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[bookmark: _Ref37187857][bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
The WID [1] for study on expanded and improved NR positioning enhancements in Rel. 18, lists, among others, the following as objective for RAN2:

	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].



In RAN2#123 Meeting [2], we reached the following agreements. 

	· When the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. The SRS configuration request is sent in the RRC message RRCResumeRequest (18/18).
WA: A new resume cause is introduced for the above use case.
· Periodic SRS is supported to be configured with validity area.  This agreement does not affect preconfigured SRS.
· Activation/deactivation is not required for periodic SRS.  This agreement does not affect preconfigured SRS.
· Aperiodic SRS is not supported to be configured with validity area.
· RAN2 do not further consider providing pre-configured SRS via system information in Rel-18.
· For the activation indication and/or request for preconfigured SRSs, RRCResumeRequest message is used, and 1-bit indication in the RRCResumeRequest is introduced for this use.
WA: The resume cause introduced for the SRS configuration request can be reused for the activation indication of the pre-configuration SRS.
· Sending the activation indication and/or requesting for preconfigured SRS using Msg1 is not supported.

· Semi-persistent SRS is supported to be configured with validity area, and RAN2 agree to reuse legacy mechanism to deactivate the SP SRS.

· At least alignment of PRS to fixed (e)DRX is supported.
· At least UE-initiated on-demand PRS request procedure is supported for the alignment of the PRS configuration to the fixed (e)DRX configuration.
· UE may utilize the positioning assistance data through posSIB or assistance data received in RRC_CONNECTED when UE is to perform positioning in RRC_IDLE.  No stage 3 impact is foreseen.
· The following criterion needs to be defined for the start/re-start of the area-specific TA timer:
	Reception of RRCRelease message containing the SRS configuration (excluding pre-configured SRS)
· The following criteria need to be defined for the stop of the area-specific TA timer (FFS other conditions):
	Reception of RRCResume message
	Reception of RRCSetup message
	Reception of RRCRelease message without SRS configuration



The agreements enable the network to configure the UE to transmit the SRS using configured SRS or preconfigured SRS in case of MT-LR. However, in our opinion, the obtained position is still a best-effort service and it cannot be ensured that the network can deliver UE position fix while the UE is awake, while maintaining the low power requirements. 

In particular, we observe the following:
· If the network extends the active part of the DRX cycle, then UE power consumption increases and the low power consumption is compromised. 
· If the network keeps the active part of the DRX cycle short, then the accuracy/reliability part is compromised. 
· The way forward is to send the UE to sleep into long sleep cycle, after the NW has ensured that the UE position is computed at the NW side. Between SRS transmission occasions, the UE shall still enter short sleep cycle.

In this contribution, we propose to introduce network feedback upon successfully determining UE position, to enable the UE to go to an extended sleep. 


[bookmark: _Ref145940614]Beginning of sleep phase for DRX cycles beyond 10.24 seconds 
Obtaining UE position with sufficient accuracy may fail if one or more TRPs fail to measure the SRS from the UE with required quality. This can happen for several reasons such as: 
1) TRPs on one side of the UE being blocked (e.g. with industrial equipments such as AGVs), thereby increasing the GDOP (i.e. reducing positioning accuracy).
2) Signalling delay from LMF to neighbouring TRPs/cells after receiving activation request from UE, thereby causing some of the measurements not be have been performed.

For data transmission, the PDUs are acknowledged using RLCs and TBs using HARQs. Therefore, the UE already gets acknoweledgement that the transmission is received at the network side. For positioning signal, when the UE receives activation response from serving cell, this is no guarantee that the transmitted signal would be measured by the TRPs which are necessary (for example, to have a certain geometric properties, such as DOP).

If a UE goes to sleep before the LMF has determined its position with needed quality, then the earliest occasion that the network can take corrective actions is during the next ON duration of the DRX cycle. 

If the UE is configured with a normal DRX cycle (e.g. up to 10.24 seconds), then the network may be still able to determine the UE position at next DRX cycle. If we note that for Redcap devices, we have DRX cycles of up to 3 hours, if the positioning fails then the next occasion for positioning is only after 3 hours.

[image: ]
Figure 2: Increasing the active part of the DRX cycle with SRS retrasnmissions could help, but this negates the purpose of having a longer DRX cycle.

Observation 1: If the UE goes to sleep directly after transmitting SRS in RRC_INACTIVE mode, then the UE location cannot be determined until the next active phase in DRX cycle in case there are issues with measurement/position computation at network side.

A feedback from the network becomes essential to ensure that the UE sleeps with the knowledge that positioning procedure is completed. This means after the LMF has received measurement reports from TRPs and UEs (in case of multi-RTT), the LMF can determine the position and if the position meets the needed accuracy, the LMF can signal the UE that the UE positioning is completed. This means, if the LMF can obtain the needed accuracy after x transmission, it can signal the UE to sleep, thereby saving power. Alternatively, the gNB can reconfigure the SRS transmission from the UE to enable the LMF to determine its position.

Observation 2: Allowing LMF or serving gNB signal the UE to enter sleep mode after ascertaining that the positioning procedure is completed, ensures availability of an accurate position estimate with lowest energy consumption possible. 

Proposal 1: To ensure that the UE consumes as little power as possible, but at the same time ensure that the UE position is available at the network, the UE shall be configured to: 
a. Transmit SRS during the on-Duration of the DRX cycle. 
b. Receive feedback from the network, that the NW has determined the UE position.
c. Signal the UE to enter a long sleep corresponding to extended DRX cycle (e.g. 3 hours).

In simplest form, a UE can be configured with two DRX cycles, one with shorter length, which is in use while the UE’s position is being determined. The second DRX cycle, one with longer length, can be used when the UE position is determined at the LMF. The SRS deactivation procedure (which is to be sent when the UE position is determined at the NW side), can be used to switch the UE to long cycle. 

Proposal 2: For a UE configured with eDRX cycle (beyond 10.24s), a shorter DRX cycle is configured in addition to the eDRX cycle. The UE enters the (longer) eDRX cycle only after the UE gets an indication that the LMF has determined the position of the UE. 

Conclusions
In this contribution, we have made the following observations:
Observation 1: If the UE goes to sleep directly after transmitting SRS in RRC_INACTIVE mode, then the UE location cannot be determined until the next active phase in DRX cycle in case there are issues with measurement/position computation at network side.

Observation 2: Allowing LMF or serving gNB signal the UE to enter sleep mode after ascertaining that the positioning procedure is completed, ensures availability of an accurate position estimate with lowest energy consumption possible. 

Based on the above observations, we make the following proposals:

Proposal 1: To ensure that the UE consumes as little power as possible, but at the same time ensure that the UE position is available at the network, the UE shall be configured to: 
a. Transmit SRS during the on-Duration of the DRX cycle. 
b. Receive feedback from the network, that the NW has determined UE position.
c. Signal the UE to enter a long sleep corresponding to extended DRX cycle (e.g. 3 hours).

Proposal 2: For a UE configured with eDRX cycle, a shorter DRX cycle is configured in addition to the eDRX cycle. The UE enters the (longer) eDRX cycle only after UE gets an indication that the LMF has determined the position of the UE. 
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