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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis, several of enhancements for LPHAP were discussed with corresponding agreements. However, there are still some leftover issues which need to be discussed further. In this contribution, the following issues will be further analyzed and discussed.
· Optimization on paging and/or RRM
· If the mechanism of pre-configure multiple SRS require network nodes to measure multiple SRS configurations for the same UE simultaneously;
· Feasibility of configuration alignment between PRS and DRX;
· Feasibility of positioning in RRC_IDLE state;
· Discuss the issue in the LS come from SA2;
Discussion
2.1 Optimization on paging and/or RRM
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK25][bookmark: OLE_LINK26]For UE in RRC_INACTIVE state, paging and RRM are two of the main sources of power consumption. To achieve the goal of 6-12 months battery life, it is meaningful to study on these optimizations. Considering RAN2 has agreed that the use case for LPHAP shall be restricted to tracking of workpiece (in- and outdoor) in assembly area and warehouse, where positioning is the main requirement and maybe the only requirement. Hence, it is possible to study on the optimization on paging and/or RRM.
Observation 1: Considering the use case restricted for LPHAP, positioning is the main requirement and maybe the only requirement. It is meaningful to support optimize on paging and/or RRM for the goal of 6-12 months battery life.
There are mainly two optimization directions:
a) Relax paging and/or RRM according to specific mechanism;
b) Define a new mode for LPHAP with reference to the MICO mode.
For b), define a new mode will bring a lot of impact to the core network and it seems complex impacts on specifications. In comparison, a) is a simpler solution and has less protocol impact. Hence, we have a preference on a). In the following part of this section, optimization on paging and RRM will be discussed one by one.
· Optimization on paging
Refer to the deferred 5GC-MT-LR procedure, only when received the deferred location request from LCS client or AF, AMF wait for UE to become reachable and initiate a network triggered service request procedure to establish signaling connection with UE. After that, during the whole deferred MT-LR period, NW may not paging UE due to positioning requirement.


Figure 1. Paging optimize method
To achieve this goal, the Paging Occasions (POs) need to be negotiation between UE and AMF, with considering the timing characteristic of deferred MT-LR service. Therefore, UE could stop monitoring the POs during the deferred MT-LR according to its capability or UE type (like, IIOT). As shown in figure 1, UE is monitoring the POs based on DRX or eDRX mechanism, once UE received a request of deferred 5GC-MT-LR procedure for periodic event, UE can stop monitoring the PO until the end of the whole location event.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Optimization on relax paging at least for deferred MT-LR service type is recommended for normative work.
· Optimization on RRM
In RRC_INACTIVE state, the RRM measurement is mainly used for cell selection and reselection. In TS 38.304 [1], some relaxed measurement rules are already supported, which take the factors of UE mobility and UE position, i.e. cell edge, into consideration. RAN2 can further study whether these relaxed rules are enough for LPHAP scenario. 
Proposal 2: RAN2 to discuss whether the legacy relaxed measurement rules are enough for the power saving goal of LPHAP.
2.2 Discussion on pre-configure multiple SRS
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In RAN2#119bis-e, the following agreement was achieved, with some leftover issues.
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.
For c), the mainly concern is whether the network nodes need to measure multiple SRS for the same UE simultaneously. 
RAN1 reached the agreement on pre-config SRS for positioning at RAN1#110bis-e as below:
	· 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.


So the broadcast pre-configure multiple SRS will be updated and obtained as UE-Specific SRS via RACH-based procedure according to the agreement in RAN1.
Proposal 3: The network nodes don’t need to measure multiple SRS configurations for the same UE simultaneously after the request to obtain/update SRS via RACH-based procedure.
Proposal 4: The mechanism of pre-configure multiple SRS is recommended for normative work.
2.3 Configuration alignment between PRS and DRX
In RAN2#119bis-e, the following agreement was achieved, the feasibility of configuration alignment between PRS and DRX need to be discussed further.
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).
At present, the (e)DRX information applied by UE and the PRS/SRS configured by LMF are irrelevant, which may result in misalignment between PRS/SRS configuration and the DRX configuration. The situation in Figure 3 may occur, which is adverse to energy saving.


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 3. DL-PRS configuration and DRX period
To align (e)DRX and PRS/SRS configuration, there may need some signaling interaction between UE, NG-RAN, AMF and LMF. One possible way is to provide LMF the DRX information applied by UE, so that LMF may set/recommend PRS configuration to align with DRX. By this way, UE can finish the measurement on PRS efficiently with lower power consumption.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 5: Optimization on configuration alignment between PRS and DRX is recommended for normative work. 
1.1. 
1.2. 
2.4 [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Discussion on positioning in RRC_IDLE state
2.4.1	 DL positioning
In RAN2#119bis-e, the feasibility of DL positioning in RRC_IDLE state was discussed without final conclusion. The opinion on how UE report the measurements was divergent and the following agreement was achieved.
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:
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]-	Is there AS context/security issue on sending the measurements to LMF?
There are two main candidate solutions for UE to report the measurements for DL positioning in RRC_IDLE. 
For the first solution “measurement is performed in IDLE and reported in CONNECTED”. Considering one of the main goal for LPHAP is power saving, frequently state transition will bring power consumption, it hard to say that measure in IDLE and report in CONNECTED is more beneficial for power saving than RRC_INACTIVE positioning. If majority companies support this option, it should be evaluated by RAN1 firstly.
For the second solution, during the initial access procedure, the security is not established yet. There will be risks for UE to report its measurements. For this concern, RAN2 can send an LS to SA2 to ask whether this concern can be solved.
Proposal 6: DL positioning in RRC_IDLE state is recommended for normative work.
Proposal 7: RAN2 send an LS to SA2&SA3 to ask if there is any AS context/security issue for UE to report measurements with initial access messages, if yes, whether this issue can be solved.
2.4.2	 UL positioning
For UL positioning in RRC_IDLE state, the following issues need to be discussed further.
· How does UE send the event report. 
· Whether UE can send SRS in RRC_IDLE state, with considering the capability and/or AS security aspects. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK83][bookmark: OLE_LINK84]For the first bullet, one possible solution is to evaluate whether and how the event report can be omitted. Taking into account the event report is provided by UE to inform the LMF that the configured event type has occurred. Considering in scenario of LPHAP, the positioning requirement is raised mainly for industrial applications, and has a period characteristic. The LMF have acknowledgment of the occurrence of positioning event. Hence, it is possible to omit partial or even all event report.
Proposal 8: RAN2 to confirm that for deferred MT-LR service type with periodic and time determined event, LMF have acknowledgment of the occurrence of positioning event, so partial or even all event report can be omitted.
The second bullet is whether UE can send SRS in RRC_IDLE state, considering capability and/or AS security aspects. This should be confirmed by RAN1 and/or RAN4 firstly.
Proposal 9: UL positioning in RRC_IDLE state at least for deferred MT-LR service type with periodic and time determined event is recommended for normative work. 
Proposal 10: RAN2 send an LS to RAN1 and/or RAN4 to ask whether UE can send SRS in RRC_IDLE state, considering capability.
2.4.3	 Draft text proposal for positioning in RRC_IDLE state
	6.4.2	Potential Enhancements for Low Power High Accuracy Positioning
6.4.2.x Higher Layer Aspects 
The potential enhancements for Low Power High Accuracy Positioning in higher layer aspect is list as follow:
x.	DL Positioning in RRC_IDLE 
Higher layer agree to study DL positioning in RRC_IDLE state.
Editor’s NOTE: FFS the AS context/security issue for UE to report measurements with initial access messages.
y.	UL Positioning in RRC_IDLE
Higher layer agree to study UL positioning in RRC_IDLE state at least for deferred MT-LR service type with periodic and time determined event.
Editor’s NOTE: whether UE can send SRS in RRC_IDLE state.


Proposal 11: Capture the text proposal for positioning in RRC_IDLE state into TR 38.859.
2.5 [bookmark: OLE_LINK40][bookmark: OLE_LINK41]Discussion on the LS from SA2
RAN2 received an LS from SA2 [2], shown as follow:
	1. Overall Description:
[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.
SA2 kindly asks RAN WG, is it necessary to provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered?

2. Actions:
To RAN1, RAN2 group.
ACTION: 	SA2 asks to RAN1 and RAN2 to reply the above question.


In this LS, SA2 raised the question “is it necessary to provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered?”. 
Firstly, whether to provide LPHAP indication to RAN before positioning procedure is triggered is up to the requirement, i.e. the finally agreed enhancements and adopted implementations. It is hard to determine at this stage.
Observation 2: Whether to provide LPHAP indication to RAN before positioning procedure is triggered is up to the requirement, i.e. the finally agreed enhancements and adopted implementations. It is hard to determine it at this stage.
Secondly, exposure of information to gNB and/or LMF was also discussed in RAN2#119bis with achieving the following agreement:
Agreement:
Exposure of LPHAP information to the gNB and/or LMF (e.g., as a UE capability) can be discussed in normative work if any enhancement for LPHAP is agreed, taking into account any guidance from SA2.
From RAN2 perspective, in addition to the way LMF send LPHAP indication to RAN in NRPPa message, the LPHAP indication to gNB can also be reported by UE via RRC message. The latter method is not limited by the trigger of positioning procedure. Hence, this issue can be discussed in normative work when any enhancement for LPHAP is agreed.
RAN2 can reply an LS to SA2 to notify the RAN2 perspective. The draft LS in Annex A can be taken as reference.
Proposal 12: The draft LS in Annex A can be taken as reference.
Conclusion
According to the analysis in section 2, the following observation and proposals are provided:
Optimization on paging and/or RRM
Observation 1: Considering the use case restricted for LPHAP, positioning is the main requirement and maybe the only requirement. It is meaningful to support optimize on paging and/or RRM for the goal of 6-12 months battery life.
Proposal 1: Optimization on relax paging at least for deferred MT-LR service type is recommended for normative work.
Proposal 2: RAN2 to discuss whether the legacy relaxed measurement rules are enough for the power saving goal of LPHAP.

Discussion on pre-configure multiple SRS
Proposal 3: The network nodes don’t need to measure multiple SRS configurations for the same UE simultaneously after the request to obtain/update SRS via RACH-based procedure.
Proposal 4: The mechanism of pre-configure multiple SRS is recommended for normative work.

Configuration alignment between PRS and DRX
Proposal 5: Optimization on configuration alignment between PRS and DRX is recommended for normative work.

Positioning in RRC_IDLE state
Proposal 6: DL positioning in RRC_IDLE state is recommended for normative work.
Proposal 7: RAN2 send an LS to SA2&SA3 to ask if there is any AS context/security issue for UE to report measurements with initial access messages, if yes, whether this issue can be solved.
Proposal 8: RAN2 to confirm that for deferred MT-LR service type with periodic and time determined event, LMF have acknowledgment of the occurrence of positioning event, so partial or even all event report can be omitted.
Proposal 9: UL positioning in RRC_IDLE state at least for deferred MT-LR service type with periodic and time determined event is recommended for normative work. 
Proposal 10: RAN2 send an LS to RAN1 and/or RAN4 to ask whether UE can send SRS in RRC_IDLE state, considering capability.
Proposal 11: Capture the text proposal for positioning in RRC_IDLE state into TR 38.859.

Discussion on the LS from SA2
Observation 2: Whether to provide LPHAP indication to RAN before positioning procedure is triggered is up to the requirement, i.e. the finally agreed enhancements and adopted implementations. It is hard to determine it at this stage.
Proposal 12: The draft LS in Annex A can be taken as reference.

Reference
[1]. [bookmark: _Ref66805266][bookmark: _Ref77688400]TS 38.304 User Equipment (UE) procedures in Idle mode and RRC Inactive state.
[2]. R2-2211034 LS on LPHAP information delivery to RAN.

Annex A


1. Overall Description:
RAN2 thanks SA2 for their LS on LPHAP information delivery to RAN. From RAN2 perspective, whether to provide LPHAP indication to RAN before positioning procedure is triggered is up to the requirement, i.e. the finally agreed enhancements and adopted implementations. At this stage, it is hard to determine whether is it necessary to provide LPHAP indication to RAN before positioning procedure is triggered.

Additionally, in RAN2#119bis, the issue of exposure of LPHAP indication to gNB and/or LMF was also discussed, with achieving the following agreement:

Agreement:
Exposure of LPHAP information to the gNB and/or LMF (e.g., as a UE capability) can be discussed in normative work if any enhancement for LPHAP is agreed, taking into account any guidance from SA2.

From RAN2 perspective, in addition to the way LMF send LPHAP indication to RAN in NRPPa message, the LPHAP indication to gNB can also be reported by UE via RRC message. The latter method is not limited by the trigger of positioning procedure. 

RAN2 kindly ask SA2 to take the above mentioned information into consideration.

2. Actions:
To WG SA2:
ACTION: 	RAN2 kindly ask SA2 to take the above mentioned information into consideration.

3. Date of Next TSG-RAN2 Meetings:
3GPP TSG-RAN2 Meeting #121		27 February - 3 March 2023		Athens, GR
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