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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A work item on expanded and improved NR positioning was approved in RANP#98e meeting [1]. One of the objectives related to supporting Low Power High Accuracy Positioning (LPHAP) is given below: 

	· [bookmark: _Hlk117605316]Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In RAN1#113 meeting, we made the following selected agreements [3]:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support:
· Alt. 2-1 (modified): Reuse the configuration of pathloss RS in Rel-17;
· FFS: A CD SSB or non-CD SSB can be configured as pathloss RS
· If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.

For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· The DL reference timing follows the DL timing of current camping cell.
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking about feasibility and necessary conditions (e.g. whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference).





In this contribution, we discuss some considerations on UL and DL+UL positioning for UEs in RRC_INACTIVE state. 
2 Discussions
A UE supporting LPHAP is expected to save a significant power consumption feature compared to the legacy UE in NR. Hence, the LPHAP target battery life as discussed during study item phase can be met. On the other hand, some limitations are expected in the operation of LPHAP UE. There are many potential use-cases, for example, on the operation of LPHAP UE in a factory / warehouse with a certain number of base-stations. The position of the LPHAP UE needs to be tracked by the system for certain purposes, such as factory automation, tracking, logistic, etc. The LPHAP UE is expected to only have mobility function within the factory / warehouse. Hence, it will interact with those base-stations (gNB) as illustrated in Figure 1. Here, the LPHAP UE supports mobility with a limited number of gNBs. We assume once the LPHAP UE is outside the factory then the LPHAP UE no longer can utilize the low power capability or may not be operated at all. 

In this illustrated indoor scenario, the LPHAP UE transmits uplink sounding reference signal (SRS) for positioning purposes to the gNBs. Each gNB performs positioning measurements, such as UL-TDOA, UL-AoA. The positioning measurements results are transmitted to the LMF. Furthermore, the LMF performs the legacy positioning estimation based on the obtained positioning measurements and the geographical position of the gNBs.
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[bookmark: _Ref127355399]Figure 1: Illustration of LPHAP UE in an indoor factory

During Rel-18 study phase, the target battery life required by LPHAP use case 6 cannot be satisfied when the existing Rel-17 positioning techniques are used for UEs in RRC_INACTIVE state. The enhancements on SRS for positioning have been recommended as one of the solutions to meet the LPHAP target battery life for UL and DL+UL positioning.
As described earlier, the LPHAP is expected to be operated in a certain location (e.g., warehouse, indoor factory) in which there are a few numbers of gNBs. The location or the operation area of a few numbers of gNBs can also be called as validity area. Here, we can consider the operation of LPHAP UE is limited and only interact with those gNBs. Since the LPHAP UE operation is limited and can also be predicted, especially if we consider LPHAP UE operates with certain dedicated function, then the LPHAP UE can be preconfigured with UL SRS configuration. There are limited number of gNBs, so that there could be multiple UL SRS configuration that can be provided to the UE. In the legacy positioning, the UE retrieves the UL SRS configuration when the UE is in CONNECTED mode. When the UE moves to other cell then the UE would require to be in CONNECTED mode to receive the UL SRS configuration of a new cell. It would be beneficial if the UE receives the multiple UL SRS configuration for positioning in advance and the UE can use that when the UE operates in RRC_INACTIVE in that validity area.
[bookmark: _Toc142483796]Proposal 1: Support multiple UL SRS configuration for positioning for the UE to operates UL and DL+UL positioning in RRC_INACTIVE state.
The configuration can be provided when the UE is in the connected mode via dedicated RRC signalling or it can also be provided using system information. The details of the signalling for conveying the multiple UL SRS configuration can be further discussed in RAN2.
[bookmark: _Toc142483797]Proposal 2: Multiple UL SRS configuration can be provided to the UE via dedicated RRC (e.g., when the UE is in connected mode) or system information (SI). The details are to be discussed in WG RAN2.

When the LPHAP UE operates in RRC_INACTIVE state, it would be beneficial if the LPHAP UE can be triggered to perform positioning procedure, such as transmitting UL SRS for positioning. In the case of the trigger comes from the network (e.g., LMF), the trigger can be included in downlink signal / channel in RRC_INACTIVE state, such as the paging message. The SRS transmission should be designed in relatively short time after the reception of paging message, such as relative to the start of DRX active time. In this case, after the paging reception, the UE performs RACH procedure in which the timing advance acquiring information can be used to validate the SRS configuration. If the SRS configuration is still valid, the UE continues to perform SRS for positioning.
[bookmark: _Toc142483798]Proposal 3: Support network activation of UL SRS transmission via downlink signal / channel (e.g., via paging message).
[bookmark: _Toc142483799][bookmark: _Toc118709848]Proposal 4: Support aligning the DRX on duration and UL SRS transmission for positioning

As also shown in Figure 1, the LPHAP UE moves within a validity area that consists of multiple cells. During study item phase, there may be some issues related to the UL SRS transmission in multiple cells scenario. The issues are such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
One of the issues that we would like to consider on the timing advance (TA). In legacy NR, timing advance plays important role for uplink transmission, including UL SRS transmission. The TA value is obtained during random access procedure. The UE transmits preamble (Msg1), gNB calculates the TA, then gNB provides the TA value to the UE via Msg2 during RACH procedure. The UE uses the TA for subsequent transmissions. The TA value is related to the serving cell it was released from.

LPHAP UE can be considered as a moving device within the validity area. Re-obtaining the TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption. On the other hand, not re-obtaining TA value could lead the LPHAP UE to use inaccurate TA and resulting the unsynchronized UL SRS reception at the gNB side. Hence, it would be beneficial for the UE to update the TA value without performing RACH procedure. In RAN1#112 meeting, it was discussed that for the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, there are multiple options on determining the UL timing advance value. We propose the UE to be able to adjust the TA value based on the downlink timing measurement. In the legacy NR, this approach has been used for the UE to be able determine the timing advance of legacy uplink transmission. As for positioning, we consider it may have tighter requirements as an error in timing advance could lead to positioning accuracy degradation. In order to minimize the error in timing advance, the downlink measurement for TA adjustment should be based on DL PRS. DL PRS is specially designed for positioning purpose (e.g., wider bandwidth, good correlation properties). Hence, the downlink timing measurement based on DL-PRS reception could minimize the error in timing advance. The LPHAP UE can perform timing measurement toward one of the gNBs. Regarding the specification impact, it can be further discussed. One potential specification impact is on UE capability, supporting timing measurement based on DL-PRS reception for timing advance.
[bookmark: _Ref127358773]Observation 1: Re-obtaining the TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption. On the other hand, without re-obtaining TA value could lead the LPHAP UE to use inaccurate TA and resulting the unsynchronized UL SRS reception at the gNB side.

We should consider the mechanism for the UE to adjust the TA value should still be controlled by the gNB. For example, some gNBs may not allow the UE to adjust the TA by itself, or the adjusted TA should be still within the valid range, etc.
[bookmark: _Toc142483800]Proposal 5: The gNB control the adjustment of TA value by the UE, by providing the threshold indicating when the UE can perform autonomous adjustment.
On the autonomous adjustment of TA value, the UE can adjust the TA based on downlink measurements, for example, based on SSB, DL-PRS reception. DL-PRS is designed for positioning purpose and typically transmitted in a wider bandwidth. The autonomous TA adjustment based on DL-PRS reception is expected to improve the accuracy of the new TA value. Hence, it improves the positioning estimation calculation. One can consider the adjustment of TA value using DL-PRS can be up to UE implementation. However, we consider the adjustment of TA value based on DL-PRS is expected to be better than SSB-based measurement, particularly when DL-PRS is transmitted with wider bandwidth. We consider it would be beneficial if the gNB provides indication which reference signal to be used for UE autonomous TA value adjustment.
[bookmark: _Toc142483801]Proposal 6: Support gNB to provide indication which reference signal (e.g., SSB, or DL-PRS) to be used for UE autonomous TA adjustment.
3 Conclusion
In this contribution we provide our considerations on LPHAP. We made the following observations and proposals:
Observation 1: Re-obtaining the TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption. On the other hand, without re-obtaining TA value could lead the LPHAP UE to use inaccurate TA and resulting the unsynchronized UL SRS reception at the gNB side.
Proposal 1: Support multiple UL SRS configuration for positioning for the UE to operates UL and DL+UL positioning in RRC_INACTIVE state.
Proposal 2: Multiple UL SRS configuration can be provided to the UE via dedicated RRC (e.g., when the UE is in connected mode) or system information (SI). The details are to be discussed in WG RAN2.
Proposal 3: Support network activation of UL SRS transmission via downlink signal / channel (e.g., via paging message).
Proposal 4: Support aligning the DRX on duration and UL SRS transmission for positioning
Proposal 5: The gNB control the adjustment of TA value by the UE, by providing the threshold indicating when the UE can perform autonomous adjustment.
Proposal 6: Support gNB to provide indication which reference signal (e.g., SSB, or DL-PRS) to be used for UE autonomous TA adjustment.
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