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1. Introduction

In the approved Rel-18 SID on expanded and improved NR Positioning [1], the objective to evaluate and study the low power high accuracy requirements provided by SA1 was justified as follow:
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Furthermore, RAN2 has initiated Rel-18 Positioning discussion in latest RAN2#119 e-meeting and following conclusions have been reached on LPHAP [2].
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In this contribution, we provide our views on RAN2 issues and solutions for positioning to satisfy the low power and high accuracy requirements based on above agreements.
2. Discussion
It is confirmed by RAN1 that the use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP. This use case provides a balance between the expected battery lifetime of a UE, coupled with reasonable stringent horizontal accuracy requirements. And at least the 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.
	Use Case #
	Use Case description
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery lifetime/ minimum operation time

	6
	Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
	< 1 m

for 90% UEs
	Service Level 3
	15 s to 30 s
	6 – 12 months


Based on the conclusions, RAN1 aims to evaluate whether current positioning technic can meet the defined LPHAP requirements especially on power consumption, RAN2 is suggested to study the potential areas for higher layer enhancements that may result in reduction of UE power consumption for LPHAP.
2.1 Supported service type in LPHAP
In latest RAN2#119 e-meeting [2], it has been agreed that to consider at least the “Low Power Periodic and Triggered 5GC-MT-LR Procedures” in TS 23.273 for LPHAP, and other procedures are not excluded from discussion. From our view, we don’t see the reason to restrict any of location service types at the study item phase to narrow down the potential enhancements of LPHAP at this stage, and we are open to take both MO-LR, MT-LR and deferred MT-LR into consideration for low power enhancements. Considering this, RAN2 is suggested to confirm the support of MO-LR, MT-LR in addition to deferred MT-LR.
Proposal 1: RAN2 is suggested to confirm the support of MO-LR, MT-LR for LPHAP. 
2.2 SRS configuration enhancements
Considering SRS configuration is invalid when UE reselect to a new cell which is different from the cell the SRS is configured or TA becomes invalid. UE needs to acquire new SRS configuration and new TA configuration when moves into a new cell, the cell-specific SRS configurations are inconsistent with the low power requirement for LPHAP since a moving UE needs to acquire new SRS configurations frequently across the cells.
Observation 1: Cell-specific SRS configurations are inconsistent with the low power requirement for LPHAP since a moving UE needs to acquire new SRS configurations frequently across the cells.

To solve the mobility issues and reduce the power consumption, positioning area can be defined in which the SRS configurations are continued to be kept valid when UE moves within the same positioning area. The positioning area can be configured associated with the SRS configuration in RRC_INACTIVE/RRC_IDLE state, cells within the defined positioning area perform SRS reception and measurement as the configurations. The positioning area may be consisted by one or multiple cells within the RNA/CN Tracking area or within the same LMF management. Furthermore, the positioning area can be also one or more specified neighboring cells surrounding with the current serving cells or one or multiple cells within the specific range of serving cell, detailed definition can be further study.
Proposal 2: Positioning area is defined in which the SRS configurations are continued to be kept valid when UE moves within the positioning area. The positioning area includes one or multiple cells.
2.3 DL positioning in RRC_IDLE state

In Rel-17 SI phase on positioning, 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. In RAN1#109 meeting discussion for Rel-18 Positioning, several companies provide their views on the study of DL Positioning, and following conclusions have been proposed and supported by most companies [3]:

· Support of DL positioning measurements in RRC_IDLE state.

· Send a LS to RAN2 and ask response for whether to support DL positioning measurements and/or location estimates reporting in RRC_IDLE state.
However, since it is noted that uplink data transmission in UL SDT is only supported for UEs in RRC_INACTIVE state in Rel-17 and both gNB and core network have no knowledges for UEs in RRC_IDLE state, legacy solutions in RRC_INACTIVE state cannot be fully reused, RAN2 should check the feasible solutions for positioning in RRC_IDLE state, which includes the details of DL positioning procedures for capability transfer, positioning assistance data delivery, and location information measurement reporting for UEs in RRC_IDLE state. 
Observation 2: RAN1 has confirmed it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state. It is up to RAN2 to further check the solutions for DL positioning in RRC_IDLE state.
For positioning in RRC_INACTIVE state, RAN2 has agreed that the positioning assistance data can be delivered to UE through the following ways: a) positioning system information, i.e., posSIB; b) pre-configure assistance data when UE in RRC_CONNECTED state. c) send to UE in RRC_INACTIVE during ongoing SDT procedure. It is suggested to consider whether the solutions for RRC_INACTIVE UEs can still be applied in RRC_IDLE UEs firstly.

Since SDT procedure is not supported for UEs in RRC_IDLE state, option c) seems not applicable for positioning assistance data delivery in RRC_IDLE state, while SIB reception and pre-configuration in RRC_CONNECTED state are available for both RRC_INACTIVE and RRC_IDLE state, RAN2 is suggested to study reuse the option a) and option b) for positioning assistance data delivery in RRC_IDLE state. And as the validity conditions studied in RRC_INACTIVE state, the Positioning assistance data for DL positioning in RRC_IDLE state can also be provided with associated validity conditions, e.g., validity area, validity timer, etc.
Proposal 3: For DL positioning in RRC_IDLE state, the positioning assistance data can be delivered to UE through following ways: a) broadcast of positioning system information, i.e., posSIB; b) pre-configure assistance data when UE is in RRC_CONNECTED state.
Proposal 4: The Positioning assistance data for DL positioning in RRC_IDLE state can be provided with associated validity conditions, e.g., validity area etc.
RAN2 should further decide whether to support the enhancements of NR positioning reporting of DL positioning measurements and/or positioning estimates for RRC_IDLE UEs according to RAN1’s conclusion. Since UL-SDT transmission is not supported for RRC_IDLE state, the solutions of measurement reporting for positioning in RRC_INACTIVE state by SDT cannot be reused, new enhancements for the DL positioning measurement reporting need be specified. 
For one option, legacy RACH procedure can be considered as baseline for the location information transmission, UE may transmit DL positioning measurement reporting in MSG3 if 4-step RACH is applied or in MSG A if 2-step RACH procedure is applied. For another option, similar as legacy PUR design for RRC_IDLE UEs, pre-configured dedicated uplink resource can also be used for the location information transmission. The DL positioning measurement reporting design in RRC_IDLE state can take both above options as baseline, details for implement the design are for further study.
Proposal 5: RAN2 is suggested to study DL positioning measurement reporting in RRC_IDLE state by taking 1) legacy RACH procedure; 2) pre-configured uplink resource as baseline, details are FFS.
2.4 UL positioning in RRC_IDLE state
Different with DL positioning, RAN1 has no conclusions on the feasibility of UL positioning for RRC_IDLE state in previous releases, there still has some controversy on whether the UL positioning in RRC_IDLE state should be supported or not in latest RAN1#109 e-meeting. Basically, as long as an SRS configuration is valid, no problem is identified to transmit the SRS in RRC_IDLE state from RAN1’s perspective. On this conclusion, RAN2 is suggested to study the UL Positioning solutions in RRC_IDLE state. However, as for a UE in RRC_IDLE state, it is no longer in CM-CONNETCED and the LPP and UE context in NW may be released, which causes various issues on e.g., SRS configuration, TA maintenance, etc. We present our views on those issues for UL positioning in RRC_IDLE state from RAN2’s perspective.  
In Rel-17 positioning, UL SRS for positioning transmissions in RRC_INACTIVE states were specified. The UE keeps using the SRS configuration obtained via RRCRelease unless validity criteria fail (e.g., upon cell re-selection, TA invalidation, etc.). When transits from RRC_CONNECTED to RRC_IDLE state, UE may release all configurations received in RRC_CONNECTED and no suspend configuration is provided as in RRC_INACTIVE state, then new SRS configuration mechanism needs to be defined for UEs in RRC_IDLE state to perform UL Positioning. Since it is difficult to pre-configure the SRS configuration in SIB information due to the uniqueness of each UE, and request SRS positioning by RACH procedure may not satisfy the low power requirements. We prefer to reuse the principle of SRS configuration in RRC_INACTIVE state, network includes the details of the SRS configuration for RRC_IDLE state (e.g., SRS_IDLEConfig) in RRCRelease message when moves UE to RRC_IDLE state, UE stores the provided SRS configuration for RRC_IDLE state when receive the RRCRelease message and applies the received configuration when transits to RRC_IDLE state.
Proposal 6: For UL positioning in RRC_IDLE state, network includes the details of the SRS configuration for RRC_IDLE state in RRCRelease message when moves UE to RRC_IDLE state. UE stores the provided SRS configurations when receive the RRCRelease message.
For UL positioning, UE needs to check TA validation before each SRS transmission, the TA configuration is provided by network to UE, for UL positioning in RRC-INACTVE state, the TA validation follows the TA design in SDT solutions. Since both NW and UE release the stored UE context when UE transits from RRC_CONNECTED to RRC_IDLE state and SDT cannot be supported, legacy TA validation and TA command transmission may need to be enhanced. RAN2 is suggested to study the Time Alignment mechanism enhancements to support UL Positioning in RRC_IDLE state.

Proposal 7: RAN2 is suggested to study the Time Alignment mechanism enhancements to support UL Positioning in RRC_IDLE state.
2.5 DRX impact on Positioning
DRX can be introduced as an efficient way to reduce power consumption, and evaluation of baseline Rel-17 RRC_INACTIVE state positioning with the evaluation assumptions agreed for the study show that the power consumption on deep sleep state accounts for the highest proportion in the total power, which means UE’s transmission/reception behaviors are suggested to be performed in active time when UE configured with DRX to minimize power consumption. The alignment between DRX active time duration and positioning transmission/reception are suggested to be studied for LPHAP. To implement the alignment, LMF should be aware of the DRX configurations and provide corresponding PRS configurations, in which the PRS reception/measurements occurs within UE active time duration. Considering different DRX configurations correspond to different RRC state of UE, associated procedures may include the DRX configurations depending on the UE’s RRC state should be shared with the LMF from the NG-RAN node or from UE.
Proposal 8: The DRX configurations depending on the UE’s RRC state should be shared with the LMF from the NG-RAN node or from the UE.
3. Conclusion

Proposal 1: RAN2 is suggested to confirm the support of MO-LR, MT-LR for LPHAP. 
Proposal 2: Positioning area is defined in which the SRS configurations are continued to be kept valid when UE moves within the positioning area. The positioning area includes one or multiple cells.
Proposal 3: For DL positioning in RRC_IDLE state, the positioning assistance data can be delivered to UE through following ways: a) broadcast of positioning system information, i.e., posSIB; b) pre-configure assistance data when UE is in RRC_CONNECTED state.
Proposal 4: The Positioning assistance data for DL positioning in RRC_IDLE state can be provided with associated validity conditions, e.g., validity area etc.
Proposal 5: RAN2 is suggested to study DL positioning measurement reporting in RRC_IDLE state by taking 1) legacy RACH procedure; 2) pre-configured uplink resource as baseline, details are FFS.
Proposal 6: For UL positioning in RRC_IDLE state, network includes the details of the SRS configuration for RRC_IDLE state in RRCRelease message when moves UE to RRC_IDLE state. UE stores the provided SRS configurations when receive the RRCRelease message.

Proposal 7: RAN2 is suggested to study the Time Alignment mechanism enhancements to support UL Positioning in RRC_IDLE state.
Proposal 8: The DRX configurations depending on the UE’s RRC state should be shared with the LMF from the NG-RAN node or from the UE.
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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.


Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state.





RAN2#119 e-meeting agreements on LPHAP


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.
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