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1. [bookmark: _Hlk53665621]Introduction
At the RAN2#119bis-e meeting, some agreements on issues for further study were reached regarding the LPHAP:
Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.
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).
Agreement:
Further discuss the two candidate solutions on how to report measurements taken in RRC_IDLE as below:
Alt1: measurement is performed in IDLE and reported in CONNECTED, including the concerns:
-	Whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than legacy mechanism, i.e. RRC_INACTIVE positioning.
-	Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.
Alt2: measurement is performed in IDLE and report is carried with initial access messages, including the concern:
-	Is there AS context/security issue on sending the measurements to LMF?
In this contribution, we will further discuss the potential higher-layer enhancements that may reduce UE power consumption.
2. Discussion
2.1	Potential enhancement in RRC_INACTIVE
[bookmark: _Toc99959207][bookmark: _Toc99056274][bookmark: _Toc88654205][bookmark: _Toc74152352][bookmark: _Toc64447696][bookmark: _Toc56773067][bookmark: _Toc51776045]2.1.1	SRS configuration enhancement
[bookmark: _Hlk118294580]Regarding SRS configuration enhancement to support mobility for positioning in RRC_INACTIVE, the two candidate solutions below are for further study according to the last RAN2 meeting.
· [bookmark: _Hlk118294747]Candidate 1: Pre-configured SRS for multiple cells. When UE reselects a new cell that is within the validity area of pre-configured SRS, it can continue SRS transmission without entering RRC_CONNECTED.
-	If one dedicated SRS configuration is associated with each cell, the LMF shall request multiple TRPs, including the serving gNB and neighbor gNBs, to determine the SRS configuration, and transfer the pre-configured SRS configuration to the UE. Similar to pre-configured PRS configuration, one SRS configuration will be valid when the UE camps on an associated cell.
-	If multiple cells share the same SRS configuration, the serving cell shall provide the determined SRS configuration to neighbor cells and negotiate for resource reservation. Then the serving cell can indicate to UE which cells are included in the validity area. The UE may continue SRS transmission if the camping cell is within the validity area.
· Candidate 2: UE initiated SRS configuration update. When the SRS configuration turns invalid, the UE can request and receive an updated SRS configuration without entering RRC_CONNECTED.
-	If the UE reselects another cell different from the cell in which the SRS configuration is received, the UE shall initial RRC resume to the new cell, and then the new cell can get the Requested SRS Transmission Characteristics from the old cell via UE context retrieve. In this way, the new cell may generate one new SRS configuration to the UE with RRCRelease with suspendconfig and the UE can be kept in the RRC_INACTIVE state.
[bookmark: _Hlk118294917]For candidate 1, the spec impact is significant, especially on RAN3. If candidate 1 is preferred from RAN2’s perspective, RAN2 shall send LS to RAN3 to confirm the feasibility. What’s more, according to the last RAN2 meeting, there may be potential issues regarding interference and spatial relations. So, we need to wait for RAN1 response about interference issues and the validity of SRS parameters before concluding on candidate 1.
[bookmark: _Hlk118366823][bookmark: _Hlk118295138]Proposal 1: Regarding Pre-configured SRS for multiple cells, each cell associate one dedicated SRS configuration or shares the same SRS configuration, LS to RAN3 to confirm the feasibility and wait for RAN1 response about interference issues and the validity of SRS parameters.
[bookmark: _Hlk118295341]For candidate 2, the Requested SRS Transmission Characteristics in UE context retrieve were specified in Rel-17. The mechanism can be reused to timely update the SRS configuration during the RRC resume. 
	TS 38.423[1]
If the Positioning Information IE is contained in the RETRIEVE UE CONTEXT RESPONSE message, the new NG-RAN node shall, if supported, take it into account to allocate proper SRS resources and make corresponding response to LMF when positioning a UE.


Furthermore, to reduce power consumption, it’s beneficial for the new NG-RAN node to maintain the UE in RRC_INACTIVE if the RRC resume is for SRS update only. Two solutions can be considered:
· Solution 1: The new RAN node should release the UE to RRC INACTIVE during RRC resume if the Positioning Information IE is contained in the RETRIEVE UE CONTEXT RESPONSE message. This can be seen as an implicit indication.
· Solution 2: The UE explicitly indicates a new cause (e.g., SRS update) in the RRC resume request message.
Proposal 2: Regarding the SRS update mechanism, the following candidate solutions can be considered: 
· Implicit indication: The new RAN node should release the UE to RRC INACTIVE during RRC resume if the Positioning Information IE is contained in the RETRIEVE UE CONTEXT RESPONSE message,
· Explicit indication: UE initiates a new cause (e.g., SRS update) in the RRCResumeRequest message.
When the UE is still camping on the cell in which the SRS configuration is received and the TA gets invalid, due to TAT expiring or RSRP change exceeding the threshold, the UE can initiate the RACH procedure to update the TA. The RACH resource can be dedicated or common. For the latter case, the UE shall be able to indicate that the cause of the RRC resume is updating the SRS configuration. In this way, the serving cell can maintain the UE in the RRC_INACTIVE state. That is, the indication for the SRS configuration update can be reused for the TA update when the UE resumes on the cell in which the SRS configuration is received.
The detailed procedure of candidate 2 is illustrated in Figure 1:


Figure 1: UE initiated SRS configuration update and TA update
[bookmark: _Hlk118366850]Proposal 3: RAN2 to study how to maintain the TA for SRS transmission in RRC_INACTIVE, potential solutions include:
· Solution 1: UE initiated the TA update with a new cause indication(e.g., SRS update) in the RRCResumeRequest message,
· Solution 2: UE initiated the TA update with a dedicated RACH resource.
[bookmark: _Hlk118366742]2.1.2	Alignment of DRX and positioning
RAN1 is evaluating the power consumption of positioning with eDRX and the power consumption model was agreed in the RAN1#110bis-e meeting as follows:
	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.


The transition energy is a key component of power consumption during positioning. Thus it is beneficial to minimize the gap between PRS measurement and SRS transmission with paging monitoring in the time domain to reduce the number of sleep-type transitions. How to align the positioning and eDRX needs to be studied. The issues include:
· The DRX/eDRX configuration is controlled by the gNB and AMF, which is transparent to the LMF.
· Cell reselection may happen due to UE mobility and some of the DRX/eDRX parameters are cell-specific, e.g., paging frame offset. That is, the PO in the time domain will change upon cell reselection.
To solve the above issues, the LMF shall be informed about the DRX/eDRX configuration in advance, and then it may take the DRX/eDRX configuration, e.g., DRX cycle, into account when setting the periodicity and/or response time of deferred MT-LR. 
Besides, the LMF shall indicate some assistance information to the serving gNB to configure suitable SRS/PRS for the UE. To be specific, the PRS measurement or SRS transmission can be configured to be close to the paging occasion. On one hand, it can reduce the transition power of the UE to receive PRS when it wakes up from deep sleep; on the other hand, it can reduce the power to additionally measure the reference signal (e.g., before the UE transmits SRS, it can reuse the SSB used for paging monitoring to get synced). One straightforward way is to request a short PRS periodicity to ensure the UE can detect the PRS around the PO. However, it may reduce the frequency efficiency of DL, especially when multiple TRPs shall send the PRS at the same time. RAN2 may consult RAN3 on how to reduce unnecessary PRS transmission if needed.
At last, the LMF can indicate the UE to perform the PRS measurements around the PO within a specific time window. With this indication, the UE may refine the occasion of the event report according to the PO.
Proposal 4: To align the positioning configuration with DRX/eDRX, the following solution can be considered:
· The LMF acquires the DRX/eDRX configuration from gNB/AMF,
· The LMF sends assistance data to gNB for optimal SRS/PRS configuration,
· The LMF indicates to UE to perform PRS measurement within a specific time window.
2.1.3	Event report skipping
At the RAN2#119bis-e meeting, the event report skipping was discussed and the majority thought that it was in SA2 scope.
	Proposal 5: RAN2 agree to study enhancements on event report (10/14). Further discuss the use case and the associated conditions when the legacy event report can be omitted/skipped in UL/DL positioning procedure, e.g. the positioning event is periodic and time determined event in deferred MT-LR, and send an LS to SA2 if there is progress.


· For UL positioning: If the SRS configuration is still valid, it is a simple way to reduce power consumption by omitting unnecessary event reports. 
· For DL positioning: For some scenarios, the target UE may be immobile or move for a short distance during the interval, another way to reduce the power consumption is to optimize the event report. For instance, if the difference between the two successive measurement results is less than a configured threshold, the UE reports a small number of bits (e.g., one-bit indication) to indicate that the measurement result is almost unchanged. Furthermore, the UE can even skip the report and, correspondingly, if the LMF does not receive an event report after the interval, the UE is considered not to have moved during the interval.
Although the impact is on SA2, RAN2 shall reach a consensus on the benefit and LS to SA2 to confirm the feasibility. Thus we propose:
Proposal 5: LS to SA2 to confirm the feasibility of event report skipping in deferred MT-LR:
· For UL positioning, the UE can skip the unnecessary event report and only transmit SRS if the SRS configuration is still valid. 
· For DL positioning, the UE can indicate the change of measurement results is within the configured threshold or skip the event report when the measurement result is almost unchanged during the positioning interval.
2.1.4	Longer candidate values for SRS periodicity
For the SRS periodicity, the SRS configuration in RRC spec[2] is restricted as follows. For instance, the periodicity of 81920 slots is only applicable for SCS=120kHz, which equals 10240 ms.
	periodicityAndOffset-p, periodicityAndOffset-p-Ext
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured. For SRS-PosResource, sl20480, sl40960 and sl81920 cannot be configured for SCS=15kHz, sl40960 and sl81920 cannot be configured for SCS=30kHz, and sl81920 cannot be configured for SCS=60kHz. 
When the field periodicityAndOffset-p-Ext is present, the field periodicityAndOffset-p shall be ignored by the UE.


To meet the positioning interval requirement of use case 6, it is beneficial to introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. It may introduce an impact on RAN1/RAN4 and they should evaluate the feasibility.
Proposal 6: Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. LS to RAN1/RAN4 for confirmation of feasibility.
[bookmark: _Hlk118366777]2.2	Support of positioning in RRC_IDLE
During Rel-17 SI, the DL positioning in RRC_IDLE was studied. RAN1 reached the consensus that the UE may perform PRS measurement in RRC_IDLE and feedback measurement report when UE enters RRC_CONNECTED. The solution was captured in the TR 38.857[3] as follows. However, for some reason, the procedure was not specified during the normative phase in Rel-17.
	[bookmark: _Toc56686558][bookmark: _Toc57112139][bookmark: _Toc57112258][bookmark: _Toc57112357][bookmark: _Toc57112483][bookmark: _Toc57112582][bookmark: _Toc57117078][bookmark: _Toc65687421][bookmark: _Toc65702303]10.9	DL positioning measurement in RRC_IDLE state
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


At the RAN2#119bis-e meeting, the positioning in RRC_IDLE was discussed and the following concerns were raised:
-	Concern 1: Whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than the legacy mechanism, i.e. RRC_INACTIVE positioning.
-	Concern 2: Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.
To our understanding, Concern 1 is in RAN1 scope, and Concern 2 is in SA2 scope. Thus we propose:
Proposal 7a: LS to RAN1 to confirm whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than positioning in RRC_INACTIVE. 
Proposal 7b: LS to SA2 to confirm whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.

As to the measurement report in RRC_IDLE, the small data transmission in RRC_IDLE is not in the scope of Rel-18 SDT. Considering the limited time and workload, the measurement report in RRC_IDLE can be set with a low priority or can be excluded from the scope of this release.
Proposal 8: The measurement report in RRC_IDLE can be set with a low priority or can be excluded from the scope of this release.
2.3	Reply LS to SA2 on LPHAP indication
In R2-2211131(S2-2209591) [4], SA2 has concluded the following principles for LPHAP indication:
	[bookmark: _Hlk114659813]SA2 is working on Rel-18 eLCS study. There is a key issue within SA2 study for low power and high accuracy positioning. 

SA2 has concluded the following principles:
· 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.


Besides, SA2 asked whether it is necessary to provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered? 
To our understanding, the indication to RAN node can be sent along with some NRPPa procedures after the positioning procedure has been triggered, e.g., POSITIONING INFORMATION REQUEST. The RAN node may take this information into account for positioning configuration. That is, no need to provide LPHAP indication to RAN before the positioning procedure is triggered.
Proposal 9: Inform SA2 in the reply LS that no need to provide LPHAP indication to RAN before positioning procedure is triggered.
3. Conclusion
SRS configuration enhancement
Proposal 1: Regarding Pre-configured SRS for multiple cells, each cell associate one dedicated SRS configuration or shares the same SRS configuration, LS to RAN3 to confirm the feasibility and wait for RAN1 response about interference issues and the validity of SRS parameters.
Proposal 2: Regarding the SRS update mechanism, the following candidate solutions can be considered: 
· Implicit indication: The new RAN node should release the UE to RRC INACTIVE during RRC resume if the Positioning Information IE is contained in the RETRIEVE UE CONTEXT RESPONSE message,
· Explicit indication: UE initiates a new cause (e.g., SRS update) in the RRCResumeRequest message.
Proposal 3: RAN2 to study how to maintain the TA for SRS transmission in RRC_INACTIVE, potential solutions include:
· Solution 1: UE initiated the TA update with a new cause indication(e.g., SRS update) in the RRCResumeRequest message,
· Solution 2: UE initiated the TA update with a dedicated RACH resource.
Alignment of DRX and positioning
Proposal 4: To align the positioning configuration with DRX/eDRX, the following solution can be considered:
· The LMF acquires the DRX/eDRX configuration from gNB/AMF,
· The LMF sends assistance data to gNB for optimal SRS/PRS configuration,
· The LMF indicates to UE to perform PRS measurement within a specific time window.
Event report skipping
Proposal 5: LS to SA2 to confirm the feasibility of event report skipping in deferred MT-LR:
· For UL positioning, the UE can skip the unnecessary event report and only transmit SRS if the SRS configuration is still valid. 
· For DL positioning, the UE can indicate the change of measurement results is within the configured threshold or skip the event report when the measurement result is almost unchanged during the positioning interval.
Longer candidate values for SRS periodicity
Proposal 6: Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. LS to RAN1/RAN4 for confirmation of feasibility.
Support of positioning in RRC_IDLE
Proposal 7a: LS to RAN1 to confirm whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than positioning in RRC_INACTIVE. 
Proposal 7b: LS to SA2 to confirm whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.
Proposal 8: The measurement report in RRC_IDLE can be set with a low priority or can be excluded from the scope of this release.
[bookmark: _GoBack]Reply LS to SA2 on LPHAP indication
Proposal 9: Inform SA2 in the reply LS that no need to provide LPHAP indication to RAN before positioning procedure is triggered.
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