
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #109-e	    			            R1-2203916
e-Meeting, May 9th – May 20th, 2022

Agenda item:	9.5.4
Source: 	Samsung
Title: 	Discussion on expanded and improved NR positioning
Document for:	Discussion and Decision
Introduction
A new study item has been approved to expand and improve NR positioning in Rel-18 [1]. The study item includes several objectives:
· SL positioning, which includes using the SL/PC5 interface for SL positioning measurements.
· Improving accuracy, integrity and power efficiency of SL positioning. Methods to improve accuracy include BW aggregation and using the carrier phase method.
· Positioning support for RedCap UEs.
SL positioning has been identified by the 5G Automotive Association (5GAA) [2] as the highest priority requirement in their input to the 3GPP Rel-18 workshop. Vehicular UE have a large form factor. This form factor can be leveraged to have multiple antenna panels. Using multiple antenna panel can aid in position as described in section 2.1.
In Rel-17, introduced the unified TCI framework in MIMO to streamline beam management. However, the unified TCI framework, explicitly excluded reference signals used for positioning. In section 2.2 we describe the extension of the unified TCI state framework to reference signals used for positioning.
Discussion
[bookmark: _Ref101624968]Multi-panel vehicular UEs
[bookmark: _GoBack]In TR 37.885 two options are defined for vehicular UE’s antenna. Option 2 includes two antenna panels, with one being placed at the front bumper/roof top and one being placed at the rear bumper/roof top. By leveraging these antenna panels, it possible determine the relative position of two vehicles as illustrated in Figure 1. By measuring the round-trip time between each pair of antennas in the two cars, car 1 can determine the relative position of car 2.


[bookmark: _Ref102030642]Figure 1: Use of Multi-panel Vehicular UEs for relative positioning
For example, let the position of Ant1 of Car1 be , and let the position of Ant2 of Car1 be , where  is the separation between Ant1 and Ant2 of Car1. The line joining the two antennas of Car1 is assumed to be the x-axis. Similarly, for Car2, let the position of Ant1 of Car2 be , and let the position of Ant2 of Car1 be . For Car2 the separation between the two antennas is . The round-trip times, and according the distances between each pair of antennas can be measured and calculated.
Between Ant1 of Car1 and Ant1 of Car2: , and between Ant2 of Car1 and Ant1 of Car2: . Using, these two equations,  and  can be calculated. There is an ambiguity in the sign of , that can be resolved if we add a third antenna in Car1.
Between Ant1 of Car1 and Ant2 of Car2: , and between Ant2 of Car1 and Ant2 of Car2: . Using, these two equations,  and  can be calculated. There is an ambiguity in the sign of , that can be resolved if we add a third antenna in Car1.
Proposal 1: Study the use of multiple antenna panels to assist in determining the relative positioning between vehicles.

[bookmark: _Ref101625071]Extension of Unified TCI framework to reference signals used for positioning
In Rel. 17, unified TCI framework was specified for multi-beam operation, wherein a common TCI state – separate DL or UL TCI state or joint DL and UL TCI state – can be indicated for UE-dedicated reception on PDCCH/PDSCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. However, the positioning sounding reference signal is explicitly excluded based on the following agreement in RAN1#108-e:

Agreement
Confirm the following working assumption as an agreement with the following refinement (highlighted in red):
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo/PUCCH-SpatialRelationInfo (except spatialRelationInfoPos) if the UE is configured with Rel-17 TCI in any CC in a band
· The CC list for Rel-16 multi-CC beam indication should not contain any CC in a band configured with Rel-17 TCI assuming different CC lists are used for Rel-16 and Rel-17 

There are also no RAN1 agreements in MIMO for the DL positioning reference signal (PRS) to follow the Rel-17 TCI state. In Rel-17, a TCI state can be associated with an SSB having a physical cell ID (PCI) different from the PCI of the serving cell, can prove beneficial for downlink and uplink positioning reference signals that can be associated with a neighboring cell.
Using the Rel-17 TCI state for downlink and uplink positioning reference signals can simplify the overall framework of quasi-co-location and spatial relation, by having a common list of TCI stats that is used for all downlink and uplink channels and signals including downlink and uplink positioning reference signals. This is already the case in Rel-17 for all channels and signals except for DL/UL positioning reference signals. Rel-17 defines two TCI state lists, the first is for DL and Joint TCI states (DLorJoint-TCIState), the second is for UL TCI states (UL-TCIState).
Observation 1: Using TCI states defined by DLorJoint-TCIState and UL-TCIState for DL/UL positioning reference signals simplifies the quasi-co-location and spatial relation framework.
To support the TCI states providing quasi-co-location for DL PRS,
· The source RS types of the DLorJoint-TCIState should be extended to support all source RS types supported by DL PRS, this includes the following source RS types
· SSB of serving cell … this is already supported by the Rel-17 DLorJoint-TCIState.
· SSB of neighboring cell … this is already supported by the Rel-17 DLorJoint-TCIState thanks to the presence of the AdditionalPCIIndex.
· DL PRS … this is not support by the Rel-17 DLorJoint-TCIState and would need to be included
· The QCL types of the the DLorJoint-TCIState should be extended to support all QCL types supported by DL PRS, this included the following QCL types
· QCL TypeC … this is already supported by the Rel-17 DLorJoint-TCIState.
· QCL TypeD … this is already supported by the Rel-17 DLorJoint-TCIState.
Observation 2: To support TCI states providing quasi-co-location for DL PRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for DLorJoint-TCIState. Other source RS types and QCL types needed for DL PRS are already supported.
To support the TCI states providing spatial relation for UL PRS (positioning SRS),
· The source RS types of the DLorJoint-TCIState or UL-TCIState should be extended to support all source RS types supported by positioning SRS, this includes the following source RS types
· SSB of serving cell … this is already supported by the Rel-17 DLorJoint-TCIState and UL-TCIState.
· SSB of neighboring cell … this is already supported by the Rel-17 DLorJoint-TCIState and UL-TCIState thanks to the presence of the AdditionalPCIIndex.
· NZP CSI-RS of a serving cell … this is already supported by the Rel-17 DLorJoint-TCIState and UL-TCIState.
· DL PRS … this is not support by the Rel-17 DLorJoint-TCIState or UL-TCIState and would need to be included.
· SRS of a serving cell … this is already supported by the Rel-17 UL-TCIState.
· Positioning SRS … this is not support by the Rel-17 UL-TCIState and would need to be included.
Observation 3: To support TCI states providing spatial relation for positioning SRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for DLorJoint-TCIState or UL-TCIState, and positioning SRS as a source RS for UL-TCIState. Other source RS types needed for positioning SRS are already supported.
Proposal 2: Extend the Rel-17 DLorJoint-TCIState or UL-TCIState to support providing quasi-co-location and spatial relation for DL/UL positioning reference signals. 
Conclusions
The following observations and proposals have been made in this document regarding positioning improvements and expansions in Rel-18.
Proposal 1: Study the use of multiple antenna panels to assist in determining the relative positioning between vehicles.
Observation 1: Using TCI states defined by DLorJoint-TCIState and UL-TCIState for DL/UL positioning reference signals simplifies the quasi-co-location and spatial relation framework.
Observation 2: To support TCI states providing quasi-co-location for DL PRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for DLorJoint-TCIState. Other source RS types and QCL types needed for DL PRS are already supported.
Observation 3: To support TCI states providing spatial relation for positioning SRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for DLorJoint-TCIState or UL-TCIState, and positioning SRS as a source RS for UL-TCIState. Other source RS types needed for positioning SRS are already supported.
Proposal 2: Extend the Rel-17 DLorJoint-TCIState or UL-TCIState to support providing quasi-co-location and spatial relation for DL/UL positioning reference signals
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