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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 [1]:
	· [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#106e meeting, the following related agreements were made [2]:
	· 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

· 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


 



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
Transmission of SRS for positioning when the UE in RRC_INACTIVE state was discussed in RAN1#106e. 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. RAN1 agreed that it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning. SRS for positioning can be transmitted in various types, such as periodic, aperiodic, and semi-persistent transmission. We consider each type can be use specific use-cases. SRS for positioning with periodic transmission can be used to periodically track a UE positioning estimate. SRS for positioning with aperiodic transmission can be used in case the location server (LS) wants to locate a UE spontaneously. Similarly, semi-persistent SRS for positioning transmission would enable a spontaneous UE localisation for a given time within certain duration of time. It would be beneficial to support these transmission types so that many positioning use-cases can be accommodated.
Observation 1: Supporting various types of SRS for positioning can enable many positioning use-cases. 
Proposal 1: Support periodic, aperiodic, and semi-persistent SRS for positioning in RRC_INACTIVE state.
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. During RRC_INACTIVE state, The UE has limited communication with gNB. 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. It can be the same configuration as when the UE transmits SRS for positioning when the UE is in RRC_CONNECTED state. Furthermore, the UE also need to receive an indication or activation of SRS transmission for positioning during RRC_INACTIVE state. This indication can be part of the RRC Release message.
Proposal 2: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 
Proposal 3: The configuration of SRS positioning can contain the activation for a UE to transmit periodic SRS positioning when the UE is in RRC_INACTIVE state.

When the UE in RRC_CONNECTED state, the UE can be configured to transmit periodic 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. Another use-case, particularly to the case where the network/application require sporadic UE positioning estimation, the UE can be triggered to transmit aperiodic or semi-persistent SRS during RRC_INACTIVE state. The UE can receive the positioning request in the paging message or any downlink transmission during RRC_INACTIVE state (e.g. RACH procedure, SDT). 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 4: The UE can be triggered to transmit aperiodic SRS / semi-persistent SRS in RRC_INACTIVE state by the reception of downlink transmission in RRC_INACTIVE state (e.g. paging message, RACH procedure, SDT). The details are to be defined by RAN2. 
The SRS transmission for positioning during RRC_INACTIVE state should also consider some aspects, such as the SRS transmission does not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality (i.e. at least the TRP can obtain a good positioning measurement result). We consider some validation criteria should be introduced so that the transmitted SRS when the UE is in RRC_INACTIVE state can be measured by the TRPs. During RRC_INACTIVE state, a UE may move to a new cell. A new cell or a new group of cells may have different SRS for positioning configuration. Hence, the SRS configuration that has been obtained by the UE (i.e, when the UE is in CONNECTED state) may no longer valid. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.
Observation 2: The SRS transmission in RRC_INCATIVE state should not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality. 
Proposal 5: Support to introduce validation scheme when the UE can transmit SRS for positioning in RRC_INACTIVE state. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.

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. This has been agreed in RAN1#106e meeting.
· 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 6: For both UE- and LMF- initiated on-demand DL PRS request, the assistance information with at least the following parameters is supported:
· 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)

On-Demand PRS for two-stage beam sweeping
We consider two-stage beam sweeping is beneficial to improve positioning accuracy, especially with the operation of on-demand PRS. In our view, beam sweeping can be divided into two stages. In the first stage, gNB preforms normal beam sweeping covering the full range (0~ in FR2 and 0~180º in FR1).  This is performed in the first resource set. In the second stage, gNB performs beam sweeping in a smaller range in the second resource set. Due to the greater beam density than the first stage, UE can obtain an estimated angular domain with a higher granularity in the second stage. Hence, the accuracy can be improved. 
To illustrate the enhancement by increasing beam density, we provide following simulation results. It should be noted that the beam density here is defined as the number of beams swept in a unit of degree. The simulation is performed in INF-SH scenario and FR2 frequency range. It is assumed that the beam sweeping range is 0~120º. In the first case, we used only 4 Tx sweeping beams. In the following four cases, we increased the number of beams in each case by 4 gradually. 
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Figure 1: DL-AoD positioning performance evaluated by using different Tx beam density (number of beam / sweeping range).
From the figure, we can observe that the horizontal error becomes smaller as the beam density increases. Besides that, one can also find that the performance gain is less significant as the beam density increases. At 16beams/120º, the gain by further increasing the beam density is negligible. This limitation could be due to the beam width. 
This observation also proves that if the two-stage beam sweeping can increase the beam density in the second stage, it will improve the positioning accuracy. Furthermore, if the gNB can configure a smaller sweeping range (e.g. smaller than 120º), less beams would be needed to achieve the optimal density. From the resource usage perspective, it is more efficient. 
Observation 3: DL-AoD positioning accuracy can be improved by increasing beam density (number of beam / sweeping range). Simulation also shows that the improvement becomes insignificant when the beam density reaches a certain value (e.g., 16beams/120º in InF-SH, FR2). 
In order to facilitate two-stage beam sweeping operation, we consider LMF to assists the gNB in operating the beam sweeping for PRS transmission. After the first stage of beam sweeping, UE reports the beams that covers the whole range to LMF. LMF estimates a UE location and the corresponding uncertainty. These can also be transferred to an expected AoD range. Based on the expected AoD range, LMF can configure certain PRS resources by on-demand PRS. As an alternative, LMF can also choose to inform the gNB of the expected AoD range via assistance information. gNB can configure the sweeping beam by itself.
Proposal 7: Support LMF to assist gNBs  to facilitate the two-stage beam sweeping operation. It can be performed such as LMF configures sweeping beam directly by on-demand PRS, or LMF sent assistance information to gNB (e.g., the expected AoD range, beam width). 
As two-stage beam sweeping is basically based on PRS transmission. We consider two-stage beam sweeping can be applied to DL-based positioning method, such as DL-AOD and DL-TDOA.
Proposal 8: Support two-stage beam sweeping for DL-AOD and DL-TDOA positioning

3. Conclusion
In this contribution, we discuss the potential enhancements to support positioning for UEs in RRC_ INACTIVE state and on-demand PRS.  We have made the following observations and proposals:
Observation 1: Supporting various types of SRS for positioning can enable many positioning use-cases. 
Observation 2: The SRS transmission in RRC_INCATIVE state should not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality. 
Observation 3: DL-AoD positioning accuracy can be improved by increasing beam density (number of beam / sweeping range). Simulation also shows that the improvement becomes insignificant when the beam density reaches a certain value (e.g., 16beams/120º in InF-SH, FR2). 

Proposal 1: Support periodic, aperiodic, and semi-persistent SRS for positioning in RRC_INACTIVE state
Proposal 2: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 
Proposal 3: The configuration of SRS positioning can contain the activation for a UE to transmit periodic SRS positioning when the UE is in RRC_INACTIVE state.
Proposal 4: The UE can be triggered to transmit aperiodic SRS / semi-persistent SRS in RRC_INACTIVE state by the reception of downlink transmission in RRC_INACTIVE state (e.g. paging message, RACH procedure, SDT). The details are to be defined by RAN2. 
Proposal 5: Support to introduce validation scheme when the UE can transmit SRS for positioning in RRC_INACTIVE state. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.
Proposal 6: For both UE- and LMF- initiated on-demand DL PRS request, the assistance information with at least the following parameters is supported:
· 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)
Proposal 7: Support LMF to assist gNBs  to facilitate the two-stage beam sweeping operation. It can be performed such as LMF configures sweeping beam directly by on-demand PRS, or LMF sent assistance information to gNB (e.g., the expected AoD range, beam width). 
Proposal 8: Support two-stage beam sweeping for DL-AOD and DL-TDOA positioning
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