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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#98b [1].
Agreement:
· The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
· A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
· FFS: Value of N
· There is at most one pathloss reference per SRS resource set configured.
· Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.

Agreement:
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· Note: The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 38.213, clause 7; range currently defined as INTEGER (-60..50)).
· If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-Resource-Power.
· The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
· FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.

Agreement:
If a DL reference signal is to be used as pathloss reference for the purpose of SRS for positioning power control, or if a DL reference signal is to be used as spatial relation info for SRS for positioning, the following is provided to the UE by higher layers:
· If the DL RS to be used is a SSB, provide the time/frequency occupancy of the SSB.  
· If the DL RS to be used is a DL-PRS, provide the the time/frequency occupancy of the DL-PRS.
· FFS: Overhead reduction for SSB which has already been detected. 
· FFS: CSI-RS configuration if CSI-RS is agreed as a pathloss reference or spatial relation info.


Agreement:
Only open loop power control mechanism is supported. If the UE is provided a pathloss reference from the serving or a neighbouring cell in the SRS for positioning configuration, but is not able to successfully measure the pathloss for the pathloss reference provided, use a RS resource obtained from the SSB that the UE uses to obtain MIB as the pathloss reference signal.


Agreement:
· An expected RSTD value together with uncertainty (search window) is provided to the UE for the TRPs in the assistance data (analogous to LTE).
· expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure.
· Note: It is assumed that precise TRP transmission time differences are provided to the UE for UE-based positioning (which is in the scope of RAN2).
· Note: RAN2 can optimize the signalling to cover both UE-based and UE-assisted positioning in a single framework.

Agreement:
For a DL PRS resource, QCL-TypeC from an SSB from a TRP (Option 1 from previous related agreement in RAN1#98) is supported 

Agreement:
· For positioning purposes, for UL Beam management/alignment towards serving cell, support configuration of a spatial relation between a reference DL RS from serving cell and the target SRS for positioning. The Reference DL RS that can be used are SSB, CSI-RS (NZP-CSI-RS-ResourceId), or DL-PRS for positioning.
· For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or DL-PRS.
· FFS: CSI-RS for RRM as the reference DL RS

Agreement:
For each SRS resource for positioning, only a single RS resource for spatial relation can be provided per resource.
Support configuration of a spatial relation between two SRS resources for positioning.

Agreement:
The SRS for positioning purposes is transmitted within the active UL BWP of the UE.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
· FFS: CSI-RS for RRM


Agreement:
For the purpose of power control of the SRS for positioning purposes (for all positioning solutions using SRS when DL-PRS is available), support configuring a DL-PRS (in addition to SSB which has already been agreed) of a neighbouring cell to be used as DL path loss reference. 
· Note: UE support of DL-PRS as a DL pathloss reference can be discussed as part of UE capability discussions
In this contribution, we discuss necessity and details for physical-layer procedures to support UE/gNB measurements.
Physical-layer procedures for NR positioning
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2.1 
2.2 
Power control
A major drawback for uplink based solutions is the poor hearability, especially in the UMa scenario where the distance between the UE and the gNB is large, because of the low transmission power of the UE. For UTDOA, another issue is the interference between UEs that could significantly limit the scalability.
Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE the scalability of UTDOA is also limited.
UL PRS is expected to be received by multiple TRPs/gNBs but the current power control scheme is only based on the serving cell link quality. In order to improve the hearability of UL PRS, some enhancements for power control is needed. Power control can be categorized into open loop and closed loop depending on whether feedback is needed. For open loop power control, it has been agreed that pathloss reference from the serving or a neighbouring cell can be provided to a UE. Basically, UE can measure received signal strength from multiple cells and identify the weakest link. Then UE can transmit based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier. Alternatively, UE can measures signal strength from multiple cells and identifies the average link quality. 
Proposal 1: With multiple pathloss reference, following Alts can be considered for UE transmission power 
· Alt1: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the weakest link. Then UE transmits based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier.
· Alt2: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the average link quality. Then UE transmits based on the average link quality as long as it is lower than the maximum allowed transmit power per carrier.
Measurement/reporting 
The measurement metrics have been defined in study item stage and should be specified in this work item. However, the details of how UE should report its measurement results in a more efficient way has not been discussed.
UE report granularity
When UE reports back its measurement results, e.g., RSTD, the values should be quantized and the quantization granularity determines the quantization error as well as the positioning accuracy. Basically, the higher the quantization granularity the more accurate the positioning is. However, very high quantization granularity will also create large signaling overhead and may increase the positioning latency. In this regards, the quantization granularity should be determined by the required positioning accuracy. In this regard, multiple quantization granularities should be supported. For high accuracy requirement, finer quantization granularity can be configured and for low accuracy requirement, coarse granularity can be configured to reduce signaling overhead. 
DL PRS quality
It has been agreed that NR should support RSRP measurement for NR DL PRS and such measurement can be used to determine DL PRS quality. The quality reflects how accurate the positioning measurement is expected. However, since UE needs to measure multiple gNBs and reporting all RSRP measurements may incur high signaling overhead. In such a case, UE can report only a subset of RSRP measurements based on gNB configuration to reduce reporting signaling overhead. For example, UE can report only the best N RSRP measurements. It should be noted that the RSRP measurement can be reported in a timing granularity different from RSTD measurement since the signal strength may change even without UE movement.
UE measurement window for low power consumption
PRS with wider bandwidth and short periodicity can be configured and shared by a group of UEs to guarantee that the most stringent positioning requirement can be met. However, in order to save UE power consumption, especially for IoT devices with stringent power consumption requirements, different measurement window in time and frequency domain can be configured to different UEs.
Proposal 2: Following aspects should be supported for UE measurement and report
· Multiple UE report granularities;
· Signalling overhead reduction for DL PRS quality report;
· Configurable UE measurement window for low complexity and low power consumption.
DL PRS arrival timing
For the expected DL PRS arrival timing, TRP transmission time difference can also be handled in the uncertainty window of option 1 and therefore option 1 is sufficient.
Proposal 3: For providing an indication of when the DL PRSs are expected to arrive in time at the UE, support the following option: 
· Option 1:  Provide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
Conclusions 
In this contribution, we discuss necessity and details for physical-layer procedures to support UE/gNB measurements. Our observations and proposals are summarized below.
Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE the scalability of UTDOA is also limited.
Proposal 1: With multiple pathloss reference, following Alts can be considered for UE transmission power 
· Alt1: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the weakest link. Then UE transmits based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier.
· Alt2: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the average link quality. Then UE transmits based on the average link quality as long as it is lower than the maximum allowed transmit power per carrier.
Proposal 2: Following aspects should be supported for UE measurement and report
· Multiple UE report granularities;
· Signalling overhead reduction for DL PRS quality report;
· Configurable UE measurement window for low complexity and low power consumption.
Proposal 3: For providing an indication of when the DL PRSs are expected to arrive in time at the UE, support the following option: 
· Option 1:  Provide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
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