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Introduction
In RAN1#109-e meeting, the following agreements on LPHAP were achieved [1]:
Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

Agreement
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.

Agreement
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.

Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.

Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.

Agreement
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}.



Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)




Agreement
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
· Examples of these parameters are provided as follows:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[10] hours
	[20] %
	[FTP (model 3)]
	[800] mAh
	[12] months




Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.

Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).

Agreement
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.

Agreement
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):

	N: Number of TRPs for DL PRS measurement
	Synchronous case (baseline)
	Asynchronous case (optional)

	
	FR1 (baseline)
	FR2 
(optional)
	FR1
	FR2

	N=4 (baseline)
	120
	195
	140
	255

	N=8 (optional)
	150
	225
	170
	285



Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

Agreement
· For UL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· UL SRS for positioning transmission with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UL positioning is also applicable to the UL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

In this contribution, we will discuss potential enhancements for LPHAP. 
Possible enhancement for LPHAP
According to the agreement, in Rel-18 low power and high accuracy positioning, horizontal positioning accuracy is required to be less than 1m for 90% of UEs. This has already been supported by Rel-17 positioning. The main target of LPHAP is to reduce the power consumption to meet 6-12 months UE battery life. In the following, several potential solutions are provided.
DL enhancement
According to the objective of SID [2], the study is focused on enhancements to RRC_INACTIVE and/or RRC_IDLE state. From our point of view, RRC_IDLE positioning should also be considered in Rel-18. For Rel-17 UE positioning in RRC_INACTIVE state, configuration of PRS resources is carried by system information. Measurement reporting has been supported by SDT mechanism. The PRS configuration for RRC_INACTIVE state could be reused for RRC_IDLE state as system information reception is enabled for RRC_IDLE UE. Therefore, it is possible to perform DL positioning measurement in RRC_IDLE state. However, SDT is not supported for RRC_IDLE UE. Therefore, the enhancement in Rel-18 is to support measurement reporting in RRC_IDLE state.
[bookmark: _GoBack]
Proposal 1: For DL positioning, enhancement to support measurement reporting in RRC_IDLE state could be considered for LPHAP in Rel-18.

UL enhancement
In Rel-17, the configuration of SRS-Pos for RRC_INACTIVE UE is carried by RRC release signaling. Validity criteria of the configuration has also been agreed to reuse that of the pathloss measurement. In the case that RRC_INACTIVE UE moves to the neighboring cell, the SRS configuration usually becomes invalid and UE stops transmission of SRS. But the use case #6 as defined in TS 22.104 requires UE to transmit SRS-Pos periodically. If UE has to enter RRC_CONNECTED state to obtain the new SRS-Pos configuration, large power consumption would be resulted in. To meet the requirement of use case #6, one possible enhancement is to design a new mechanism of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state, especially for the case when UE moves out of the original cell. As a candidate scheme, referring to DL positioning, candidate SRS resource configurations could be carried by system information. An SRS-Pos request could be sent by a new PRACH procedure. Then one of the candidate SRS resource configurations could be indicated to the UE in Msg2. This scheme is suitable for deferred MT-LR positioning. If it is event-triggered, UE would either send SRS-Pos using current configuration or request a SRS configuration from the network.

Proposal 2: For UL positioning, the mechansim of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state should be enhanced especially for the case when UE moves out of the original gNB in Rel-18.
Proposal 3: The following SRS-Pos configuration method for UL positioning could be considered:
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
Paging optimization during the deferred MT-LR period
There could be some special scenarios where the UE only needs positioning service, but doesn’t need communication service. Therefore, it is possible to relax Paging Occasions (POs) monitoring according to the time characteristic of positioning service. Refer to the deferred 5GC-MT-LR procedure, only when received the deferred location request from LCS client or AF, AMF will 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 will not page UE according to positioning requirement. Therefore, UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR according to its capability. As shown in Figure 1, UE would monitor PO based on DRX/eDRX mechanism. Once the UE received a request of deferred 5GC-MT-LR procedure for periodic event, the UE can stop monitoring the PO until the end of the whole location event. In this way, the power consumption of the UE can be further reduced.


[bookmark: _Ref111125464]Figure 1: Paging optimization scheme
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Proposal 4: UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR period. 

Conclusions
In this contribution, we discuss the possible enhancements for LPHAP, and have the following proposals: 
Proposal 1: For DL positioning, enhancement to support measurement reporting in RRC_IDLE state could be considered for LPHAP in Rel-18.
Proposal 2: For UL positioning, the mechansim of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state should be enhanced especially for the case when UE moves out of the original gNB in Rel-18.
Proposal 3: The following SRS-Pos configuration method for UL positioning could be considered:
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
Proposal 4: UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR period. 
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