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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
[bookmark: _GoBack]A new work item “NR positioning support” was approved In RAN plenary #83 [1] . One of the objectives is [1] : If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1].
During study item phase, NR positioning techniques (e.g. DL-TDOA, DL-AoD, UL-TDOA, UL-AoA) were presented and evaluated. The preliminary results can be found in [2] . 

The following were some agreements made during in RAN1 meeting #98bis [3] :

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.

· 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.

· 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.

· 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.

· 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.

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

· 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

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

· 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 our view on physical-layer procedures to support UE measurements, particularly related to the above recent agreements.
2. Discussions
2.1. UL-based positioning

The UE measures RSRP from each surrounding gNBs within a predefined interval and duration. Moreover, this measurement assists the UE to collect information on the best gNB transmit beam. Based on the downlink measurement in NR rel.15, the UE is basically has collected information related to the surrounding cells, such as channel quality and beam direction of each gNBs. Furthermore, this information can be used by the UE with minimum effort for the uplink-based positioning, particularly for beam coordination purpose. The only additional effort is the UE transmits the measurement report in preparation for configuring the UE SRS transmission for positioning purpose. The UE can transmit the measurement report either to LS or the serving gNB that has been configured to support a similar LS function. 

In one scenario, the UE can be allocated to transmit SRS without the UE downlink measurement reports. However, the SRS may not be optimally transmitted by the UE. The UL-SRS may not be received by sufficient number of gNBs or best gNBs. The UE can perform blind beam-sweeping operation with the objective the SRS for positioning can be received by multiple gNBs. However, this may also increase the interference to other UEs. In another scenario, the UL SRS allocation for positioning is coordinated so that the UL SRS can be received by serving and neighbor gNBs. This can be done by allocating UL SRS based on UE measurements of serving and neighbor gNBs. Furthermore, the spatial relation between DL RS and UL SRS as agreed in the previous meeting can facilitate this operation.

Observation 1: For UL beam management/alignment towards serving and neighbor cells, the SRS allocation can be determined based on the UE measurement/reports on selected downlink measurement information.

Proposal 1: UE can provide assistance information (i.e UE measurement reports) for the target SRS resource allocation for positioning.

In RAN#98bis, a spatial relation between SSB or DL-PRS from neighboring cell and the target SRS are agreed. This will be beneficial to assist beam management/alignment towards neighbor cell. SSB and DL-PRS is primarily designed so that the signals can be received by the UE in another cell (i.e. not necessarily in a serving cell). This may not always be the case for CSI-RS (including CSI-RS for RRM). Significant extra signaling may be required to enable CSI-RS for RRM to be used for reference RS.

Proposal 2: Spatial relation between CSI-RS for RRM from neighboring cells and the target SRS for positioning is not supported in Rel.16.

The beam coordination for uplink-based positioning can be facilitated based on the downlink measurement operation at the UE. NR downlink measurement mechanism has been established/defined in NR rel.15. It is typically performed by the UE to measure mainly the channel quality (e.g. RSRP) of serving gNB. The RSRP measurement of neighbor cell is only performed if the RSRP measurement of serving cell is deteriorated. For positioning purpose, first the UE needs to perform measurement based on the received downlink reference signals from multiple gNBs. Secondly, this measurement may affect the uplink SRS configuration, such as SRS transmit power. In case the UE needs to reach at least 3 gNBs, the pathloss estimation that may affect transmit power can be based on the selected gNB where the measured RSRP is as the third-largest according to the list of measured RSRP values from the neighbor gNBs. 

Proposal 3: The pathloss estimation for the purpose of UL SRS power control is determined based on the selected M neighbor cell(s) to support multi-lateration operation.

In RAN1 #98bis, it was agreed that 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. The value of N is for further study. We consider the value of N should also be based on the number of target neighbour cells (in addition to the serving cell) for SRS reception.

Proposal 4: The value of N additional pathloss estimates across all SRS resource sets for positioning shall consider the number of target neighbor cells for SRS reception.


2.2. Supporting On-demand positioning
The initial target of NR positioning for both regulatory and commercial requirements are described in [2] . The report also mentioned that it is expected that no single solution would fit all of the requirements for various use-cases and scenarios. In downlink-based positioning (e.g. DL-TDOA), an accurate positioning result typically requires wide bandwidth and/or long reference signal (e.g. PRS) transmission. Long PRS transmission may, however, increase the latency. Yet, some use-cases require high accuracy and short latency. In practice, we consider the majority of use-cases would not require high accuracy and only require reasonable latency. Nevertheless, the solution should cover both the more demanding use cases with very high accuracy requirement (e.g. sub 1m), as well as the uses cases with less demanding requirements  

Observation 2: NR positioning is expected to support demanding requirements (high accuracy and low latency) for some UEs and relaxed requirements for typical applications in most UEs.

Based on the above observation, an adaptive/flexible approach to positioning techniques may be used to address the multiple requirements. A flexible approach can include the combination of RAT dependent and RAT independent techniques which is not the scope of this work item [1] . Another consideration is the ability to flexibly configure OTDOA positioning with a goal of achieving the positioning requirements. It has been agreed that the flexibility can be achieved by the possibility of allocating on-demand NR DL PRS resource allocation. By doing so, the UE may receive more reference signals in order to obtain an improved positioning measurement for higher positioning accuracy. A location server is assumed to know the required positioning accuracy. It can trigger (e.g. via LPPa protocol) the selected gNBs to allocate on demand resource allocation for NR DL PRS transmission.

Proposal 5: UE-specific DL PRS resources can be provided to the UE(s) in addition to the cell-specific DL PRS resources.

Another aspect which we would like to propose is on supporting the combined downlink and uplink-based positioning (and vice-versa) to improve the positioning accuracy. In this case, the uplink-based positioning (UL-TDOA) can be operated in conjunction with the downlink-based positioning (DL-TDOA). We can expect downlink PRS signal is periodically transmitted by the gNBs. Here, the SRS resources for UL-TDOA can be allocated after the DL-PRS resources. The time-gap between the different uplink and downlink resources shall be relatively small so that the obtained measurements can be utilized to a single positioning estimate. This is illustrated in Figure 1. Two positioning measurement results represents the two directions and can be obtained and utilized by the location server for positioning estimation. Furthermore, the UE needs to receive the configuration of both positioning configurations including the timing relationship (i.e T-gap) between downlink and uplink positioning reference signals. 
T-gap
Resources for UL pos

Resources for DL pos



[bookmark: _Ref5079535]Figure 1:Illustration of DL-PRS and UL-SRS to support DL/UL positioning

Proposal 6: On supporting DL & UL based positioning measurements, a timing relationship between DL and UL positioning reference signals shall be provided.

3. Conclusion 
In this contribution, we discussed our view on some aspects related to physical-layer procedures to support UE measurements. We have made the following observation and proposals:

Observation 1: For UL beam management/alignment towards serving and neighbor cells, the SRS allocation can be determined based on the UE measurement/reports on selected downlink measurement information.

Proposal 1: UE can provide assistance information (i.e UE measurement reports) for the target SRS resource allocation for positioning.

Proposal 2: Spatial relation between CSI-RS for RRM from neighboring cells and the target SRS for positioning is not supported in Rel.16.

Proposal 3: The pathloss estimation for the purpose of UL SRS power control is determined based on the selected M neighbor cell(s) to support multi-lateration operation.

Proposal 4: The value of N additional pathloss estimates across all SRS resource sets for positioning shall consider the number of target neighbor cells for SRS reception.

Observation 2: NR positioning is expected to support demanding requirements (high accuracy and low latency) for some UEs and relaxed requirements for typical applications in most UEs.

Proposal 5: UE-specific DL PRS resources can be provided to the UE(s) in addition to the cell-specific DL PRS resources.

Proposal 6: On supporting DL & UL based positioning measurements, a timing relationship between DL and UL positioning reference signals shall be provided.
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