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Introduction
[bookmark: _Hlk46825232]The WID for the for Rel-18 ‎[1] includes the following objective for low power high accuracy positioning (LPHAP).
	
· 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].



The following agreements have been made in RAN1 #112b-e meeting:
	Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequenceID in SRS for positioning configuration is commonly configured across cells within the validity area.
Working assumption
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, support the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· Option 2: Pathloss RS is provided in the configuration.

Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.
 Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.

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 absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.
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 one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
· Note: UE power consumption should be considered




In this contribution, we are discussing the RAN1 issues related to this work item objective. These issues are focused on SRS configuration enhancement in the RRC_INACTIVE state.
[bookmark: _Ref178064866]Discussion 
Enhancements to UL positioning measurement
During the study item phase, SRS mobility enhancement was proposed ‎[2]. For power saving, it was proposed to enable the UE to preserve its SRS configuration when changing cell across a validity area while in RRC_INACTIVE. However, keeping the SRS configurations across multiple cells, a few potential issues have been identified. In the following, we address the issues of interference, resource allocation efficiency and timing advance.
Interference in the validity area:
When the UE is not in the connected mode and preserves its SRS configuration across a validity area, to maintain an acceptable level of interference, each cell within the validity area must assume the UE is using the SRS resource and allocate the SRS configuration in the cell, even when the UE is not present. However, this is inefficient from the resource utilization perspective. 
[bookmark: _Toc134995090]The configuration of SRS in multiple cells to allow SRS mobility for RRC_INACTIVE UE is not efficient from the resource utilization perspective. It increases the SRS overhead by a factor equal to the number of cells within the validity area. 
To improve resource allocation, in the first step, potential interference levels when UEs in different cells reuse the same SRS resource should be investigated. If the cells in the validity area use the same resources without control of which cell use which resources, the interference level will inevitably increase. During the study item phase, we evaluated the impact of interference on the accuracy when two neighboring cells used the same set of SRS resources. As shown in Figure1, the positioning accuracy is impacted by inter-cell interference if SRS transmissions in neighboring cells are overlapping in terms of resource allocation (e.g., time, frequency, cyclic shift and sequence ID). In order to maintain an acceptable level of interference, the UE should be able to switch resources when entering/leaving cells in the validity area. 

[bookmark: _Toc134995091]The interference increase due to uncoordinated SRS resource usage between cells in the validity area degrades the accuracy performance. 
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Accuracy performance with orthogonal SRS configurations (no interference)
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Accuracy performance with common SRS configurations between cells (inter-cell interference)


Figure 1: Performance of UL SRS based positioning without and with inter-cell interference.
Efficient resource allocation in the validity area
Given that interference caused by over-use of the same SRS resources in multiple cells degrades the positioning accuracy, and that SRS resource allocation to a UE across the validity area leads to low efficiency of resource usage, solutions to improve resource usage should be discussed. However, these solutions do not require changes to RAN1 specifications, but procedure changes in RAN2 or RAN3 specifications may be impacted. 
One possible solution would be to allow Activation and releasing of pre-configured SRS resources. In this solution, the UE is preconfigured with SRS resources, with each resource linked to one of the cells in the validity area. When the UE identifies that it has moved to a new cell (for example, based on RRM measurements), the UE switch SRS resources. Then, without going to connected mode, the UE can notify the network of the activation /release of the SRS resources during a SDT transmission to keep power usage low.  
[bookmark: _Toc134995092]Efficient resource allocation procedures can be set to allow SRS resource re-use across the validity area, however, this is a RAN2 issue. 
[bookmark: _Toc134995078]Regarding the potential issues on keeping the SRS configuration across multiple cells, RAN 1 should consider the solutions which have the least impact on specifications. 


Uplink timing advance adjustment:
When a UE is in RRC inactive mode and moving within the validity area, the TA value is not getting updated while the TA timer is still running. This can result in misalignment in TA, and consequently in interference and degradation in positioning accuracy. Figure 2 shows the impact of TA error on the positioning accuracy when the UL SRS is used with misaligned TAs. The evaluation is limited to 10 UEs to see the impact even with potentially limited interference. The intra-cell interference caused by misaligned TA worsened the accuracy from submeter to more than 4 meters. 

Therefore, it is important for UE to be able to evaluate the validity of the TA value and perform accordingly e.g., in a case that TA value is not valid the UE can stop the transmission or update the TA value if it is possible. For example, to evaluate the validity of TA value, a positioning UE can perform TOA estimation at some interval to judge if its mobility is still around the edge or towards the center. Hence, based upon that it may judge whether to transmit or stop.
During RAN1#112b-e, the discussion on TA went for 3 rounds and following was the latest version of the FL proposal:
	Updated Proposal 1-2 (III) 
· 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:
· By default, UE maintains the TA obtained from the last serving cell within the validity area,
· Note: This assumes that the geometric cell coverage is small.
· When the DL reference timing difference exceeds a threshold, UE may autonomously adjusts the TA up to its implementation in accordance to changes in the DL reference timing. 
· [bookmark: _Hlk133333312]The threshold can be provided by the network to control the UE behaviour of autonomous TA adjustment. 
· FFS: whether/how to define additional rules to enable the UE autonomous TA adjustment, and if supported, whether the rule applies only for cell-reselection scenarios or for both same-cell mobility and cell-reselection scenarios.
· The DL reference timing follows the DL timing of current camping cell.
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[bookmark: _Ref127365027]Figure 2: Impact of TA misalignment on positioning performance.


Our results, as it is shown in Figure 2 suggest that only maintaining the last serving cell TA can lead to degradation of positioning accuracy and performance.  Therefore, we suggest to support further solution to adjust the TA. During the discussion, the use of a network-configured threshold was proposed to control when the UE would be allowed to make TA adjustment. For LPHAP, the only supported methods using UL RTOA is UL TDOA, which uses differential time of arrival from different TRP measurements.   autonomous adjustments made by the UE will affect the accuracy of the time difference of arrival between TRPs, especially if these occur between two SRS transmisions aiming at different TRPs. Therefore, if a TA autonomous adjustment is allowed, the adjustment must also be forwarded to the gNBs in order to correct the UL RTOA. 

[bookmark: _Toc134995079]For the TA adjustments in the validity area, support the following  
a. [bookmark: _Toc134995080]By default, UE maintains the TA obtained from the last serving cell within the validity area,
i. [bookmark: _Toc134995081]Note: This assumes that the geometric cell coverage is small.
b. [bookmark: _Toc134995082]When the DL reference timing difference exceeds a threshold, UE autonomously adjusts the TA up to its implementation 
i. [bookmark: _Toc134995083]The threshold is  provided by the network to control the UE behaviour of autonomous TA adjustment. 
ii. [bookmark: _Toc134995084]If no threshold is provided by the network, UE follows the default behaviour
iii. [bookmark: _Toc134995085]The autonomous adjustment value applied by the UE is forwarded to the gNB. 
c. [bookmark: _Toc134995086]The DL reference timing follows the DL timing of current camping cell.
Spatial relation 
Regarding the spatial relation, the following agreement is achieved in RAN1#112b-e meeting.
	Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.
Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.




The current behaviour for the SRS spatial relation in RRC_INACTIVE is that when a spatial relation information is not usable the UE stops transmission of the SRS resource for positioning. In our view, it is important to keep the exisiting rule also within the validity area. Typically, different SRS sets will be configured with   spatial relations pointing at different TRPs, and for the purpose of interference control, it should be possible to interrupt SRS transmission whenever the target TRP is not in reach (for example, when the UE as moved and the TRP is either obstructed on no longer facing the UE).  
[bookmark: _Toc134995087] For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, the exisiting condition for transmission of SRS for positioning in RRC inactive is kept.

Power control
The following options were agreed to be discussed further regarding the configured pathloss RS:
	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 one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
· Note: UE power consumption should be considered




Our preference goes toward option 2-5. We think the current configuration allows the SRS to be configured with different sets aiming at different TRPs for power control purposes, and it is sufficient without introducing further enhancements. The exisiting fallback behaviour however is that the UE will use the path loss obtained from the SSB from which it obtained MIB should the path loss RS be unreliable. In RRC inactive, such behaviour would potentially mean the UE using an excessive amount of power to reach a TRP it cannot even measure a path loss from.  Therefore, we think the correct fallback behaviour would be to suspend SRS transmission when the path loss validity criteria fails. 
The validity criteria can re-use the exisiting criteria already specified in 38.213:
	If the UE is in the RRC_INACTIVE state and determines that the UE is not able to accurately measure 𝑃𝐿𝑏,𝑓,𝑐 (𝑞𝑑 ), the UE does not transmit SRS for the SRS resource set.



[bookmark: _Toc134995088]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 the configuration of pathloss RS in rel17, with the validity criteria already specified for UEs in RRC INACTIVE. 


Enhancements to DL positioning measurements
TS 38.215 defines applicability of DL positioning measurements such as DL-RSTD, UE Rx-Tx, DL PRS-RSRP, and DL PRS-RSRPP to RRC_CONNECTED and RRC_INACTIVE states. In order to ensure less impact on performance life of battery in UEs due to positioning measurements, UE shall be configured to perform positioning requirements when it is in RRC_IDLE state. In this regard, applicability of DL positioning measurement shall be extended to RRC_IDLE state. We note that this is already agreed for bandwidth aggregation in RAN1, and for LPHAP in RAN4[3]:

	Agreements:
· Existing PRS measurement requirements in RRC_INACTIVE state defined in 38.133 Rel-17 can be reused as starting point for defining the corresponding PRS measurement requirements in RRC_IDLE state. Other options are not precluded.




[bookmark: _Toc134995089]Applicability of DL positioning measurements shall be extended to RRC_IDLE state.
 
Conclusion 
In the previous sections we made the following observations: 
Observation 1	The configuration of SRS in multiple cells to allow SRS mobility for RRC_INACTIVE UE is not efficient from the resource utilization perspective. It increases the SRS overhead by a factor equal to the number of cells within the validity area.
Observation 2	The interference increase due to uncoordinated SRS resource usage between cells in the validity area degrades the accuracy performance.
Observation 3	Efficient resource allocation procedures can be set to allow SRS resource re-use across the validity area, however, this is a RAN2 issue.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Regarding the potential issues on keeping the SRS configuration across multiple cells, RAN 1 should consider the solutions which have the least impact on specifications.
Proposal 2	For the TA adjustments in the validity area, support the following
a.	By default, UE maintains the TA obtained from the last serving cell within the validity area,
i.	Note: This assumes that the geometric cell coverage is small.
b.	When the DL reference timing difference exceeds a threshold, UE autonomously adjusts the TA up to its implementation
i.	The threshold is  provided by the network to control the UE behaviour of autonomous TA adjustment.
ii.	If no threshold is provided by the network, UE follows the default behaviour
iii.	The autonomous adjustment value applied by the UE is forwarded to the gNB.
c.	The DL reference timing follows the DL timing of current camping cell.
Proposal 3	For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, the exisiting condition for transmission of SRS for positioning in RRC inactive is kept.
Proposal 4	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 the configuration of pathloss RS in rel17, with the validity criteria already specified for UEs in RRC INACTIVE.
Proposal 5	Applicability of DL positioning measurements shall be extended to RRC_IDLE state.
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