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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
	If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]


In this document, we discuss potential radio-layer procedures for NR Positioning. It should be noted that all higher layer signalling procedures are assumed to be completed so that UE is activated for radio-layer processing.
Our views on other NR Positioning aspects are provided in our companion contribution [3]-[6]
DL PRS Reception
DL PRS Configuration
In order to process DL PRS signals for NR Positioning DL measurements, UE is expected to be configured with DL PRS Resource Sets carrying information on DL PRS Resources and additionally DL PRS Report configuration. 
The list of DL PRS Resource Sets is expected to provide full information on DL PRS transmission schedule to UE, so that UE is aware on which resources which signal is transmitted. Each DL PRS Resource is associated with geographical coordinate of transmission reception point and angular information (beam transmission direction).
The DL PRS may be used for DL reception timing estimation, RSTD, RSRP, SINR, UE TX-RX time difference measurements [5]. For a DL PRS resource associated with a DL PRS Resource Set.


	DL PRS Resource (Resource ID) is associated with geographical coordinate of transmission reception point optionally including angular information (e.g. beam transmission direction and beam width)
DL PRS Resource Set configuration does not affect UE rate matching behaviour which is indicated separately

For NR positioning (especially for operation in FR2), two types of DL PRS resource allocation may be desirable depending on use case and scenario.
Cell-Centric DL PRS Resource Allocation
The cell-centric DL PRS Resource Allocation targets support of all UEs interested in positioning services and is not optimized in terms of DL signaling and PRS allocation towards specific UE. Oppositely it targets to serve all UEs in the cell and is supposed to have more DL PRS Resources configured comparing to UE Centric. For Cell-Centric DL PRS Resource Allocation UE is supposed to process configured DL PRS Resources and provide feedback report aiming to construct UE Centric DL PRS Resource Allocation.
UE Centric DL PRS Resource Allocation
The UE Centric DL PRS Resource Allocation assumes that UE has provided feedback to network based on processing of Cell-Centric DL PRS Resources or Rel.15 legacy signals such as SSB or CSI-RS for BM. The UE feedback may be used to construct UE Centric DL PRS Resource configuration. This type of operation may be beneficial to reduce UE processing complexity and measurement delay given that only subset of Resources may be configured and monitored by the UE.
Another possible option to operate NR positioning is to use Cell-Centric DL PRS Resource Allocation and configure UE with UE Centric DL PRS Measurement Report that will request measurements on subset of Cell-Centric DL PRS Resources.


NR Positioning supports configuration of Cell Centric DL PRS Resource Sets and Resources
NR Positioning supports configuration of UE Centric DL PRS Resource Sets and Resources
NR Positioning supports UE Centric DL PRS Measurement Report to request measurements on subset of Cell-Centric DL PRS Resources

UE Assistance Information for UE Centric Resources or Measurement Report Configuration
For Construction of UE Centric DL PRS Resource Allocation or DL PRS Measurement Report (DPMR) UE may provide the following information to network / location server:
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE TX-RX Measurement based on Rel.15 reference signals 
Recommended DL PRS Resources (Resource IDs) based on processing of Cell Centric DL PRS Resources


For construction of UE-Centric DL PRS Resource Sets (or configuration of DL PRS Measurement Report) UE may be requested to provide at least the following information to NW
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE TX-RX Measurement based on Rel.15 reference signals
Recommended list of DL PRS Resources (Resource IDs) based on processing of Cell Centric DL PRS Resources

CORESET and SIB1 Considerations
UE shall not expect to be configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET. The UE is not expected to receive DL PRS and message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.

 
UE is not configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET.
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.

DL PRS Processing
In FR2, DL PRS processing may support gNB TX and UE RX beam sweeping. For each DL TX beam, a UE if it is capable may adjust RX beam and apply it for reception, otherwise UE may use fixed RX beam. During RX processing UE may selects RX beam for each DL PRS Resource in all configured DL PRS Resource Sets. 

 
UE may apply RX beam-sweeping for given DL PRS Resource processing only if DL TX beam sweeping is off on a given DL PRS resource, which should be signalled as a part of DL PRS Resource attribute
UE RX beam-sweeping procedures during DL PRS reception are left up to UE implementation
i.e. procedures whether and how to select UE RX beam for DL PRS reception are not specified
RAN1 assumes that for each DL PRS Resource, a UE may select different RX beam and establish association between DL PRS Resources and UE RX beams
	i.e. association of DL PRS Resources with UE RX beams is up to UE implementation

DL PRS Measurement Reporting
The time and frequency resources that can be used by the UE to report measurements are controlled by the gNB. The UE is expected to be configured with DL PRS Measurement Report that will instruct UE to perform certain measurements on certain DL PRS Resources. More discussion on details of UE measurements is provided in our companion contribution [5].

UL SRS(PRS) Transmission
Two UE behaviours in terms of UL SRS (PRS) transmission can be considered in uplink:
Behavior 1: UL SRS(PRS) beam sweeping, including transmission with the fixed beam
· This mode of operation does not require any DL PRS transmission
Behavior 2: UL SRS(PRS) transmission with the TX beam based on association with DL PRS Resources (SSB or CSI-RS)
· This mode of operation assumes that UE has already processed preconfigured DL PRS Resource Sets. Given that this mode requires DL and UL processing it is discussed in the next (DL+UL) section.
The Mode-1 can be used to support UL-TDOA NR Positioning technique. This mode does not assume any UE pre-processing step to initiate UL SRS(PRS) transmission. In this mode, UE is expected to be configured with the UL SRS (PRS) Resource Set and follow pre-configuration settings for uplink transmission.

 
NR supports UE beam-sweeping for UL SRS (PRS) transmission across different UL SRS(PRS) Resources
NR supports gNBs UL RX beam sweeping to establish association between UL SRS Resources (UL TX beams) and DL RX beams that can be further associated with DL PRS Resources
NR supports association of UL SRS (PRS) Resources and DL PRS Resources for UL-TDOA support
i.e. UL SRS (PRS) Resources are associated with DL PRS Resources

DL PRS and UL SRS Transmission
The support of RTT positioning requires transmission of reference signals and measurements in DL and UL. Transmission of DL reference signal may be also beneficial and utilized for UL-TDOA, if configured.
As it was discussed in the previous section, for operation in Mode-2, it is assumed that UE may conduct measurements across DL PRS Resources of different DL PRS Resource Sets and associate its RX beams with each configured DL PRS Resource. In this case, if UE supports beam correspondence, it may apply RX beam for UL transmission. This UE behaviour may be beneficial at least from link budget perspective. In order to support such operation from specification perspective the DL PRS and UL SRS (PRS) resources can be associated with each other.


NR supports association of DL PRS Resources and UL SRS(PRS) Resources and corresponding signalling for UE configuration

TA Procedure for UL-TDOA and RTT
The UE TA behavior for UL-TDOA and RTT is one of the open items for discussion. There are different options to be considered:
Option 1: UE applies the same timing advance for all UL SRS(PRS) Resources across all UL SRS(PRS) Resource Sets as for serving cell (reference)
Option 2: UE applies the timing advance corresponding to one of the neighboring cells for all UL SRS(PRS) Resources across all UL SRS(PRS) Resource Sets
Option 3: UE applies individual timing advance for all UL SRS(PRS) Resources across all UL SRS(PRS) Resource Sets
Option 4: UE applies common timing offset for transmission on all UL SRS(PRS) Resources across all UL SRS(PRS) Resource Sets. The value of common timing offset is indicated by gNB independently of timing advance. The common timing offset is defined either with respect to DL reception timing or DL reception timing and timing advance.
In our view, the Option 1 is the simplest option and should be supported for NR positioning. It will simplify timing estimation procedure and have similarity with communication framework so that no additional UE behavior is needed. If Option 1 is deemed not-sufficient then Option 4 with common timing offset controlled by network should be considered with higher priority. One drawback of this option is that it may require additional handling of UL SRS(PRS) and data transmission towards serving cell that may require introduction of the additional rule on potential drop of one of the transmission or dropping of one symbol of one of the transmissions.


Adopt Option 1 as UE timing advance behaviour for UL SRS(PRS) transmission, where the same timing advance value based on serving cell is applied for transmission

Power Control Procedure for UL-TDOA and RTT
Power control for UL SRS (PRS) transmission is another open item for discussion. It should be noted that UL SRS Resource Set configuration contains reference to DL RS to be used for pathloss estimation and finally OL PC settings controlled by P0 and α power control parameters. The following options may be considered for UL SRS (PRS) power control:

Option 1: UL SRS power control behavior is reused for NR positioning.

Option 2: UL SRS Resource Set refers to DL RS Resource (e.g. DL PRS, CSI-RS) in neighboring cell for pathloss estimation

Option 3: UL SRS Resource Set is configured with pathloss value to be used for open loop power control

In our view, UL positioning is already limited in terms of link budget characteristics comparing to DL and therefore in order to have accurate measurements the operation at high TX power is likely to be required in typical cases. Considering that existing UL SRS power control parameters can be used to set any TX power level we do not see the need for additional specification changes.

Conclusion
In this contribution, we have provided initial views on radio-layer procedures to support NR positioning. In summary, we have following proposals:

Proposal 1:
	DL PRS Resource (Resource ID) is associated with geographical coordinate of transmission reception point optionally including angular information (e.g. beam transmission direction and beam width)
DL PRS Resource Set configuration does not affect UE rate matching behaviour which is indicated separately
Proposal 2:
NR Positioning supports configuration of Cell Centric DL PRS Resource Sets and Resources
NR Positioning supports configuration of UE Centric DL PRS Resource Sets and Resources
NR Positioning supports UE Centric DL PRS Measurement Report to request measurements on subset of Cell-Centric DL PRS Resources
Proposal 3:
For construction of UE-Centric DL PRS Resource Sets (or configuration of DL PRS Measurement Report) UE may be requested to provide at least the following information to NW
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE TX-RX Measurement based on Rel.15 reference signals
Recommended list of DL PRS Resources (Resource IDs) based on processing of Cell Centric DL PRS Resources
Proposal 4: 
UE is not configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET.
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.
Proposal 5: 
UE may apply RX beam-sweeping for given DL PRS Resource processing only if DL TX beam sweeping is off on a given DL PRS resource, which should be signalled as a part of DL PRS Resource attribute
UE RX beam-sweeping procedures during DL PRS reception are left up to UE implementation
i.e. procedures whether and how to select UE RX beam for DL PRS reception are not specified
RAN1 assumes that for each DL PRS Resource, a UE may select different RX beam and establish association between DL PRS Resources and UE RX beams
	i.e. association of DL PRS Resources with UE RX beams is up to UE implementation
Proposal 6: 
NR supports UE beam-sweeping for UL SRS (PRS) transmission across different UL SRS(PRS) Resources
NR supports gNBs UL RX beam sweeping to establish association between UL SRS Resources (UL TX beams) and DL RX beams that can be further associated with DL PRS Resources
NR supports association of UL SRS (PRS) Resources and DL PRS Resources for UL-TDOA support
i.e. UL SRS (PRS) Resources are associated with DL PRS Resources
Proposal 7:
NR supports association of DL PRS Resources and UL SRS(PRS) Resources and corresponding signalling for UE configuration
Proposal 8:
Adopt Option 1 as UE timing advance behaviour for UL SRS(PRS) transmission, where the same timing advance value based on serving cell is applied for transmission
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