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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A Rel-17 work item on NR positioning enhancements is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. Some of the specific objectives of the work item are [2]:
	· [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



In RAN1#105e, the following related agreements were made:
	· For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· Number of DL PRS symbols per DL PRS resource
· DL PRS muting patterns
· DL PRS QCL information
· Number of TRPs
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· Comb size, start PRB, Point A of DL PRS
· ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request

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




This contribution discusses the potential enhancements to support positioning for UEs in RRC_ INACTIVE state and on-demand PRS.
2. Discussions
Positioning for UEs in RRC_INACTIVE state
SRS for positioning transmission when the UE in RRC_INACTIVE state was discussed in RAN1#105e. Supporting SRS when the UE in RRC_INACTIVE state can be beneficial to reduced UE power consumption. In this case, the UE does not necessarily need to change its state to RRC_CONNECTED state to transmit SRS for positioning.
In order to support SRS for positioning transmission when the UE in RRC_INACTIVE state, the UE should know the configuration of SRS for positioning. The UE has limited communication with gNB when the UE is in RRC_INACTIVE state. We consider the UE should receive the configuration of SRS for positioning prior performing SRS transmission in RRC_INACTIVE state. Realistically, the UE should receive the configuration of SRS positioning when the UE is in RRC_CONNECTED state.
Proposal 1: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 

When the UE in RRC_CONNECTED state, the UE can also be configured the scheduling of SRS for positioning transmission during RRC_INACTIVE state. This may require the network / application to know in advance on when the positioning measurement / estimation can be carried out. Alternatively, particularly to the case where the network/application require sporadic UE positioning estimation, the UE can receive the positioning request in the paging message. Upon reception of the positioning request, the UE transmit SRS for positioning. The detail signalling and/or paging message format should be decided by RAN2.
Proposal 2: Support positioning request in paging message to enable SRS for positioning transmission in RRC_INACTIVE state. The details are to be defined by RAN2. 

On-demand PRS
On-demand PRS transmission can be used to enhanced positioning accuracy, reducing latency and also improving network efficiency. Positioning accuracy can be enhanced by providing PRS transmission in certain beam shape/direction and providing more PRS resources in a certain time allocation. PRS transmission in a certain direction can also improve the network efficiency since there is no need to transmit PRS in all directions (e.g. beam sweeping). Additionally, positioning latency can be reduced by allowing on-demand PRS in a form of aperiodic PRS transmission. In the legacy PRS transmission, PRS transmission periodicity can be quite long depending on the configured periodicity parameter. A long PRS transmission periodicity may increase the latency. Aperiodic PRS transmission that is requested by the UE / LMF at a given specific time can be beneficial to reduce latency.
On-demand PRS corresponds to the UE-initiated or network-initiated request of PRS transmission. In the context of UE-initiated, the UE can request on-demand PRS transmission to LMF and additionally, the UE provides assistance information to assist LMF in providing proper on-demand PRS configuration to the selected TRPs. The LMF triggers the selected TRPs to transmit on-demand PRS. The assistance information from the UE can be at least the following parameters:
· Bandwidth of PRS transmission. A wider PRS bandwidth is basically indicating the UE has a need of accurate positioning.
· Beam direction/PRS resource ID from a specific TRP. This would facilitate LMF to indicate the corresponding TRP to transmit PRS in certain beam direction.
· List of specific TRPs. This can be the selected TRPs that can participate to provide on-demand PRS transmission.
· Timing information for on-demand PRS transmission. This provide indication when the on-demand PRS is expected to be received by the UE.
· Selected frequency layer(s) / PRS resource-set
In the context of network-initiated, the LMF can trigger the selected TRPs to transmit on-demand PRS and inform the UE on the scheduling of on-demand PRS transmission. The LMF may have collected information on the selected TRPs and the associated beam direction to transmit on-demand PRS. The collected information can be the previous positioning measurement (e.g. based on regular PRS transmission) and/or other measurement, such as RSRP measurement of the selected TRP(s).
Proposal 1: For both UE- and LMF- initiated on-demand DL PRS request, the assistance information with at least the following parameters are supported:
· Bandwidth of PRS transmission.
· Beam direction(s) that can be in a form of PRS resource ID(s)
· List of TRP(s)
· Timing information for on-demand PRS
· Selected frequency layer(s) and PRS resource-set(s)

 

3. Conclusion
In this contribution, we discuss the potential enhancements to support positioning for UEs in RRC_ INACTIVE state and on-demand PRS.  
Proposal 1: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 
Proposal 2: Support positioning request in paging message to enable SRS for positioning transmission in RRC_INACTIVE state. The details are to be defined by RAN2. 
Proposal 3: For both UE- and LMF- initiated on-demand DL PRS request, the assistance information with at least the following parameters are supported:
· Bandwidth of PRS transmission.
· Beam direction(s) that can be in a form of PRS resource ID(s)
· List of TRP(s)
· Timing information for on-demand PRS
· Selected frequency layer(s) and PRS resource-set(s)
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