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Introduction
[bookmark: _Hlk57059510]In RAN-91 meeting, the work item of NR Positioning enhancements [1] was approved. The detailed specific objectives on on-demand PRS and positioning for UEs in RRC_INACTIVE state can be seen as follows:
· [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; 
Agreements on on-demand DL PRS and UE in RRC_INACTIVE state in RAN1-106 e-meeting can be seen as follows [2].
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:
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.
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 focus on methods/measurements/signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions.  
Positioning for UE in RRC_ INACTIVE state
In Rel-16 positioning, most discussions focus on connected UE. But there are some cases in which positioning for idle/inactive UE is necessary too. For example the IoT device, such as children’s watch with tracking function. In this scenario, periodic positioning for idle UE is needed. If only positioning for connected UE is supported, the UE needs to switch between idle and connected mode frequently. That will introduce high signaling overhead and UE power consumption. Thus positioning for inactive UE should be supported.
Currently, the PRS configuration was provided to UE by a LPP message from LMF or by the positioning system information broadcasted by gNB for specific positioning methods. However, for LPP message, the inactive UE can’t directly receive the LPP message. Considering the PRS configuration does not change frequently, the PRS configuration could be pre-configured when the UE is in connected state. For example, the PRS configuration can be provided to UE by LPP message from LMF or by RRC/MAC CE/ DCI from gNB when UE is in connected state and then UE can apply the PRS configuration when UE transmits to inactive state. 
Proposal 1: Consider to pre-configure the PRS for inactive UE when UE in connected mode.
Since for RRC_INACTIVE UE, the initial DL BWP is almost a BWP with small bandwidth. But in order for the positioning accuracy, the bandwidth for PRS must be larger. Thus we prefer that UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP.    
Proposal 2: UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP.
According to the agreement in RAN1-106bis e-meeting [3], in RRC_INACTIVE state, reception of DL PRS has low priority than other DL signals/channels. As for how to determine conflicts in DL PRS and other DL signals/channels reception, we think it is similar to define it as that in RRC_CONNECTED state. Two options listed below can be supported for conflict determination. 
Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback

· Option 1: conflict is determined only when DL signals/channels in the PRS symbols.
· Option 2: conflict is determined when DL signals/channels in any symbols inside the PRS processing window.
And one of two options is supported according to UE capability.
Proposal 3: one of two options is supported for conflict determination according to UE capability:
· Option 1: conflict is determined only when DL signals/channels in the PRS symbols.
· Option 2: conflict is determined when DL signals/channels in any symbols inside the PRS processing window.
As for the SRS validity in RRC_INACTIVE state, for OLPC of SRS for positioning, we prefer to reuse validity criteria for pathless measurement defined for RRC_CONNECTED UEs in Rel.16 as well as the spatial relation of SRS. If it is not valid, it is better to obtain the new SRS configuration by entering RRC_CONNECTED state or by SDT mechanism when staying in RRC_INACTIVE state.
Proposal 4: Reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid. If not valid, obtain new SRS configuration by entering RRC RRC_CONNECTED state or by SDT mechanism in RRC_INACTIVE state.
In order to support UL and DL&UL positioning methods for inactive UE, RACH procedure can be reused. And preamble can be used as UL positioning reference signal. Considering the PRACH resource and preamble for random access usage and positioning usage, it is possible to configure both common PRACH resource/preamble and dedicated PRACH resource/preamble for positioning usage. In order to support DL&UL positioning method, PUSCH in Msg.3 of 4-step RACH and PUSCH in Msg. A of 2-step RACH can be used to indicate the time difference between reference signal reception and transmission at UE side. However, there is one problem for inactive UE. Since multi-TRP is required to support positioning, it is necessary to send independent preamble to multi-TRPs for beam specific UL positioning reference signal. In order to reduce the positioning latency and improve the positioning accuracy, it is better to send more than one preamble to each TRP with different beam. And the beam is same as the detected SSB from each TRP. But if more than one preamble is sent to a TRP, it may introduce impacts on efficiency of random access and high UE power consumption. Thus we propose to limit the number of SSBs referring to which the preamble is sent in each TRP. However, it is easy to differentiate TRPs from different cell. But if there are more than one TRP in a cell, it is difficult to differentiate the SSBs from different TRPs.  From our point of view, it is better to indicate UE the TRP index of each SSB. It can be indicated by both explicit and implicit signaling.
[bookmark: _GoBack]Proposal 5: Random access procedure can be reused for UL and DL&UL positioning of RRC_INACTIVE UE.
Proposal 6: Random access preamble can be reused as UL reference signal for RRC_INACTIVE UE.
Conclusion
In this contribution, we discussed about methods/measurements/signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions. Based on above discussion, we provide the following proposals.
Proposal 1: Consider to pre-configure the PRS for inactive UE when UE in connected mode.
Proposal 2: UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP.
Proposal 3: one of two options is supported for conflict determination according to UE capability:
· Option 1: conflict is determined only when DL signals/channels in the PRS symbols.
· Option 2: conflict is determined when DL signals/channels in any symbols inside the PRS processing window.
Proposal 4: Reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid. If not valid, obtain new SRS configuration by entering RRC RRC_CONNECTED state or by SDT mechanism in RRC_INACTIVE state.
Proposal 5: Random access procedure can be reused for UL and DL&UL positioning of RRC_INACTIVE UE.
Proposal 6: Random access preamble can be reused as UL reference signal for RRC_INACTIVE UE.
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