thus, it would be beneficial to allow UE request on-demand PRS on some given PFLs. 
Based on the above discussions, we have the following proposal:
Proposal 5: For Rel-17 on-demand PRS, the following additional parameters can be used for the UE/LMF request signaling:
· The start time and duration (validity window)
· Repetition factor
· Number of symbols
· Comb size
· Muting pattern
· TRP information including number of TRPs
· Positioning Frequency layer (PFL) information
3. Conclusion
In this contribution, we presented our views on the positioning for UEs in RRC_INACTIVE state and on-demand PRS from RAN1 perspective. Based on the discussion, the following proposals were made:
Proposal 1: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, aperiodic SRS for positioning is not supported in Rel-17.
Proposal 2: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, it is up to RAN2 to determine what types supported in Rel-17 in case it is difficult for RAN1 to achieve consensus on this topic. 
Proposal 3: Regarding the validation criteria, consider the following factors:
· Timing advance
· Path loss measurement
Proposal 4: RAN1 identifies one list of parameters for both UE-initiated and LMF-initiated on-demand LD PRS. 
Proposal 5: For Rel-17 on-demand PRS, the following additional parameters can be used for the UE/LMF request signaling:
· The start time and duration (validity window)
· Repetition factor
· Number of symbols
· Comb size
· Muting pattern
· TRP information including number of TRPs
· Positioning Frequency layer (PFL) information
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