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1. Introduction
In last RAN2#111e-meeting, we agreed:
	RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.


In this contribution, we would like to further discuss positioning in idle/inactive mode, on-demand PRS and enhancement on latency.
2. Discussion
2.1. Positioning in idle/inactive mode
Some UEs doesn’t have many service requirements. In most case these UEs are in idle mode or inactive mode. But they have positioning requirements. For example: Wearables are in idle mode or inactive mode in most case. They need to periodic positioning themselves. In this case, if these UEs can perform periodic DL positioning in idle/inactive modes, UE power consumption can be reduced. Sensors in a factory are in idle mode or inactive mode in most case. The management of the factory may need to know positioning of these sensors periodically. If the management of the factory can position these sensors based on positioning SRS sending by these sensors in idle/inactive mode, UE power consumption can be reduced. Power consumption is an important aspect of the device efficiency. Thus, in order to improve device efficiency, DL positioning and UL positioning in idle/inactive mode need to be supported in R17. Furthermore, supporting multi-RTT in idle/inactive mode can extend use cases of positioning in idle/inactive mode further. 
In R16, NR DL-TDOA/DL-AoD assistance data have already been introduced in broadcast positioning assistance data. According to TS23.273[1], one possible procedure of periodic location events with UE based DL positioning based on DL PRS signals in idle/inactive mode is shown below. 
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Figure 1 Periodic location events with UE idle/inactive mode
· The UE receives periodic location events for a deferred 5GC-MT-LR procedure.

· The UE enters idle/inactive state.

· A requested periodic location event has occurred. The UE performs location measurements or a location estimate based on broadcast DL-PRS assistance data in idle/inactive state.
· In order to report location measurements or a location estimate, the UE triggers transition into connected state.
· After entering connected state, the UE reports location measurements or a location estimate to the network.
Hence, periodic location events for a deferred 5GC-MT-LR with DL positioning based on DL PRS signals in idle/inactive mode has already been supported in R16. 
Observation 1: A deferred 5GC-MT-LR for periodic location with DL positioning based on DL PRS  in idle/inactive mode has already been supported in R16.
But for other positioning methods, e.g. MO-LR positioning with DL positioning based on DL PRS signals in idle/inactive mode, are not supported. And UL SRS signal can’t be sent when UE is in idle/inactive. UL positioning and multi-RTT in idle/inactive mode are not supported. Thus, we propose:

Proposal 1: Support DL positioning, UL positioning, and multi-RTT positioning methods in idle/inactive mode in R17.
Proposal 2: Support to send UL SRS signals in idle/inactive mode in R17.
The UE in idle/inactive needs to report location measurements or a location estimate to the network. Based on figure 1, if the idle/inactive UE wants to report location measurements or a location estimate, the UE needs to enter connected state at first. The size of these results is small. If these results can be sent to the network directly without entering into RRC_CONNCTED, signaling can be reduced. Then UE power consumption can be further reduced.

Proposal 3: Support the process that UEs in idle/inactive send positioning results to the network directly without entering into RRC_CONNECTED mode.
2.2. On-demand PRS
On-demand PRS can achieve a change in available DL-PRS, e.g. increasing DL-PRS resources to increase positioning occasions, or turn off DL-PRS transmission when DL-PRS resources are no longer needed. This can improve network efficiency. 
Proposal 4: Support on-demand PRS in order to increase DL-PRS resources or reduce DL-PRS resources.

In current procedure, gNB configures DL-PRS resources and LMF can request DL-PRS configuration to gNB. In our understanding, on-demand PRS mechanism follows the same principle, i.e. gNB decides DL-PRS resource configuration.
Proposal 5: gNB decides DL-PRS resource configuration in on-demand PRS mechanism.

gNB may update DL-PRS resource configuration by itself. But it’s depended on gNB implementation. There are possible other options for on-demand PRS which need to be specified in specification:
Opt1: LMF triggers on-demand PRS request to the gNB.

In this option, LMF triggers on-demand PRS request to the gNB based on algorithm. For example, based on statistical results, LMF think more PRS resources need to be configured to improve positioning accuracy or latency. Or LMF think some PRS resources are no longer needed as positioning requirements are relatively small at this moment. gNB configures or turns off corresponding PRS resources based on request, and sends response to the LMF.

Opt2: UE triggers on-demand PRS request to the LMF.
In this option, UE sends on-demand PRS request to the LMF. For example: The UE finds that there is not enough DL-PRS resources to measure. The UE requests the LMF to configure more DL-PRS resources for positioning.
Opt3: UE triggers on-demand PRS request to the gNB.
When the UE needs more DL-PRS resources to measure, the UE sends on-demand PRS request to the gNB directly. gNB configures DL-PRS resource based on UE request.
In our understanding, although gNB configures DL-PRS resources, it is not suitable to configure more DL-PRS resources or turn off DL-PRS resources based on only one UE request. In addition, gNB cann’t allocate DL-PRS resources of neighbor gNB based on UE request. Opt3 is not preferred. Opt1 can improve network efficiency and follow the same principle of DL PRS resource configuration procedure, i.e. gNB configures DL-PRS resources and LMF can request DL-PRS configuration to gNB. It needs to extend NRPPa message. While opt2 only improve UE’s positioning accuracy or latency, which needs to extend LPP message. We prefer to study opt1 at first in R17.
	Options
	Pros.
	Cons.

	Opt1: LMF triggers on-demand PRS request to the gNB
	Improve network efficiency
Follow the same principle of current DL PRS resource configuration procedure.
	Need to extend NRPPa message

	Opt2: UE triggers on-demand PRS request to the LMF
	Improve UE’s positioning accuracy or latency
	Can’t improve network efficiency
Need to extend LPP message

	Opt3: UE triggers on-demand PRS request to the gNB
	Improve network efficiency
	Can only update DL-PRS resources of current serving gNB


Proposal 6: Support LMF to trigger on-demand PRS request to the gNB.
2.3. Enhancement on latency
According to the email discussion [Post111-e][625][POS] End-to-end latency analysis, the Request/Provide capabilities process is in the scope of latency analysis.

The capabilities of UEs may be reported to core network before the location request. The process related with capabilities can be removed for all Positioning scenarios, so the latency of these processes will be reduced.

Positioning capabilities of UE may be reported to AMF directly before there is a location request, instead of to LMF via LPP session, in order to reduce the positioning latency. This solution also works for the positioning in Idle/Inactive mode. AMF can store these capabilities before UE steps into RRC_CONNECTED mode. 

When LMF needs the location capabilities of UE, AMF may forward the capabilities of this UE to LMF after step 10 LMF Selection, before step 12 UE positioning in Figure 6.1.2-1: 5GC-MT-LR Procedure for the commercial location services. 
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 Figure 6.1.2-1: 5GC-MT-LR Procedure for the commercial location services.
Proposal 7: Support the process that UE location capabilities report to AMF in idle/inactive directly without entering into RRC_CONNECTED mode in LPP session, in order to reduce the latency and support the positioning in Idle/Inactive mode.
In DL-TDOA and DL-AoD positioning methods, the latency of RRC Location Measurement Indication may be reduced. gNB can get the DL PRS configuration by O&M, then UE won’t send the RRC location measurement indication to gNB,  so the latency of measurement gap process can be reduced.

Proposal 8: Measurement Gap process may be reduced if gNB get the DL PRS configuration directly via O&M.
In UL-TDOA and UL-AoA positioning methods, the latency of process between gNB and LMF may be reduced. For example, NRPPa measurement request to gNB may not wait for the SRS activation Response back from serving gNB to LMF. 
However, the latency between gNB and LMF are in the scope of RAN3, RAN2 won’t discuss the detail.
3. Conclusion

In this document, we discuss the positioning in idle/inactive mode, on-demand PRS and enhancement on latency. And we propose that:
Observation 1: A deferred 5GC-MT-LR for periodic location with DL positioning based on DL PRS in idle/inactive mode has already been supported in R16.
Proposal 1: Support DL positioning, UL positioning, and multi-RTT positioning methods in idle/inactive mode in R17.
Proposal 2: Support to send UL SRS signals in idle/inactive mode in R17.

Proposal 3: Support the process that UEs in idle/inactive send positioning results to the network directly without entering into RRC_CONNECTED mode.
Proposal 4: Support on-demand PRS in order to increase DL-PRS resources or reduce DL-PRS resources.

Proposal 5: gNB decides DL-PRS resource configuration in on-demand PRS mechanism.
Proposal 6: Support LMF to trigger on-demand PRS request to the gNB.
Proposal 7: Support the process that UE location capabilities report to AMF in idle/inactive directly without entering into RRC_CONNECTED mode in LPP session, in order to reduce the latency and support the positioning in Idle/Inactive mode.

Proposal 8: Measurement Gap process may be reduced if gNB get the DL PRS configuration directly via O&M.
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Note 1: For UE based, step 1-6 and 8- 9 may not be needed; The  step 3 and the request of AD via LPP is needed if the AD is obtained via LPP.
Note 2: For a deferred MT-LR, steps 1 and 2 are not needed as an LMF only needs to obtain the UE capabilities once.
Note 3: The procedure considers the worst-case scenario involving obtaining assistance data and use of measurement gaps.
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