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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN plenary meeting #83, the work item of NR Positioning Support was approved [1]. The following is one of the objectives for the WID.
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
In RAN1#96bis meeting, the following agreements were reached with respect to physical-layer procedures to support UE/gNB measurements [4].
Agreement:
The potential physical layer procedures to support UE/gNB measurements for NR positioning may include:
1.	UE procedures for receiving DL PRS, including
a.	DL PRS timing aspects
b.	Bandwidth part operation
c.	Beam management aspects
d.	Measurement/reporting related aspects
2.	UE procedures for transmitting UL PRS, including
a.	Transmission timing and timing adjustments
b.	Power control
c.	Beam management aspects
3.	gNB procedures to support NR positioning measurements, including
a.	DL PRS configuration aspects
b.	UL PRS configuration aspects
c.   Beam management aspects
d.	Measurement/reporting related aspects
Agreement:
The DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE
Agreement:
For intra-frequency measurements:
· The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.
Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.
Agreement:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2:  The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.
Agreement:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).
Agreement:
For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, consider one or more of at least the following options:
· Option 1:  Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· FFS: Which Reference DL RS can be used (e.g., SSB/CSI-RS/DL-PRS).
· Option 2: Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources.
· Option 3: The Tx beam is fixed for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS: How the fixed beam is selected
In this contribution, we present our views on DL and UL related physical-layer procedures for UE and gNB measurements.
2. UE procedures for receiving DL PRS
DL PRS bandwidth
During RAN1#96b, it has been agreed that the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE. Furthermore, two options are proposed regarding the UE DL PRS measurement bandwidth when a measurement gap is configured for a UE. We think option 2 where the UE can measure outside the DL BWP configuration is a better choice for positioning purpose. There are two reasons. 
The primary reason is because DL PRS bandwidth has the most important impact toward the positioning accuracy requirement. NR DL PRS design should consider the operation in low and high frequency band of NR radio-technology. Thus DL PRS should support scalable bandwidth from 5 MHz to 400 MHz. Large bandwidth can bring good correlation performance and high RSTD resolution. For instance, the evaluation results in [2] showed that using PRS with a 400 MHz bandwidth can meet the stringent requirement of 1 m. By configuring a proper DL PRS bandwidth and allowing the UE to measure outside DL PRS outside the DL BWP configuration with measurement gap, it is possible for the location server to assure the required positioning accuracy. 
Another reason for option 2 is that the location server (i.e., location management function LMF) does not need to know the UE’s BWP specific configurations in the serving cell. While for option 1 where the measurement is within the UE DL BWP configuration, the location server would need to know the UE’s DL BWP configuration to assure the positioning performance accuracy requirement, which requires backhaul signalling. Furthermore, informing multiple UEs’ DL BWP configurations and updating such information when UEs’ DL BWP configurations change is costly. 
Therefore, we propose
[bookmark: Pro3]Proposal 1: For intra-frequency measurements, the UE can measure the DL PRS resource outside the DL BWP in a configured measurement gap.
Considering the measurement gap configuration is also independent of PRS configuration, when UE is expected to measure the DL PRS resource outside the active DL BWP, a RRC signaling which is transmitted from UE to serving gNB should be introduced for UE to request the measurement gap configuration after receiving LPP assistance data. This is similar to InterFreqRSTDMeasurementIndication introduced in LTE for UE to request measurement gap. The related time domain information to indicate the measurement gap should be included in this signaling. 
Proposal 2: A RRC signaling should be introduced for UE to request a measurement gap configuration when UE is expected to measure the DL PRS resource outside the active DL BWP.
When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP with the same numerology as the active DL BWP. The frequency domain occupation on common resource grid of DL PRS resource can be determined by certain starting CRB index and bandwidth. Considering that the DL PRS configuration is independent of the active DL BWP configuration. How UE derives the PRS UE measures within a BWP based on the bandwidth and the starting CRB index of a PRS resource should be also studied. 
Proposal 3: Further study how UE derives the PRS UE measures within a BWP based on the bandwidth and starting CRB index of a PRS resource when measurement gap is not configured.
DL PRS beam management
Beam sweeping/alignment has been agreed to be supported by DL PRS [3]. Beam related information can provide spatial and angular domain information such as accurate arrival/departure angle, which in turn provides additional benefits for UE positioning measurement. However, analog beamforming causes scheduling restriction that each symbol is transmitted using only one beam per panel, which affects PRS design especially in FR2. In order to support beam sweeping/alignment, we think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells. In addition, when DL PRS beam sweeping is performed by serving cell or neighboring cells, UE may report the best DL PRS beam information of each cell to the network. Therefore, the spatial relationship can be also indicated by DL PRS.
During RAN1#96b, multiple options are proposed regarding UE Rx beamforming. Among them, we think at least option 1 should be supported. Furthermore, the DL reference signal should be SSB for either a serving or neighbouring cells.
[bookmark: Pro5]Proposal 4: The DL PRS can be configured to be QCLed Type D with a DL reference signal from a serving or neighbouring cell.
· SSB or CSI-RS or DL PRS is the DL reference signal.
3. UE procedures for transmitting UL PRS
In RAN1#AH1901, it was agreed that NR SRS is used as a starting point for design and analysis UL PRS. For positioning purpose, a separate SRS resource set may need to be introduced for positioning only which is different from other SRS functionalities for data communication such as beam management, codebook based or non-codebook based transmission or antenna switching. SRS for positioning may have different physical procedure and configuration compared to current SRS usage. 
UL SRS transmission timing for positioning
Time Advance (TA) is used especially for UEs far away from the serving gNB so that the uplink signal can be received within the scope of CP so that it will not affect the reception of other uplink signals. SRS for positioning should be measured at neighbouring gNBs so that RTOA can be obtained on network side. The simplest way is to configure TA based on the serving cell which has no change to current specification. 
There were other proposals in RAN1#96b to support UE adjust TA intended for neighbouring cells. Option 2 and option 3 are proposed in RAN1#96b for SRS transmission timing for positioning purpose. The common thing about these proposals in that the configured TA can be adjusted by the UE for the purpose of transmitting UL SRS intended to a neighbouring cell. The difference of option 2 and option 3 is simply where the adjustment value is provided by the UE (option 2) or by the network (option 3).
However, there is a big concern regarding both option 2 and option 3 in the sense that the transmitted UL SRS from a UE intended to a neighbouring cell may cause serious interference especially to the UE’s serving cell where typically the UL signal has the strongest strength at the receiver. It is not clear at all how a UE transmitted UL SRS can be isolated at the serving cell and/or other (non-intended) neighbouring cells’ receiver and intended only to a particular neighbouring cell. Furthermore, even if such isolation is feasible and ignoring UL interference toward all other base stations, TA adjustment for each neighbouring cell will lead to a long latency in positioning. In summary, we think only option 1 shall be supported.  
Proposal 5: For UL PRS transmission, no adjustment is needed for the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
UL SRS power control for positioning
From our simulation results from [2], we can conclude that uplink positioning performance is limited for scenarios in sparse network deployment such as UMa scenario. While for scenarios with shorter gNB distance, the performance is sufficient such as UMi and Indoor scenario. So power control mechanism should be considered especially for sparse network deployment. In Rel-15, SRS transmission power can be calculated by estimating downlink RS which is specified by high layer parameter ‘pathlossReferenceRS’ including CSI-RS index or SSB index of the serving cell. 
Considering new usage for positioning, SRS transmission power may take neighbouring cell downlink RS as a pathloss reference RS such that the UE can transmit SRS based on the weak links of surrounding gNBs with the allowed TX power to improve the hearable of SRS. However, this solution will lead to interference with normal data uplink transmission of other UEs in neighbouring cells, especially for the case with large TX power. Thus SRS TX power should not necessarily be based on the cell with the largest pathloss. 
Proposal 6: Support SRS power control based on pathloss reference signal of the serving cell.
UL SRS beam management
In LTE, the radiation power pattern of a single antenna element is omni-directional. The UL positioning RS sent by one UE can be received by multiple gNBs/TRPs/LMUs from different directions. In NR, SRS spatial information indication mechanism for both UEs with and without beam correspondence should be considered. When beam correspondence is held at UE side, SRS spatial information can be acquired by the DL channel of the serving cell and neighbouring cells. For the serving cell, UE can take SSB or CSI-RS or SRS as reference indicated by the high layer parameter ‘spatialRelationInfo’ with ‘SSB index’ or ‘CSI-RS index’. However, for neighbouring cells, there is no such indication for QCL source RS. Therefore, UE should be configured additional spatial relation with downlink RS of neighbouring cells. SSB of neighbouring cells can be a candidate. In addition, considering downlink PRS beam sweeping manner and OTDOA measurement results for multi-beam, DL PRS is another candidate. 
Proposal 7: Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS
· SSB or CSI-RS or DL PRS is the reference DL RS.
However, when beam correspondence is not held at UE side, SRS beam sweeping is a better solution to cover potential neighbouring cells. An example of SRS beam sweeping pattern is illustrated in Fig.1. SRS resource is repeated a number of times in one beam direction to allow RX beam sweeping at gNB side or increase uplink hearability. The beam sweeping pattern contains N consecutive SRS groups with different beam directions. Within each SRS group, M consecutive SRS resources are included and each SRS resource has the same beam direction. The number of consecutive SRS group depends on the UE capability for uplink beam management. In order to be received by neighbouring cells, the beam sweeping pattern information should be exchanged between neighbouring cells.


Fig.1 An uplink beam sweeping pattern
Proposal 8: For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
4. Conclusion
In this contribution, some physical-layer procedures for NR positioning are discussed with the following proposals,
Proposal 1: For intra-frequency measurements, the UE is expected to measure the DL PRS resource outside the DL BWP configuration if the measurement is made during a configured measurement gap.
Proposal 2: A RRC signaling should be introduced for UE to request a measurement gap configuration when UE is expected to measure the DL PRS resource outside the active DL BWP.
Proposal 3: Further study how UE derives the PRS UE measures within a BWP based on the bandwidth and starting CRB index of a PRS resource when measurement gap is not configured.
Proposal 4: The DL PRS can be configured to be QCLed Type D with a DL reference signal from a serving or neighbouring cell.
· [bookmark: _GoBack]SSB or CSI-RS is the DL reference signal.
Proposal 5: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
Proposal 6: Support SRS power control based on pathloss reference signal of the serving cell.
Proposal7: Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS
· SSB or CSI-RS or DL PRS is the reference DL RS.
Proposal 8: For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
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