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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved new WID on Expanded and Improved NR Positioning [1], the objectives of LPHAP are as follows:
	· 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].



Following the agreements reached at the RAN1#112 meeting, this contribution addresses the unresolved open issues:
· Spatial relation information 
· Power control
· UL TA        

[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion
The positioning validity area allows UE moving within the defined area to keep the same SRS configuration and continue with the SRS transmission without the need to request for new SRS configuration. Fig. 1 illustrates the concept of the positioning validity area for uplink and downlink + uplink positioning in RRC_INACTIVE. The figure depicts the InF scenario used in the Rel-17 study on NR positioning enhancements [3]; more details can be found in the appendix. The network layout is a  rectangular area and the ISD equals D, which is divided into, e.g., two positioning validity areas, namely Positioning validity area 1 and Positioning validity area 2.
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[bookmark: _Ref118198602]Fig. 1. Positioning validity area for uplink and downlink + uplink positioning in RRC_INACTIVE

UL timing 
At the RAN1#112 meeting, RAN1 made the following agreement about UL timing, but several issues remain unresolved [2]:
	Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area:
· For the UL timing advance, further study the following options, including the DL reference timing for each option:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: UE autonomously adjusts the TA 
· FFS: how the UE adjusts the TA, e.g. up to UE implementation, or based on the TA from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell.
· FFS: whether there is RAN1 specification impact
· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH




All of the above options are feasible. However, Option 1 is the simplest and would consume the least amount of UE battery energy. Hence, the UE can maintain the timing advance ([image: ]) acquired from the serving cell before cell reselection. In a typical InF deployment scenario, the ISD is relatively small. As such, any timing misalignment can be dealt with by the CP. 
Option 2 can serve as a fallback if uplink interference, etc. is causing is a problem.   
Proposal 1: For UL timing advance, prefer Option 1: UE maintains the TA obtained from the last serving cell within the validity area.

Spatial relation information
The spatial relation information contains parameters which are specific to each gNB. As a result of UE moving across different cells within the positioning validity area, the spatial relation between the LPHAP UE and the serving gNB may be different from the newly selected gNB (or the camp-on cell) after cell reselection. This means, the gNB receive beam or/and the UE transmit beam for SRS differ from the ones prior to cell reselection. Consequently, the spatial relation information configured by the serving gNB is not relevant to the new gNB. At the RAN1#112 meeting, RAN1 reached an agreement identifying two options to support positioning validity area, which is 

	Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options: 
· Option 1: Spatial relation information is absent in the configuration
· FFS: different approaches for down selection at least include the following:
· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter
· FFS criterion on UE determination of the fixed spatial domain transmission filter (e.g., up to UE implementation, based on a selected SSB of the camping cell, based on the configured path-loss RS such as SSB, etc.)
· Option 2: Spatial relation information is provided in the configuration
· FFS details on the configuration and corresponding UE behavior, including whether the information is configured for all or subset of cells
· FFS signaling to configure the spatial relation information, e.g., via SRS activation message.
· Note: UE power consumption needs to be taken into account
· FFS validity criteria of spatial relation for the configured RS and UE behavior if it determines that the validity criteria of spatial relation for the configured RS is not met, if any, to avoid frequent RRC connection for SRS (re)configuration.




Spatial relation information does not need to be configured if the UE employs a wide beam in the SRS transmissions. However, such an approach is only applicable to FR1 UE only because FR2 UE beams are narrower.
 For Option 1b, the fixed spatial domain transmission filter is assumed to generate a wide beam instead of a narrow beam. Thus, the fixed spatial domain transmission filter option is suitable for FR1 UE. On the other hand, for Option 1a, a different spatial domain transmission filter is capable of generating narrow beams through UE Tx beam sweeping. Hence, it is applicable to FR2 UE as well as FR1 UE. It is important to note that Tx beam sweeping will cause an increase in UE power consumption.     
Proposal 2: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support Option 1 (with modifications as provided below) or Option 2:
· Option 1: Spatial relation configuration is absent
· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter (for FR2/FR1 UE), and
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter (for FR1 UE only), 
or,
· Option 2: Spatial relation configuration is provided in the configuration

Power control
Referring to [2], the agreement reached at the RAN1#112 meeting is as follows:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· FFS criterion on UE determination of pathloss RS (e.g., up to UE implementation, UE selects an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area, etc.).
· Option 2: Pathloss RS is provided in the configuration
· FFS details on configuration (e.g., pathloss RS is configured as a cell-agnostic DL RS, pathloss RS is configured as a fixed SSB within the validity area, etc.), including whether the information is configured for all or a subset of cells within the validity area
· FFS signaling to configure the pathloss RS, e.g., via SRS activation message.
· Note: UE Power consumption needs to be taken into account 
· FFS: Whether p0 and alpha can be commonly configured across cells within the validity area.
· FFS validity criteria of pathloss RS and UE behavior if it determines that the validity criteria of pathloss RS is not met., if any, to avoid frequent RRC connection for SRS (re)configuration.




The pathloss reference parameters are specific to each gNB. UE derives the SRS transmit power based upon a downlink pathloss measurement (e.g., DL-PRS). After cell reselection, the pathloss may have changed, which is a location-dependent parameter. As such, the transmit power level for SRS could be higher or lower power if the pathloss reference information is not updated after cell reselection. The latter would cause SRS reception failure at the gNB. The pathloss reference signal information can be updated by triggering RA-SDT procedure, resulting in high UE power consumption. 
[bookmark: _Hlk131680407]Proposal 3: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support Option 1: Pathloss RS is absent in the configuration or Option 2: Pathloss RS is provided in the configuration. 

Conclusion
The contribution has discussed the open issues associated with SRS resource configuration in the positioning validity area. The following observations and proposals have been made:
Proposal 1: For UL timing advance, prefer Option 1: UE maintains the TA obtained from the last serving cell within the validity area.
Proposal 2: For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support Option 1 (with modifications as provided below) or Option 2:
· Option 1: Spatial relation configuration is absent
· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter (for FR2/FR1 UE), and
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter (for FR1 UE only), 
or,
· Option 2: Spatial relation configuration is provided in the configuration
Proposal 3: For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support Option 1: Pathloss RS is absent in the configuration, or Option 2: Pathloss RS is provided in the configuration. 
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Appendix
Common configuration parameters for InF scenarios [4].
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH
	InF-SH, InF-DH

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m

[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
- (baseline) at least the convex hull of the horizontal BS deployment.
- (optional) It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area. 

	UE antenna height
	Baseline: 1.5m
(Optional): uniformly distributed within [0.5, X2]m, where X2 = 2m for scenario 1(InF-SH) and X2=[image: ][image: ] for scenario 2 (InF-DH)  

	UE mobility
	3km/h 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): two fixed heights, either {4, 8} m, or {max(4,[image: ][image: ]), 8}.

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
- Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
- (Optional): {40%, 3m, 5m}
- (Optional): {60%, 6m, 2m}

	Note 1:	According to Table A.2.1-7 in TR 38.802
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