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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included improved energy efficiency using LPHAP devices. Some of the following agreements were made during RAN1#110-bis-e [2] to further study LPHAP positioning:
	LPHAP Positioning:
RAN1#110-bis-e Agreements
Chair’s note: references in the above observation are from R1-2209345.
Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.
Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.
Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.
Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.
Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.




This contribution provides a discussion into some aspects related to LPHAP.
Low Power Positioning in RRC_IDLE State
During the Rel-17 ePOS study item phase, RAN1 had concluded that DL-PRS measurements were feasible in RRC_IDLE state, while whether to actual support the measurements/location estimates reporting in RRC_IDLE states was up to RAN2 work. This has been already captured in TR38.857 as follows:
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From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
-	Note: This does not imply that measurements have to be reported in RRC_IDLE state.
The following procedures are considered as feasible for DL positioning methods in RRC_IDLE:
-	Reporting of DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is in RRC_INACTIVE/RRC_CONNETED.
NOTE:	The following procedures are considered to have already been supported and can be reused for positioning in RRC_IDLE
-	On-demand SI request in RRC_IDLE for assistance data delivery by broadcast in RRC_IDLE
-	ProvideAssistanceData can be sent in RRC_CONNECTED for DL-PRS configuration used in RRC_IDLE downlink positioning
-	RequestLocationInformation can be sent in RRC_CONNECTED for DL-PRS measurement and/or location estimate performed in RRC_IDLE



This is a straight-forward aspect in terms of power saving for LPHAP devices. As such RAN1 may also draw the same conclusion for LPHAP devices, with any further enhancements up to RAN2 study.
Proposal 1: RAN1 to support positioning measurements in RRC_IDLE state, which may be considered beneficial for LPHAP devices.
Another point for further study includes enhancements for SRS positioning in RRC_INACTIVE state for both UL and UL+DL positioning as agreed in RAN1#110-bis-e [2]. There are currently no mechanisms to transport UE-specific messages, especially in relation to SRS configuration and transmission in RRC_IDLE. Such schemes should be further designed not detrimentally affect the power saving gains of operating in RRC_IDLE state.
Proposal 2: In order to support enhanced positioning in RRC_IDLE state, RAN1 needs to support SRS transmissions in RRC_IDLE.
DRX-related Enhancements
During Rel-17, an LS from RAN4 was sent [4] with the following RAN4 agreement:
	RAN4#101-e Agreement
· DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. 



The agreements made by RAN4 indicate that the DL-based measurements in RRC_INACTIVE state may vary based on the DRX configuration.  RAN4’s agreement alludes to the fact that the PRS measurements in RRC_INACTIVE states needs to be aligned with the LMF, in order for the LMF to adapt DL-PRS configuration accordingly, e.g., based on the UE DRX configuration, which inevitably impacts the energy consumption and measurement delay. 
Furthermore, RAN2 had recently made the following agreements with respect to DRX enhancements for LPHAP devices
	RAN2#119-bis-e Agreement
RAN2 will study the following candidate enhancements on DL-PRS configuration after there is progress in RAN1 and potentially RAN4.
-	a) Simplified PRS configuration; (2/15)
-	b) PRS is configured close to SSBs; (2/15)
-	c) Limit PRS reception in a time period; (3/15)
RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).



From the LMF perspective and especially in light of RAN2’s agreement, it would be beneficial if the LMF was somehow aware of the DRX configuration of the UE in order to suitably trigger the request and response signalling of PRS measurements in line with the UE’s DRX configuration to avoid additional power consumption due to transition times and associated delays of the supported DL-based measurements. This is not to say that the LMF should modify the DRX configuration but rather be cognizant that a UE is operating in a particular with a particular DRX configuration according to the RRC state in order to optimally configure the UE based on the positioning requirements, i.e., that may comprise energy efficiency, latency and accuracy.
Based on the knowledge of the UE’s DRX configuration, the LMF may request the applicable DRX configuration parameters (including RRC_INACTIVE/RRC_IDLE (I-) DRX parameters) from the serving gNB or align the PRS measurement with the already configured DRX active time. In other words, this provides the LMF an opportunity to adapt the DL-PRS configuration including periodicity to the DRX cycle of the UE. The serving gNB may further provision the UE’s DRX configuration to the LMF. This may also require further RAN3 coordination.
Proposal 3: The serving gNB may provide/share the applicable UE’s DRX configuration with the LMF for adaptation of the DL-PRS measurement configuration. FFS the DL-PRS configuration parameters.
Proposal 4: RAN1 to further study the type(s) of DRX configuration to be shared by the serving gNB with the LMF, e.g., I-DRX. RAN3 coordination may be required.
SA2 LS on LPHAP Indication
SA2 has sent an LS [5] to RAN1/2 groups, regarding the conclusion of the following CN procedures related to LPHAP:
· During the positioning procedure, AMF provides the LPHAP indication to the LMF, either obtaining from the GMLC, or in the UE LCS context which received during UE registration procedure.
· LMF is enhanced to receive from AMF of the LPHAP indication in the location request, and determine positioning method, by taking into account the LPHAP requirement. LMF also sends LPHAP indication to RAN in the NRPPa message.
SA2 has further requested RAN1 for input on whether such an indication should be provided at earlier time before a positioning procedure is triggered.
From RAN1 perspective, LPHAP capabilities/features may be defined for LPHAP devices, provided there is further normative work on this aspect. However, it is also not immediately clear what power saving benefits for LPHAP devices can be realized by transferring such as indications as well as “determining the positioning method”. Providing an LPHAP indication before a positioning procedure seems to be related to a latency issue, which is out of the scope of the LPHAP work. Therefore, from RAN1 perspective there is no foreseeable impact to RAN1-related procedures/operations relating to LPHAP devices.
Proposal 5: SA2’s LPHAP indication has no foreseeable impact on RAN1-related positioning procedures including the time at which such an indication is sent and accordingly send a reply LS to SA2.
Conclusion
The LPHAP proposals are summarized as follows:
Proposal 1: RAN1 to support positioning measurements in RRC_IDLE state, which may be considered beneficial for LPHAP devices.
Proposal 2: In order to support enhanced positioning in RRC_IDLE state, RAN1 needs to support SRS transmissions in RRC_IDLE.
Proposal 3: The serving gNB may provide/share the applicable UE’s DRX configuration with the LMF for adaptation of the DL-PRS measurement configuration. FFS the DL-PRS configuration parameters.
Proposal 4: RAN1 to further study the type(s) of DRX configuration to be shared by the serving gNB with the LMF, e.g., I-DRX. RAN3 coordination may be required.
Proposal 5: SA2’s LPHAP indication has no foreseeable impact on RAN1-related positioning procedures including the time at which such an indication is sent and accordingly send a reply LS to SA2.
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