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Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the SID [1], one objective of the R18 expanded and improved NR positioning is:
	· Improved accuracy, integrity, and power efficiency:
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


The required operation time of the 5G enabled IoT device and duty cycle of the updated position information for use case 6 defined in TS 22.104 [2] is shown as follow.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table A.7.2-1: Low power high accuracy positioning use cases
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)


In this contribution, some analysis and discussion are provided on potential enhancements with considering the requirements of LPHAP.
Discussion
In RAN2#119-e, the following agreements are achieved.
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.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]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.
With the discussion in RAN2#119-e, the use case is restricted to tracking of workpiece (in- and outdoor) in assembly area and warehouse and the service type is further clarified, at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ will be considered. 
To further study the possible enhancements to achieve the requirements of LPHAP, the judgement of the feasibility of these candidate enhancements mainly depends on the following two aspects:
· Power saving: whether these enhancements can be beneficial for LPHAP, mainly for power saving?
· Specification impact: the specification impact of supporting these enhancements.
In the following part, some possible enhancements will be discuss and analyzed from the above mentioned aspects.
2.1  Optimize paging and/or RRM measurements
In RAN2#119-e, RAN2 has agreed that the use case shall be restricted to tracking of workpiece (in- and outdoor) in assembly area and warehouse. In these scenarios, for some UEs, positioning is their main requirement and maybe the only requirement.
Observation 1: Considering the use case restrict for LPHAP, for some UE, positioning is their main requirement and maybe the only requirement.
· Optimization on paging
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Considering paging is one of the main sources of power consumption, to achieve 6-12 months battery life, it is meaningful to study on this optimization. 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 page UE due to positioning requirement.
Observation 2: Paging is one of the main sources of power consumption. It is meaningful to study the optimization on paging relax with considering the timing characteristic of deferred MT-LR.


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: RAN2 to study optimization on paging, e.g. UE relax the monitoring on paging during the deferred MT-LR period.
· Optimization on RRM
In RRC_INACTIVE state, the RRM measurement is mainly used for cell selection and reselection. In TS 38.304 [3], some relaxed measurement rules are already supported, which take the factors of UE mobility and UE position, i.e. cell edge, into consideration. We can further study whether these relaxed rules are enough for LPHAP scenario. 
Proposal 2: RAN2 to study whether the legacy relaxed measurement rules are enough for the power saving goal of LPHAP.
2.2  DL-PRS/SRS configuration optimized by (e)DRX information
Far from now, the (e)DRX information applied by UE and the DL-PRS/SRS configured by LMF are independent, which may result in misalignment between PRS or SRS configuration and the DRX configuration. The situation in Figure 2 may occur, i.e., the transmission occasion of PRS is in DRX off duration of UE. 


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 2. DL-PRS configuration and DRX period
[bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK42][bookmark: OLE_LINK43]Observation 3: The misalignment between (e)DRX and DL-PRS/SRS configuration may cause a long monitoring time of UE and cause unnecessary power consumption.
To align (e)DRX and DL-PRS/SRS configuration, there may need some signaling interaction between UE, NG-RAN, AMF and LMF. So that LMF may set/recommend configuration alignment between PRS and DRX according to requirement. By this way, UE can finish the measurement on PRS efficiently with lower power consumption.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 3: RAN2 to study the optimization on configuration alignment between PRS and DRX. 

1.1. 
1.2. 
2.3 [bookmark: OLE_LINK14][bookmark: OLE_LINK15] Positioning in RRC_IDLE state
Considering UE in RRC_IDLE state has less power consumption than RRC_INACTIVE state, with the low power requirement of LPHAP, it is naturally for companies call to mind to study positioning in RRC_IDLE state. However, without AS security and UE context, it brings many difficulties to signalling interaction between UE and the network, summarized as follow:
· DL positioning
· How does UE report the measurements to LMF with the LCS message event report. 
· UL positioning
· 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. 
For the common issue of UL and DL positioning, i.e. send measurements and/or event report without AS security and UE context, one possible train of thought is to evaluate whether and how these signalling can be omitted. 
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Taking into account the event report is provided by the UE to inform the LMF that the configured event type has occurred, for some service type, like MT-LR or MO-LR, the event report seems cannot be omitted. However, the LPHAP is raised mainly for industrial applications, in which the positioning usually has a period characteristic. Hence, the positioning scenario can be limited to deferred MT-LR service type with periodic and time determined event. Since the LMF know the occurrence of positioning event, partial or even all event report may can be omitted.
Observation 4: In positioning scenario of deferred MT-LR service type with periodic and time determined event, LMF have acknowledgment of the occurrence of positioning event, partial or even all event report may can be omitted.
Proposal 4: RAN2 agree to study UL and/or DL positioning in RRC_IDLE state at least for deferred MT-LR service type with periodic and time determined event.
Another issue for UL positioning is whether UE can send SRS in RRC_IDLE state, considering capability and/or AS security aspects. This should be further confirmed by RAN1.
Proposal 5: RAN2 send an LS to RAN1 and RAN4 to ask whether UE can send SRS in RRC_IDLE state, considering capability and/or AS security aspects.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]
2.4  Exposure of information to the gNB and/or LMF to identify UEs benefiting from LPHAP enhancements
To support the candidate enhancements on LPHAP, it is necessary for gNB and/or LMF to know the UE is applicable and require these enhancements. To achieve this goal, there are mainly two solutions: 
a) Defined a new UE type;
b) UE report its capability.
For the solution a), there may need huge specification work on both RAN and core network. It seems simpler to adopt solution b), by this way, UE only need to report its capability to the network. Then the network will configure the UE with considering the lower power consumption requirement.
Observation 5: To identify the requirement of UE, UE report its capability to gNB and/or LMF is a simpler way and will cause less impact on specification than define a new UE type.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]Proposal 6: RAN2 agree to adopt the method of capability reporting to identify UEs benefiting from LPHAP enhancements.
[bookmark: OLE_LINK78]Another issue is UE should report its capability to which entities. This issue is related to the enhancements which will be finally adopted and which entity to perform the enhancements. This issue can be studied in WI, at least when the potential enhancements are determined.
Proposal 7: RAN2 agree to discuss the details of UE capability reporting in WI.

2.5 Draft text proposal on LPHAP
According to the summary report of [Post119-e][407] [4], a draft text proposal is proposed in Annex A.
Proposal 8: Capture the text proposal in Annex A to TR 38.859, the text proposal is proposed according to the summary of post email [407].
Additionally, in this contribution, some controversial issues arising from the post email summary are further analysed and discussed. A draft text proposal is proposed in Annex B. 
Proposal 9: Discuss the text proposal in Annex B to TR 38.859, the text proposal is proposed according to this contribution.

Conclusion
According to the analysis in section 2, the following proposals are provided:

[bookmark: _GoBack]Optimize paging and/or RRM:
Observation 1: Considering the use case restrict for LPHAP, for some UE, positioning is their main requirement and maybe the only requirement.
Observation 2: Paging is one of the main sources of power consumption. It is meaningful to study the optimization on paging relax with considering the timing characteristic of deferred MT-LR.
Proposal 1: RAN2 to study optimization on paging, e.g. UE relax the monitoring on paging during the deferred MT-LR period.
Proposal 2: RAN2 to study whether the legacy relaxed measurement rules are enough for the power saving goal of LPHAP.

PRS/SRS align with DRX aspect:
Observation 3: The misalignment between (e)DRX and DL-PRS/SRS configuration may cause a long monitoring time of UE and cause unnecessary power consumption.
Proposal 3: RAN2 to study the optimization on configuration alignment between PRS and DRX. 

Positioning in RRC_IDLE aspect:
Observation 4: In positioning scenario of deferred MT-LR service type with periodic and time determined event, LMF have acknowledgment of the occurrence of positioning event, partial or even all event report may can be omitted.
Proposal 4: RAN2 agree to study UL and/or DL positioning in RRC_IDLE state at least for deferred MT-LR service type with periodic and time determined event.
Proposal 5: RAN2 send an LS to RAN1 and RAN4 to ask whether UE can send SRS in RRC_IDLE state, considering capability and/or AS security aspects.

Identify LPHAP requirement aspect:
Observation 5: To identify the requirement of UE, UE report its capability to gNB and/or LMF is a simpler way and will cause less impact on specification than define a new UE type.
Proposal 6: RAN2 agree to adopt the method of capability reporting to identify UEs benefiting from LPHAP enhancements.
Proposal 7: RAN2 agree to postpone the discussion on UE capability reporting to WI stage.

Text proposal aspect:
Proposal 8: Capture the text proposal in Annex A to TR 38.859, the text proposal is proposed according to the summary of post email [407].
Proposal 9: Discuss the text proposal in Annex B to TR 38.859, the text proposal is proposed according to this contribution.
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Annex A

[bookmark: _Toc112369697]6.4	Low Power High Accuracy Positioning
[bookmark: _Toc112369698]6.4.1	Target use cases and requirements for Low Power High Accuracy Positioning
Use case 6 defined in TS 22.104 [6] is the single representative use case for the study of LPHAP. 
For LPHAP, the main objective of the evaluations from the perspective of lower layers is on UE power consumption.
At least relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.
From the perspective of higher layer, the use case for any LPHAP shall be restricted 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). The requirement of positioning-only UEs needs to be considered in progress of studying candidate enhancements. For the service type, at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is supported.

[bookmark: _Toc112369700]6.4.3	Potential Specification Impact for Low Power High Accuracy Positioning
6.4.3.X Higher Layer Aspects
The potential specification impact for Low Power High Accuracy Positioning in higher layer aspects is list corresponding to the following candidate solutions:
a.	Enhance UL-SRS configuration
Limitations of SRS validity in Rel-17 are not optimal for LPHAP. The following enhancements can be studied.
-	Validity area mechanism: support area specific SRS, the configured SRS can be used if the UE is within the valid area. The valid area can include serval cells. 
-	SRS update mechanism: when UE move out of the defined positioning area, UE can get the updated SRS configuration without entering RRC_CONNECTED.
-	Pre-configure multiple SRS: multiple SRS configuration, which may belong to one or more cells, can be pre-configured to UE by the serving gNB, e.g., by broadcasting in system information.
b.	Enhance DL-PRS configuration
Higher layer will study the candidate enhancements on DL-PRS configuration after there is progress in lower layer, e.g. simplified the PRS configuration, configure PRS close to SSB, limit PRS reception in a time period, configuration alignment between PRS and DRX.
-	Configuration alignment between PRS and DRX: Solve the problem of misalignment between PRS/SRS configuration and the DRX configuration. Signalling interaction between UE, NG-RAN and the core network is needed. LMF may set/recommend configuration alignment between PRS and DRX according to requirement.
c.	Enhance event report
The optimization is for deferred MT-LR service type with periodic and time determined event. The positioning method is limited to UL positioning.
-	UE sends the configured SRS when the periodic event of deferred MT-LR is detected. Related NG-RAN nodes perform measurement and report it to LMF.

Annex B
6.4.3	Potential Specification Impact for Low Power High Accuracy Positioning
6.4.3.X Higher Layer Aspects
The potential specification impact for Low Power High Accuracy Positioning in higher layer aspects is list corresponding to the following candidate solutions:
a.	Optimization on paging during deferred MT-LR
Paging is one of the main sources of power consumption for RRC_INACTIVE UE. To achieve 6-12 months battery life, the optimization on paging can be studied. The optimization is limited to the service type of deferred MT-LR, applicable for positioning-only UEs.
-	UE report indications to the network, e.g. in form of capability. 
-	The network will not paging the UE until the end of the whole deferred MT-LR positioning event, and UE can stop monitoring the POs during this period.
b.	Positioning in RRC_IDLE state
The optimization is considered at lease for deferred MT-LR service type with periodic and time determined event. Both UL and DL positioning are contained.
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T he required operation time of the 5G enabled IoT device and duty cycle  of   the updated position  information for  use case   6  defined in TS 22.104   [2]   is shown as follow .   Table A . 7 . 2 - 1:  Low power high  accuracy   positioning use cases  

Use   Case #  Horizontal  a ccuracy  Corresponding  service level  (22.261)  Positioning interval/  duty cycle  battery life time/ minimum  operation time  

1  10 m  Service Level 1  on request  24 months  

2  2 m to 3 m  Service Level 2  < 4 seconds  > 6 months  

3  < 1 m  Service Level 3  no indication  1 work shift  -   8 hours (up to 3 days, 1  month for inventory purposes)  

4  < 1 m  Service Level 3  1 second  6  -   8 years  

5  < 1 m  Service Level 3  5 seconds  -   15 minutes  18 months  

6  < 1 m  Service Level 3  15   s to 30   s  6  -   12 months   

7  30 cm  Service Level 5  250 ms  18 months  

8  30 cm  Service Level 5  1 second  6  -   8 years (no strong limitation in  battery size)  

9  10 m  Service Level 1  20 minutes  12 years (@20mJ/position fix)  
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