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1 Introduction
During the last online discussion, RAN2 has confirmed the use case of the LPHAP and come to some initial agreements for the following study as follows.
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.

The candidate higher layer enhancements submitted to RAN2#119-e are summarized in the post-meeting email discussion [1]. Several way-forwards for the LPHAP related enhancement are agreed in the aspects of SRS related enhancement, PRS related enhancement and DL Positioning in RRC_IDLE. The details are as follows.
Enhance SRS configuration

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.

Enhance DL-PRS configuration
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).

DL positioning in RRC_IDLE

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?

In this contribution, we discuss the requirement for LPHAP and the potential enhancements based on the requirements from SA1 and evaluation results from RAN1.
2 Discussion
UL Positioning in RRC_IDLE
Transiting to the RRC_INACTIVE and/or RRC_IDLE state is identified to be one of solutions to meet the power saving requirement. During the past RAN1 and RAN2 meeting, several companies mentioned positioning in the RRC IDLE state in their contribution. Compared with RRC-INACTIVE, RRC-IDLE with longer sleep time could reduce more power consumption. 
For UL positioning methods, the target device just sends SRS without measurement/location and TRP measures UL-SRS transmissions from the target device. The power consumption caused by location estimate is also saved though it is not considered in RAN1’s evaluation. Compared to DL positioning methods, the main power consumption results from the UL reference signal transmission. 
Observation 1: LMF-based UL positioning methods may be more power efficient, especially for IDLE mode UE. 
However, it still needs some enhancement in higher layer to identify the IDLE mode UE since the UE context is already released by the NW. The main restriction for the UL positioning in RRC_IDLE is that NW could not recognize the UE based on the existing method. Although RAN1 is the right group to decide whether UL positioning in RRC_IDLE should be studied in Rel-18, higher layer still need to discuss how to resolve the identified issues such as identification of the SRS from RRC_IDLE UE.
Proposal 1: RAN2 is kindly asked to trigger the discussion about solutions to enable UL positioning in RRC-IDLE. LS to SA may be needed.
Sleep type and Power State

As mentioned in S 22.104, besides the energy for positioning, energy for communication/‌synchronization should also be taken into account. Based on the requirement from SA, RAN1 establishes the power consumption model for LPHAP. To evaluate the power consumption, sleep mode and power state are two important aspects to consider. For the sleep type, RAN1 decided to take the three sleep types in TR38.840 as the baseline in RAN1#109-e meeting. Furthermore, RAN1 proposed to consider an ultra-deep sleep state for the performance evaluation since the battery life for LPHAP is quite rigid. For the power consumption model, as shown in the below chart listed in RAN1#109-e meeting, different power states with different operations (PDCCH-only, PDCCH + PDSCH, SSB proc. And so on). That is, every communication/‌synchronization operation consumes some power which shorten the UE’s battery life to a certain extent.
	Agreement related to power state

Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.

Power State

Relative power

PDCCH-only (PPDCCH)

50Note

PDCCH + PDSCH (PPDCCH+PDSCH)

120

SSB proc. (PSSB)

50

UL

250 (0 dBm)

700 (23 dBm)

(Optional) PRACH

[210]

(Optional) BWP switching

[50]

(Optional) Intra-frequency RRM measurement (Pintra)

[60] (synchronous case, N=8, measurement only; Pintra, meas-only)

[80] (combined search and measurement; Pintra, search+meas)

(Optional) Inter-frequency RRM measurement (Pinter)

[60] (measurement only per freq. layer; Pinter, meas-only)

[150] (neighbor cell search power per freq. layer; Pinter, search-only)

Micro sleep power assumed for switch in/out a freq. layer

Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.




In the last meeting, RAN1 come to the conclusion that the current R17 INACTIVE positioning mechanism is not power efficient enough to meet the rigid requirement for LPHAP which is stated as follows.
· 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.

Since there are still a big gap between the power consumption of the current mechanism and requirement of the LPHAP, one potential solution is to further suspend some operations in RRC-INACTIVE/IDLE. During last meeting, RAN2 agreed that a new UE type will not be introduced but were acknowledged that LPHAP UE may only requires positioning service with high accuracy and barely require other communication service. It is worth to check these communication/‌synchronization operations case by case to see if it is possible to achieve the positioning service even though UE suspends some operations. But how to enable the suspension when complete the LPHAP request is still need more discussion.

Observation 2: To meet the requirement of the LPHAP, one potential solution is to suspend some operations in RRC-INACTIVE/IDLE.
In 5G, Mobile Initiated Connection Only (MICO) mode is introduced to meet the extreme power saving requirements. For example, Mobile Initiated Connection Only (MICO) mode is introduced as a working mode in CM-IDLE especially for IoT device. Upper layers may deactivate AS layer when MICO mode is activated for RRC_IDLE UE which means that UE may stop any idle mode operations in CM-IDLE like paging monitoring, cell re-selection, RAU and so on. However, UE in MICO mode is available only when there is Mobile originated data. The application scenario is quite limited (e.g., deferred MT-LR or MO-LR).

Observation 3: With the legacy MICO mode, UE is available only when there is Mobile originated data which is only feasible for deferred MT-LR or MO-LR.
We agree with some companies that purely power saving enhancement is out of the scope of this WI. However, to meeting the power saving requirement of LPHAP, some enhancements are necessary to achieve the location service in case of low power consumption. In another word, UE behaviour in the existing power saving state/method should be further enhanced considering the characteristic of location service. 
To achieve similar energy efficiency as MICO for LPHAP, a MICO-like mode can be introduced especially for LPHAP UEs in RRC_INACTIVE and RRC_IDLE state. The new mode can be named as LPHAP-ultra-sleep mode, for which the UE behaviour in MICO mode can be taken as baseline (e.g., suspending some operations like paging and RRM).
Proposal 3: RAN2 is kindly asked to introduce a MICO-like mode to RRC-INACTIVE/IDLE state for LPHAP (e.g., suspending some operations like paging and RRM).
Discussions about positioning configuration
When it comes to the positioning configuration, Rel-17 has some enhancement for INACTIVE UL and DL positioning. We have the common enhancement that any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. In some cases, SDT is not always the best choice for the configuration since the data volume threshold size to support SDT transmissions is limited. The UE is likely to transit back to RRC_CONNECTED if the NW sends the big-size configuration. Thus, system information (SI) is the potential solution to configure the LPHAP for RRC_INACTIVE/RRC_IDLE UEs. RAN2 has confirm that pre-configure multiple SRS is one of the potential enhancement for the R18 LPHAP. 
Proposal 4: RAN2 is kindly asked to confirm the UL-SRS configuration distribution enhancement for LPHAP (e.g., broadcasted by SI). 
3 Conclusions
In this contribution, we further discuss the requirement for LPHAP and the potential enhancements. The proposals and observations are as follows.
Observation 1: LMF-based UL positioning methods may be more power efficient, especially for IDLE mode UE. 

Proposal 1: RAN2 is kindly asked to trigger the discussion about solutions to enable UL positioning in RRC-IDLE. LS to SA may be needed.

Observation 2: To meet the requirement of the LPHAP, one potential solution is to suspend some operations in RRC-INACTIVE/IDLE.
Observation 3: With the legacy MICO mode, UE is available only when there is Mobile originated data which is only feasible for deferred MT-LR or MO-LR.

Proposal 3: RAN2 is kindly asked to introduce a MICO-like mode to RRC-INACTIVE/IDLE state for LPHAP (e.g., suspending some operations like paging and RRM).
Proposal 4: RAN2 is kindly asked to confirm the UL-SRS configuration distribution enhancement for LPHAP (e.g., broadcasted by SI). 
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