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Introduction
[bookmark: _Hlk525462591]In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#98, a new work item “Expanded and improved NR positioning” was approved [1]. This contribution discussed our views related to LPHAP. Our companion contributions discuss our other views [3-7]. The objective in the WID is:
· 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].
Discussion
Area based SRS
Legacy SRS for positioning is configured in a higher layer parameter “SRS-Config” and it is associated with a dedicated UL BWP of a specific cell. Thus, the current SRS configuration is not valid for multiple cells. There are many configuration parameters related to the SRS configuration such as periodicity, offset, comb-type, resource type, and so forth. Introducing some of them as common parameters across multiple cells might not be a big issue. For example, periodicity and comb-offset could be common parameters across multiple cells and it may not have impact to the system if cells within the positioning area make resource reservation.
However, some parameters such as spatial relation information and power control would not be proper as common parameters. Each SRS resource includes spatial relation information so that the UE could determine the transmission beam direction. When the UE moves from one cell to another cell, the UE may need to adjust the Tx beam direction to transmit the SRS. Similarly, for each SRS resource set, a path-loss reference RS (Reference Signal) is configured so that the UE could determine the transmission power for multiple SRS resources within the SRS resource set. When LPHAP UE moves within the positioning area, it may need to adjust Tx power according to different path-loss source to ensure a suitable Tx power for positioning.
The potential solutions may include:
· SRS beam sweeping with an efficient/restricted resource configuration
It would be better to configure positioning SRS resources as much as the UE needs in consideration of the transmission power consumption, as the power consumption is critical to LPHAP device. If there is no configuration of spatial relation information to SRSs, the beam sweeping is up to the UE implementation, but the gNB may not know how many beams or SRS resources the UE needs to use. Hence, if the UE provides a desirable amount of SRS resources considering its beam sweeping capability and/or policy, the gNB may be able to configure SRS resources more efficiently, which is also beneficial to the LPHAP device.
Proposal 1: RAN1 should consider how to enable a more efficient resource configuration considering the required SRS beam sweeping of the UE.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal98262][bookmark: Proposal38119]For area-based SRS configuration mechanism, one common SRS configuration could be applied to a validity area consisting of multiple cells. The UE can continue sending SRS without the update of SRS configurations so long as it remains within the coverage of any of the cells in the validity area. However, the SRS configuration turns invalid when the UE moves out of the SRS positioning validity area. In this scenario, we should consider how UE request new SRS configuration when the positioning area changes. The potential solutions may include: 
· Network-triggered SRS update request
The LMF can know that the UE moves out of the validation area since it knows UE’s location. When the LMF finds that the validity area turns invalid, the LMF can directly trigger the UE to send the SRS update request to gNB by paging. To avoid UE entering RRC connected state, some additional information such as the paging purpose/cause (i.e., SRS update request) can be indicated in the paging information.  Such that UE can know it should send the SRS update request to gNB by SDT without entering RRC connected state.  
· UE initiated SRS configuration update request 
The UE can initiate the SRS update to the gNB when the UE finds the camped cell is out of the validation area. For instance, when UE leaves the SRS valid cell, it can remain in the inactive state and use the similar method as the positioning report (e.g., via SDT) to require updated SRS configuration, and then the new gNB can deliver the updated SRS configuration to the UE without entering RRC connected state. The UE could also indicate in the request to the network which parameters may be invalid (e.g., pathloss reference or spatial relation).
Proposal 2: RAN1 should consider both network-triggered and UE initiated area-based SRS configuration update.
For area-based SRS configuration mechanism, UE roams in multiple cells transmitting one dedicated SRS, the SRS transmission of the target UE may interfere with the normal UL transmission of the neighbour cells. Therefore, in order to reduce the interference, all the cells in the validity area need to reserve the SRS resource because the cells don’t know where UE moves. This would cause large resource overhead, especially when there are many UEs performing UL positioning in the inactive state. To avoid unnecessary resource reservation at each gNB within the validation area, one potential solution is to consider allowing subset of cells (e.g., only cells near to UE) in the validity area to reserve the SRS resource based on the UE coarse location information. 
Proposal 3: RAN1 should study allowing a subset of cells (i.e., close to UE) in the validation area to reserve the resource for area-based SRS. 
Alignment between the DRX and DL-PRS
The DRX cycle and DL-PRS configured by LMF are independent procedures. These independent procedures may result in a misalignment (or, progressively offseted over a time) between PRS transmission and the DRX occasions as shown in Figure yy-1 below. This problem could be even problematic where continuous positioning measurement is required.
[image: ]
Figure yy-1: Illustration of misalignment between PRS and DRX
One straightforward solution for the problem as seen in Figure yy-1 could be to force UE to wake up to perform PRS measurements over the duration of PRS transmission occasions. This solution seems to be on-the-shelf-solution, but it may totally violate the objective of the introduced DRX cycle for LPHAP UEs (for example, power saving, receiver complexity reduction, etc.). Instead, if UE does not wake up, UE cannot perform the PRS measurement at the corresponding PRS transmission occasion and it may lead to positioning failure. Alternatively, UE could wake up according to PRS cycle, but perform partial-band reception following the strategy of frequency hopping without compromising the power consumption.
Proposal 4: The DRX alignment issue is important, and it should be addressed.  
In addition, this DRX alignment might not be an important issue only for the LPHAP device. The positioning measurement of RRC inactive UE was introduced in Rel-17, and the various enhancements in the Rel-18 NR positioning would be applied to normal UE. The enhancement of the alignment of the DRX and DL-PRS should be extended not only for LPHAP devices but also for a normal and RedCap device, since the RedCap device can also make a DL/UL positioning measurement` in RRC inactive mode.
Conclusions
Proposal 1: RAN1 should consider how to enable a more efficient resource configuration considering the required SRS beam sweeping of the UE.
Proposal 2: RAN1 should consider both network-triggered and UE initiated area-based SRS configuration update.
Proposal 3: RAN1 should study allowing a subset of cells (i.e., close to UE) in the validation area to reserve the resource for area-based SRS. 
Proposal 4: The DRX alignment issue is important, and it should be addressed.  
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