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1. [bookmark: _Ref73829754]Introduction
[bookmark: Proposal_Pattern_Length]During SI phase RAN2 discussed potential enhancements on LPHAP, and provided recommendation from RAN2 perspective. At RAN#98, RAN plenary agreed the new WI on expanded and improved NR positioning [1] with following objective related to LPHAP:
	· 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].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we continue the discussion on  how to specify these objectives. 
Discussion
2.1 Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state 
The objective was added by RAN1 although the leading group is RAN2. The main discussion on how to support the extended eDRX cycle beyond 10.24s in RRC_INACTIVE should be done in Rel-18 eRedCap WI. In positioning session, we only need to provide positioning specific value to Rel-18 eRedCap and ask them to capture these values. To our understanding, the value should come from RAN1, and therefore an LS to RAN1 is needed. 
Proposal 1: Send LS to RAN1, ask them to provide positioning specific value for eDRX cycle beyond 10.24s in RRC_INACTIVE.  
2.2 SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration
Objective 1:SRS for positioning activation/request procedure(s) 
When cell reselection happens out of the positioning validity area, the UE should stop the SRS transmission as in legacy system. In order to maintain the continuity of positioning procedure, the UE should request to the network for SRS configuration update. To this end, we think mechanisms are needed to provide UE with new SRS configuration potentially staying in RRC inactive state in the new cell.
We think Msg-3 based RRC-resume-request can be used to trigger SRS configuration request in the new cell after cell reselection occurs out of the positioning validity area. Then new gNB could provide new SRS configuration/activation in a RRC release message. From power consumption perspective, it is beneficial for the new gNB to maintain the UE in RRC_INACTIVE after UE context retrieval if the RRC resume request is for SRS update only. 
NOTE: the UE can only use Msg-3 based RRCResumeRequest to trigger SRS configuration request if allowed by the network. 
Proposal 2: For SRS for positioning activation/request procedure(s), if allowed by the network, UE sends Msg-3 based RRC-resume-request to trigger SRS configuration/activation request when cell reselection occurs outside of validity area.
When the gNB provides the updated SRS configuration to the UE, the serving gNB should provide the updated SRS configuration to the LMF in order to let the LMF forward the updated SRS configuration to measured gNBs. But the details should be discussed in RAN3. 
Proposal 3: For SRS for positioning activation/request procedure(s), serving gNB forwards updated SRS configuration to the LMF via NRPPa message when receiving the request from the UE, and the LMF forwards the updated SRS configuration to measured gNBs.  The details to be discussed in RAN3.
Objective 2: SRS for positioning configurations in multiple cells/Pre-configuration of one or multiple SRS for positioning configurations  
For multiple SRS configurations, RAN1 is discussing how to handle TA, interference issues, pathloss, spatial relation, and common parameters across multiple cells, for these issues RAN2 can wait for the inputs from RAN1. 
Proposal 4: Issues related to TA, interference issues, pathloss, spatial relation, and common parameters across multiple cells should be discussed in RAN1 first.
From RAN2 perspective, we can look the requirement that how to avoid the gNB to monitor multiple SRS configuration simultaneously for a UE.
To our understanding, the spirit of the objective is, the network provides multiple configurations (per area) to the UE, and the UE can select the SRS based on camped cell. Therefore the network does not need to update the SRS configuration when the UE moves to another cell (in Rel-17, the network only configures the SRS for the cell where the UE moves to RRC_INACTIVE, and the UE will release the SRS configuration when it moves to another cell). We do agree that it can save the power caused by additional RRC signalling. However, the measured gNB has no idea on which cell the UE is camping, i.e. which SRS configuration the UE is transmitting. Therefore, the measured gNB has to measure all candidate SRS configurations for the UE which will increase the processing load of the measured gNB which should be avoided. To avoid the additional complexity on gNB side, RAN2 should find a solution to resolve the issue.
Proposal 5: The measured gNB should be aware of which SRS configuration should be used for the positioning measurement.  
If RAN2 concludes the mechanism on SRS for positioning activation/request procedure(s), the similar solution can be used. That is when the UE selects different SRS configuration, e.g. upon moving to another cell or the area for different SRS configuration, the UE shall use Msg-3 based RRC-resume-request to indicate the selected SRS configuration (e.g. configuration ID) to gNB, and then same as SRS for positioning activation/request procedure(s), i.e. the gNB indicates this to the LMF, and LMF forwards it to measured gNBs. .
Proposal 6: For preconfigured multiple SRS configurations, if allowed by the network, UE sends Msg-3 based RRC-resume-request to indicate the change of SRS configuration when different SRS configuration is selected due to cell reselection.
Proposal 7: For preconfigured multiple SRS configurations,  serving gNB forwards updated SRS configuration to the LMF via NRPPa message when receiving the change indication from the UE, and the LMF forwards the updated SRS configuration to measured gNBs.  The details to be discussed in RAN3.

2.3 Support of positioning in RRC_IDLE
UE efficiency (power consumption) was discussed in Rel-17 SI/WI positioning enhancements. The outcome from Rel-17 SI on RRC_IDLE (captured in TR38.837) is: 
	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





In summary, nothing was introduced in Rel-17; given existing solution can work, RAN2 did not introduce the reporting in RRC_IDLE. 
If positioning is supported for RRC_IDLE , the following procedure could be expected (based on Rel-17 conclusion). 
· The UE could get assistance data via broadcast signalling or preconfiguration in Connected mode;
· The UE could perform PRS measurement in IDLE mode;
· The UE can report the results (UE based positioning methods) to internal LCS client for MO-LR
· For NI-LR and MT-LR, the UE has to move to CONNECTED mode in order to report;

During study phase, RAN2 discussed the issue and agreed:

Proposal3: DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1. (15/15)
	Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED
	Feasibility of measurement report in msg5 should be evaluated with SA2/3 involved.
	Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning measurement was performed in RRC_IDLE, can be evaluated in the WI phase with SA2 involved.
Regarding power saving benefits:
It has been resolved in RAN plenary since RAN plenary has agreed to support measurement in RRC_IDLE and report in RRC_CONNECTED; 
Regarding “Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning measurement was performed in RRC_IDLE”:
To our understanding the CN will discard the UE context (including positioning context, positioning session) when the UE moves to IDLE. It is unclear how the AMF is aware of which LMF, GMLC, external LCS client are waiting for the results, and it is also unclear how the AMF still keep track of the positioning session and what positioning methods are used for the UE. Therefore, existing mechanism cannot work well for the positioning in RRC_IDLE. However, it should be confirmed by SA2. 
Proposal 8: RAN2 to send LS to SA2, to inform them that RAN has agreed to support “DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state” and would like to check whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE for MO-LR, MT-LR and NI-LR. 

2.4 Alignment between eDRX and PRS configurations 
During SI phase, RAN2 concluded to further consider two enhancement directions:
Agreements:
Proposal2: Alignment between DRX and PRS is beneficial from power saving point of view for LPHAP and is recommended to normative work. (14/15)
	Two directions of solutions for DRX/PRS alignments are considered: (a) PRS alignment with fixed DRX (b) DRX alignment with fixed PRS
	Solutions for the PRS/DRX alignment, e.g., LMF-based/UE-based solution, is to be discussed
	Impacts to different RRC states (RRC_INACTIVE and RRC_IDLE) is to be discussed

Useful information for the alignment:
· LPHAP indication: SA2 has concluded the usage of LPHAP indication [2] 
	· 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.


 
Based on SA2 conclusion, the LMF can get the LPHAP indication from the AMF during the positioning procedure, and the gNB can also get it from the LMF via NRPPa message. 
RAN2 can follow SA2 conclusion on this, the only impact to RAN is, the LMF sends the LPHAP indication to RAN in NRPPa message. It is out of RAN2 scope on how the AMF gets the indication, and how the AMF sends the indication to the LMF. 
Proposal 9: Confirm SA2 conclusion that during the positioning procedure, AMF provides the LPHAP indication to the LMF, and the LMF also sends LPHAP indication to RAN in the NRPPa message (stage 2 and RAN3 impact).  
Considering SA2 also agreed that “LMF also sends LPHAP indication to RAN in the NRPPa message.”, the RAN can be aware of whether a UE is performing positioning and whether LPHAP is required. If the RAN also supports the PRS transmission, based on the LPHAP indication, the RAN can decide what DRX configuration can align with PRS configuration well. Therefore it should be:
· DRX alignment with fixed PRS (handled by RAN based on LPHAP indication and available PRS configuration); 
Proposal 10: For alignment between eDRX and PRS configurations, it is up to RAN to align DRX configuration with fixed PRS based on LPHAP indication obtained from the LMF and available PRS configuration in RAN.   
1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: Send LS to RAN1, ask them to provide positioning specific value for eDRX cycle beyond 10.24s in RRC_INACTIVE.  
Proposal 2: For SRS for positioning activation/request procedure(s), if allowed by the network, UE sends Msg-3 based RRC-resume-request to trigger SRS configuration/activation request when cell reselection occurs outside of validity area.
Proposal 3: For SRS for positioning activation/request procedure(s), serving gNB forwards updated SRS configuration to the LMF via NRPPa message when receiving the request from the UE, and the LMF forwards the updated SRS configuration to measured gNBs.  The details to be discussed in RAN3.
Proposal 4: Issues related to TA, interference issues, pathloss, spatial relation, and common parameters across multiple cells should be discussed in RAN1 first.
Proposal 5: The measured gNB should be aware of which SRS configuration should be used for the positioning measurement.  
Proposal 6: For preconfigured multiple SRS configurations, if allowed by the network, UE sends Msg-3 based RRC-resume-request to indicate the change of SRS configuration when different SRS configuration is selected due to cell reselection.
Proposal 7: For preconfigured multiple SRS configurations, serving gNB forwards updated SRS configuration to the LMF via NRPPa message when receiving the change indication from the UE, and the LMF forwards the updated SRS configuration to measured gNBs.  The details to be discussed in RAN3.
Proposal 8: RAN2 to send LS to SA2, to inform them that RAN has agreed to support “DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state” and would like to check whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE for MO-LR, MT-LR and NI-LR. 
Proposal 9: Confirm SA2 conclusion that during the positioning procedure, AMF provides the LPHAP indication to the LMF, and the LMF also sends LPHAP indication to RAN in the NRPPa message (stage 2 and RAN3 impact).  
Proposal 10: For alignment between eDRX and PRS configurations, it is up to RAN to align DRX configuration with fixed PRS based on LPHAP indication obtained from the LMF and available PRS configuration in RAN.   
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