


3GPP TSG RAN WG1 #113			R1-2305345
Incheon, Korea, May 22nd – May 26th, 2023
	
Agenda item:	9.5.3
Source: 	Qualcomm Incorporated
Title: 	Discussion on LPHAP Positioning
Document for:		Discussion and Decision
1 Introduction
In RAN1#112bis-e, the following agreements were made with regards to this objective: 

	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 paper, we provide our initial views from RAN1 perspective with regards to this objective. 
2 UL Timing 
The following agreement was reached during the previous meeting:
	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



We believe that a solution should try to use multiple of the above options for the following reasons:
· If the DL reference timing changes by a small amount (e.g. it could just be due to measurement errors), there is no need of adjusting the TA value unnecessarily and derive a new “valid TA value”. Similarly, if such DL reference timing changes are due to the UE changing the SSB that it measures from a single cell, there is no need for the UE to be asked to autonomously adjust the TA. 
· However, if the DL reference timing changes by a large amount, due to for example, the previous camping cell and the new camping cell having a large Transmission time difference, it may be appropriate for the UE to adjust the TA to compensate for that DL timing difference and try, up to some extend and up to UE implementaton, to keep the UL timing constant. Having UL timing constant during multiple SRS instances would enable TRPs (and the LMF) to average the RTOA/gNBRx-Tx measurements across multiple instances. 
· The network can control whether the UE is keeping a constant TA or is adjusting the TA, by adjusting a corresponding threshold. 

Based on the above, we make the following proposal: 

Proposal 1: 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:
· A UE maintains the TA obtained from the last serving cell within the validity area. 
· Note: A UE may still perform autonomous adjustment(s) as in legacy UE behavior
· Up to UE capability, if the UE is configured by the network, the UE may autonomously adjust the TA such that the UL timing remains constant with respect to the UL timing before reselecting to the new camping cell, when the DL reference timing difference between the last camping cell and the new camping cell exceeds a threshold.
· Up to RAN4 to discuss UE requirements with regards to these UE autonomous TA adjustments and the corresponding threshold.
3 Reference RS for the RSRP-change Threshold
The following agreement was reached during the previous meeting:
	Agreement
From RAN1 perspective, it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state. Details can be up to RAN2.
· For TA validation, use of area-specific RSRP change threshold is feasible
· FFS: which RS is the reference RS for the RSRP change threshold



With regards to the RSRP change threshold for the TA validity, we propose to use as the “reference” for the computation of the RSRP change threshold the measurement that the UE did on the latest cell that has resulted to a valid TA. This doesn’t necessarily mean the cell from which the UE got an explicit signaling of a TA value, as we describe in the procedure described above. Therefore, we make the following proposal: 
Proposal 2: For the RSRP change threshold, the reference RS should be:
· obtained from the cell the UE has determined the latest valid TA. 
4 Spatial Relation 
With regards to the spatial relation, the following 2 agreements were reached: 
	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.
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.



When spatial relation is provided, a UE should transmit only those SRS resources whose reference can be acurately measured. For example, imagine a device in FR2 that is configured with 8 SRS resources with 8 different SSBs as spatial relation information. Then, as the UE moves inside the area, if it keeps transmitting the SRS resources without being able to accurately measure the SSBs, it may result to unctontrollable interference, which will result to the network having to page such UEs to reconfigure the SRS. Therefore, we believe it makes sense to preconfigure the UE will multiple SRS resources, each one “pointing” to a different direction, but only if the UE can measure the reference signal from that direction, it should transmit the SRS, otherwise it should be avoid transmitting the SRS to avoid interference pollution in the area and unnecessary power consumption. 

Proposal 3: 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 provided in the SRS resource configuration
· Validity criteria: When the UE cannot accurately measure the spatial relation reference 
· Fallback behavior: A UE shall not transmit transmit the SRS if the validity criteria is not met
· Introduce a UE capability on the maximum number of spatial relation references to be simultaneously monitored for this area-specific SRS for positioning.
5 Pathloss reference 

With regards to the pathloss reference, the following agreements were reached: 
	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.
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.

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



With a similar reasoning as for the case of spatial relation, if a pathloss reference cannot be measured accurately, the device should not transmit such an SRS resource. We therefore make the following proposal:

Proposal 4: For the power control relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state support Alt. 2-5:
· If Pathloss RS is provided for an SRS resource set, 
· Validity criteria: When the UE cannot accurately measure the pathloss reference reference 
· Fallback behavior: A UE shall not transmit transmit the SRS if the validity criteria is not met.
· Introduce a UE capability on the maximum number of Pathloss RS references to be simultaneously monitored for this SRS for positioning
6 Conclusions
With regards to the topic of LPHAP positioning we make the following proposals:
Proposal 1: 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:
· A UE maintains the TA obtained from the last serving cell within the validity area. 
· Note: A UE may still perform autonomous adjustment(s) as in legacy UE behavior
· Up to UE capability, if the UE is configured by the network, the UE may autonomously adjust the TA such that the UL timing remains constant with respect to the UL timing before reselecting to the new camping cell, when the DL reference timing difference between the last camping cell and the new camping cell exceeds a threshold.
· Up to RAN4 to discuss UE requirements with regards to these UE autonomous TA adjustments and the corresponding threshold.

Proposal 2: For the RSRP change threshold, the reference RS should be:
· obtained from the cell the UE has determined the latest valid TA. 

Proposal 3: 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 provided in the SRS resource configuration
· Validity criteria: When the UE cannot accurately measure the spatial relation reference 
· Fallback behavior: A UE shall not transmit transmit the SRS if the validity criteria is not met
· Introduce a UE capability on the maximum number of spatial relation references to be simultaneously monitored for this area-specific SRS for positioning.

Proposal 4: For the power control relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state support Alt. 2-5:
· If Pathloss RS is provided for an SRS resource set, 
· Validity criteria: When the UE cannot accurately measure the pathloss reference reference 
· Fallback behavior: A UE shall not transmit transmit the SRS if the validity criteria is not met.
· Introduce a UE capability on the maximum number of Pathloss RS references to be simultaneously monitored for this SRS for positioning
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