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1. [bookmark: _Ref73829754]Introduction
[bookmark: Proposal_Pattern_Length]RAN1, RAN2 and SA2 discussed the support of LPHAP. 
However following issues are still open:
· Issue 1: handling of positioning in RRC_IDLE;
· Issue 2: handling of LPHAP indication (SA2 LS in [1], and RAN2 agreements)
· Issue 3: handling of multiple SRS configuration;
· Issue 4: the feasibility of configuration alignment between PRS and DRX (at least paging DRX)..
In this contribution, we continue the discussion on  potential RAN2 impact and provide our view on what can be discussed in WI phase. 
Discussion
  2.1 Support of positioning in RRC_IDLE
RAN1 discussed the support of positioning in RRC_IDLE, see FL summary:
	From reviewing the contributions in this meeting, 7 companies (CATT, vivo, Samsung, InterDigital, CMCC, Ericsson, Qualcomm) provide views on the study of DL positioning in RRC_IDLE state.
· It is stated in [8/Samsung] that, the potential enhancements on LPHAP is limited to RRC_INACTIVE and/or RRC_IDLE state, which is a RAN2-led objective, therefore, RAN1 should wait for RAN2’s clarification on whether positioning in RRC_IDLE is within the scope of LPHAP.
· 4 companies (vivo, CMCC, Ericsson, Qualcomm) propose that at least DL PRS measurement in RRC_IDLE state should be supported. Furthermore, 2 companies (CATT, InterDigital) suggest to study whether/how to support measurements/location estimates reporting in RRC_IDLE states.
FL comments: In Rel-17 SI, the following agreements were achieved in RAN1#103-e meeting. RAN1 understands that the DL PRS measurement is feasible in RRC_IDLE state; while whether to support the measurements/location estimates reporting in RRC_IDLE states should be up to RAN2. It is noted that uplink data transmission in UL SDT is only supported for UEs in RRC_INACTIVE states in Rel-17, RAN2 should check whether UL SDT in RRC_IDLE state is feasible. 
	Agreement:
Capture the following in the TR:
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.
Conclusion:
It is up to RAN2 to decide whether to support the enhancements of NR positioning reporting of DL positioning measurements and/or positioning estimates for RRC_IDLE Ues.






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;
Based on the email discussion [407], RAN2 agreed:

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:
-	Concern 1: 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.
-	Concern 2: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?
 For concern 1, we split the procedure to two parts: part 1 measurement; Part 2 reporting; 
For measurements in RRC_IDLE, to our understanding, there is additional power saving benefit for RRC_IDLE compared to RRC_INACTIVE since the paging, RRM requirements are different. The UE can get additional power consumption gain when performing positioning measurement in RRC_IDLE. 
Regarding the location report, there should no be big difference between report in RRC_CONNECTED and report in RRC_INACTIVE since the network can take care of the UE’s LPHAP requirement and may move the UE to RRC_IDLE quickly.   
Proposal 1: There is additional power saving benefit of performing positioning in RRC_IDLE and report in CONNECTED compared with performing positioning in RRC_INACTIVE.  
For concern 2, 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, we tend to agree that it should be confirmed by SA2. 
Proposal 2: RAN2 to send LS to SA2, 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. 
Another concern mentioned in [407] is
	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?



The solution proposed in [2] is
	Proposal 5: RAN2 is suggested to study DL positioning measurement reporting in RRC_IDLE state by taking 1) legacy RACH procedure; 2) legacy PUR design as baseline, details are FFS.




So far, unlike LTE, we do not have any solution to allow the UE to send data in RRC_IDLE. LTE early data transmission for IoT device (based on PRACH)  is not supported in NR for RRC_IDLE. SDT is also not supported for RRC_IDLE. However it is under RAN1 scope, RAN2 should wait for RAN1 to provide feedback on the feasibility of positioning reporting in RRC_IDLE.. 

Proposal 3: RAN2 waits for RAN1 to provide feedback on the feasibility of positioning reporting in RRC_IDLE.. 
For UL positioning in RRC IDLE, the open issue left in [407] is
	Proposal 8: RAN2 to further discuss whether to study UL positioning in RRC_IDLE (5/14) including the following issues:
· The beneficial for power saving of support UL positioning in RRC_IDLE state;
· Whether UE can send SRS in RRC_IDLE state, considering capability and/or AS security problem;
· The accuracy of PRACH based positioning;




The main issue to support UL positioning in RRC-IDLE is whether and how the UE sends UL SRS in RRC_IDLE, what TA/SRS resources should be used. Same issue for PRACH, e.g. the accuracy of PRACH based positioning.  This should be discussed in RAN1 first. 
Proposal 4: RAN2 waits for RAN1 to provide feedback on the feasibility of UL positioning in RRC_IDLE. 
  2.2 Paging and RRM measurements for LPHAP
As discussed in [407]
	Proposal 1: RAN2 to further study optimization on paging and/or RRM measurements for the 6 - 12 months battery life requirement of LPHAP (8/15) including:
1. Discuss if there is requirement of positioning-only UEs in LPHAP. 
2. Discuss the candidate solutions based on the requirement:
· a) Relax paging and/or RRM measurement through simple negotiation between UE and network. (4/14)
· b) Define a new mode for LPHAP with reference to the MICO mode which is used for CM_IDLE UE at present. (3/14)
· c) Extended DRX or reduce/configure the SSB to match the PRS instance. (1/14)




For paging optimization, the proposal from company is, “After receiving the positioning request of deferred 5GC-MT-LR, during the whole deferred MT-LR period, NW may not page UE due to positioning requirement.”. We see the following problems:
· So far, MT-LR period is not predicable since it mainly depends on the event. And therefore it is unclear how can network to avoid this. 
· It is unclear whether the UE needs to read paging during the period, e.g. for ETWS, CMAS or other service;
· It is not in RAN2 scope, should be discussed in SA2. 
· RAN2 should focus on positioning enhancements instead of general power saving aspects. 
Proposal 5: Paging optimization should be discussed in a separate WI instead of positioning SI/WI. 
For defining a new mode for RRC_INACTIVE, similar to MICO, our concerns are:
· To introduce “MICO” for RRC_INACTIVE will impact RAN2, SA2, CT groups;
· RAN2 should focus on positioning enhancements instead of general power saving aspects. 
Proposal 6: The need for a new mode “MICO” for RRC_INACTIVE should be discussed in a separate  WI instead of positioning SI/WI. 
2.3 LPHAP indication (SA2 LS)
RAN2 discussed LPHAP indication, but no conclusion on whether a separate indication from AMF is needed or the LMF/gNB may be aware of it based on UE capability.  Therefore RAN2 concluded to discuss it in normative work. 
In  the meanwhile, SA2 also discussed the issue and concluded 
	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.


 
Based on SA2 conclusion, the LMF can get the LPHAP indication from the AMP 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 cope on how the AMF gets the indication, and how the AMF sends the indication to the LMF. 
Proposal 7: 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).  
Regarding SA2 question “SA2 kindly asks RAN WG, is it necessary to provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered?”, similar to the discussion in 2.2, we should focus on the positioning related enhancements. Providing LPHAP indication to RAN at earlier time, before positioning procedure is triggered, is definitely unrelated to positioning itself. And therefore we do not see the need to discuss it. 
Proposal 8: Reply SA2 that for LPHAP, RAN2 would like to focus on the enhancement related to positioning procedure, and therefore do not consider “provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered”.  
2.4 Issue on multiple SRS configuration
As discussed in RAN2, the potential solution on SRS enhancements are
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.

To our understanding, the spirit of the item a and c is, the network provides multiple configurations (per area) to the UE, and the UE can select the SRS based on comped 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 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. 
Proposal 9: RAN2 should select a solution that does not require the measured gNB to monitor multiple SRS configuration simultaneously for a UE.  
2.5 the feasibility of configuration alignment between PRS and DRX 
RAN2 discussed the enhancements on PRS configuration, and concluded that “RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).”. 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. 
Proposal 10: Based on LPHAP indication from the LMF, it is feasible for the RAN to align DRX configuration with PRS configuration for corresponding UE.  
2.6 Potential outcome of the SI phase 
In RAN1#110bis, RAN1 concluded that 
	Conclusion
· From evaluations for a LPHAP device, RAN1 concludes that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined. 
· Based on the evaluations, enhancements to meet the target battery life in Rel-18 are necessary.



Therefore in WI phase, RAN2 can continue the discussion/study on power consumption enhancements for LPHAP, including:
· SRS related enhancements to avoid frequent reconfiguration of SRS configuration upon cell change;
· Alignment between PRS configuration and DRX configuration;
· Feasibility of measurement in RRC_IDLE and report in RRC_CONNECTED;
Proposal 11: RAN2 recommendation should be, in WI phase, continue the discussion/study on the enhancements for LPHAP, including.  
· SRS related enhancements to avoid frequent reconfiguration of SRS configuration upon cell change;
· Alignment between PRS configuration and DRX configuration;
· Feasibility of measurement in RRC_IDLE and report in RRC_CONNECTED;

 
1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: There is additional power saving benefit of performing positioning in RRC_IDLE and report in CONNECTED compared with performing positioning in RRC_INACTIVE.  
Proposal 2: RAN2 to send LS to SA2, 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 3: RAN2 waits for RAN1 to provide feedback on the feasibility of positioning reporting in RRC_IDLE. 
Proposal 4: RAN2 waits for RAN1 to provide feedback on the feasibility of UL positioning in RRC_IDLE. 
Proposal 5: Paging optimization should be discussed in a separate WI instead of positioning SI/WI. 
Proposal 6: The need for a new mode “MICO” for RRC_INACTIVE should be discussed in a separate WI instead of positioning SI/WI. 
Proposal 7: 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 8: Reply SA2 that for LPHAP, RAN2 would like to focus on the enhancement related to positioning procedure, and therefore do not consider “provide LPHAP indication to RAN at an earlier time, before positioning procedure is triggered”.  
Proposal 9: RAN2 should select a solution that does not require the measured gNB to monitor multiple SRS configuration simultaneously for a UE.  
Proposal 10: Based on LPHAP indication from the LMF, it is feasible for the RAN to align DRX configuration with PRS configuration for corresponding UE.  
Proposal 11: RAN2 recommendation should be, in WI phase, continue the discussion/study on the enhancements for LPHAP, including.  
· SRS related enhancements to avoid frequent reconfiguration of SRS configuration upon cell change;
· Alignment between PRS configuration and DRX configuration;
· Feasibility of measurement in RRC_IDLE and report in RRC_CONNECTED;

1. [bookmark: _Ref434066290]Reference
[1] R2-2211034_S2-2209591 LS on LPHAP information delivery to RAN, SA2
[2] R2-2207703	Discussion on low power high accuracy positioning	Lenovo

1. Annex LPHAP related agreements

[bookmark: _Hlk104321939]RAN2#119, RAN2 agreed:

Agreements:
Proposal 1: RAN2 shall restrict the use case for any LPHAP discussions in RAN2 to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104).
RAN2 to consider at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273.  Other procedures are not excluded from discussion.
RAN2 shall wait for RAN1 conclusions from evaluations on UE power consumption with respect to baseline functionality and whether enhancements are needed.  RAN2 will study potential areas for higher layer enhancements that may result in reduction of UE power consumption.

RAN2#119bis, RAN2 further agreed:
Agreement:
RAN2 do not introduce a new device type for positioning only.

Agreement:
Proposal 2: RAN2 agree that support of MT-SDT in Rel-18 positioning is treated as low priority in SI. (14/15)

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:
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.

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?



