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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 as below [2]:
	· 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
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 order to support the positioning for UE in RRC_INACTIVE state, RAN1 is responsible for some aspect(s) of the new feature, e.g., positioning measurement in RRC_INACTIVE. Likewise, RAN1 should work on physical layer enhancements to support the new feature of on-demand transmission as well.
Therefore, in this contribution, we will discuss some RAN1-related aspect(s) of the positioning for UEs in RRC_INACTIVE state and on-demand PRS. 
2. Discussion
Positioning for UE in RRC_INACTIVE state 
For Rel-16 positioning, UE will do positioning measurement/report or send SRS for positioning only in RRC_CONNECTED status except for UE-based method positioning for MO-LR case. As a result, the necessary of switching to RRC_CONNECTED for positioning will lead to additional latency and more power consumption. In order to alleviate these disadvantages, it is agreed to support positioning in RRC_INACTIVE state for Rel-17 enhancement of positioning (ePos).  
[bookmark: _Hlk60832568]According to the WID of ePos, UL and DL+UL NR positioning methods have the second priority compared to DL positioning method. Thus, we will focus on DL positioning in this section. 
In TS 38.215, the measurement of DL PRS-RSRP and DL RSTD are only applicable for RRC_CONNECTED state, which are copied as below. 
DL PRS reference signal received power (DL PRS-RSRP)
	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED



DL reference signal time difference (DL RSTD)
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.

Multiple DL PRS resources can be used to determine the start of one subframe from a TP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED


Thus, UE is only required to do the measurement of DL PRS-RSRP and DL RSTD in RRC_CONNECTED state, and is not required to do these measurements when it enters to RRC_INACTIVE state or IDLE state.
Observation 1: DL positioning measurements are only applicable for RRC_CONNECTED state, and not applicable for RRC_INACTIVE state. 
In order to support the positioning for UE in RRC_INACTIVE state, the aforementioned restriction should be removed. That is to say, Rel-17 should support DL positioning measurement in RRC_INACTIVE state. Thus, we have the following proposal:
Proposal 1: Rel-17 NR supports DL positioning measurement in RRC_INACTIVE state, i.e.,
· Measurement of DL PRS-RSRP is applicable for RRC_INACTIVE state
· Measurement of DL RSTD is applicable for RRC_INACTIVE state

On-demand PRS
Rel-16 positioning only supports periodic DL PRS. Network usually has to configure DL PRS with relatively small periodicity in order to meet the highest requirement of all UEs, thereby leading larger overhead of DL PRS. By introducing on-demand DL PRS, network can transmit DL PRS to all UEs with longer periodicity so that the basis requirements of NR positioning are ensured. If some UE requires higher positioning accuracy and/or lower latency, network can transmit additional PRS dedicated to the UE to improve the performance. In this case, the overhead of DL PRS in the whole system can be reduced since the additional PRS are only transmitted from the neighbouring TRPs of the given UE according to the request. On the other hand, on-demand DL PRS can also reduce the latency since it allows UE to carry out more measurements within a given period with more frequent DL PRS. Thus, the new feature of on-demand PRS can offer two advantages:
· Reduction of DL PRS overhead
· Reduction of latency
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
· 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. 
In order to support the functionality, there may be two different alternatives:
· Alt.1: Pre-configuration based solution
· Alt.2:  Non-pre-configuration based solution
In Alt.1, multiple DL PRS configurations are pre-configured / signaled. For UE-initiated procedure, UE will report the preferred DL PRS configuration(s) (e.g., via an index) to LMF, and then LMF will indicate gNB/TRP to activate the requested DL PRS configuration. The main advantages of this approach are as below:
· Procedure and signaling design for the on-demand request and the change of PRS are simple
· It can avoid the complicated interaction between LMF and gNB for the negotiation of PRS configuration, which may lead to higher latency
On the other hand, Alt.1 also has some disadvantages:
· It will lead to more signaling overhead to pre-configure multiple DL PRS configurations
· It may suffer less flexibility as it can only select/request one out of the pre-configured ones and cannot change some specific parameters
In contrast, Alt.2 can offer more flexibility by allowing UE/LMF to request the change of some specific parameters. Accordingly, Alt.2 has to pay some cost:
· More complicated signaling design to support the request for the change of some specific parameters
· More complicated negotiation between LMF and gNB to activate some PRS configuration(s)  
As the first step, we need to down select one of these two alternatives to move forward.
Proposal 2: For Rel-17 on-demand PRS, down select one of the following alternatives:
· Alt.1: Pre-configuration based solution
· Multiple DL PRS configurations are pre-configured/signaled
· UE requests an on-demand PRS by indicating its preferred DL PRS configuration(s) (e.g., via an index)
· LMF indicates gNB/TRP to activate one of these DL PRS configurations
· Alt.2:  Non-pre-configuration based solution
· UE requests an on-demand PRS by indicating its preferred value(s) of some DL PRS parameter(s)
· LMF indicates gNB/TRP to apply a DL PRS configuration with some given value(s) for some DL PRS parameter(s)

For Alt.2, the main open issue is what parameters can be requested by UE or LMF. UE/LMF may want to change the PRS due to various factor, e.g., better positioning accuracy, lower measurement latency and so on. 
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:
· 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).
· 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.
· Periodicity: More frequent DL PRS transmission in a short period can offer more opportunities for UE to get more measurement samples, and UE can improve the measurement accuracy or positioning accuracy by utilizing more samples, e.g., average of more samples for the reported result. Moreover, more frequent DL PRS transmission can reduce the latency of positioning measurement as well.
· Repetition: 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. 
· Bandwidth: It is well-known that the bandwidth of DL PRS will limit the resolution of DL positioning measurement, leading to an upper bound of positioning accuracy. Thus, a proper configuration of bandwidth will heavily impact the positioning performance in practical deployment. Accordingly, it is beneficial for a UE to request a larger bandwidth of DL PRS for better positioning accuracy. On the other side, in order to save the power consumption, a UE may also request a smaller bandwidth of DL PRS if the positioning performance can be ensured, e.g., when UE is near to the associated TRPs.
· 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. 
· QCL information: For FR2, analog beam is widely used for DL transmission. Thus, when a UE is moving, the suitable beam from a given TRP may be changed. In practical deployment, UE will know better information of the DL Tx beams than LMF. Thus, it would be beneficial to allow UE to request the update of QCL information for some DL PRS resource(s)
Some other parameter(s) of DL PRS can also be considered for further optimization. Based on the above discussions, we have the following proposal:
Proposal 3: For Rel-17 on-demand PRS, the following parameters can be considered for the UE/LMF request signaling:
· the start time and duration (validity window)
· TRP information
· Positioning Frequency layer (PFL) information
· Periodicity
· Repetition
· Number of symbols
· Bandwidth
· Muting pattern
· QCL 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 observations and proposal were made:
Observation 1: DL positioning measurements are only applicable for RRC_CONNECTED state, and not applicable for RRC_INACTIVE state. 
Proposal 1: Rel-17 NR supports DL positioning measurement in RRC_INACTIVE state, i.e.,
· Measurement of DL PRS-RSRP is applicable for RRC_INACTIVE state
· Measurement of DL RSTD is applicable for RRC_INACTIVE state
Proposal 2: For Rel-17 on-demand PRS, down select one of the following alternatives:
· Alt.1: Pre-configuration based solution
· [bookmark: _GoBack]Multiple DL PRS configurations are pre-configured/signaled
· UE requests an on-demand PRS by indicating its preferred DL PRS configuration(s) (e.g., via an index)
· LMF indicates gNB/TRP to activate one of these DL PRS configurations
· Alt.2:  Non-pre-configuration based solution
· UE requests an on-demand PRS by indicating its preferred value(s) of some DL PRS parameter(s)
· LMF indicates gNB/TRP to apply a DL PRS configuration with some given value(s) for some DL PRS parameter(s)
Proposal 3: For Rel-17 on-demand PRS, the following parameters can be considered for the UE/LMF request signaling:
· the start time and duration (validity window)
· TRP information
· Positioning Frequency layer (PFL) information
· Periodicity
· Repetition
· Number of symbols
· Bandwidth
· Muting pattern
· QCL information
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