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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 meeting#98bis, the following agreements were achieved regarding on physical-layer procedures for NR positioning [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 present our views on physical-layer procedures for UE and gNB measurements for positioning.
2. UE procedures for receiving DL PRS
2.1 DL PRS bandwidth
In RAN1#96bis, it has been agreed that the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE. During RAN1#97, it has been further agreed that for intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured BWPs. Considering the measurement gap configuration is independent of PRS configuration, when UE is expected to measure the DL PRS resource outside the active DL BWP, an RRC signalling which is transmitted from the UE to the serving gNB should be introduced for the UE to request the measurement gap configuration after receiving LPP assistance data. This is similar to InterFreqRSTDMeasurementIndication introduced in LTE for the UE to request measurement gap. The related time domain information to indicate the measurement gap should be included in this signalling.
Therefore, we propose
Proposal 1: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Moreover, 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 a UE derives the PRS which the UE measures within a BWP based on the PRS bandwidth and the starting CRB index of a PRS resource should be also specified. 
The behaviour of the UE receiving PRS is similar to the behaviour of the UE receiving the CSI-RS in Rel-15. The bandwidth and starting CRB index of a PRS resource can be represented by parameters  and  respectively. And the reference point for  is CRB 0 on the common resource block grid. If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
[bookmark: _GoBack]Proposal 2: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
2.2 DL PRS beam configuration
Beam sweeping/alignment has been agreed to be supported by DL PRS [2]. 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. In previous RAN1#98bis meeting, the following agreement was achieved regarding DL PRS beam management/alignment.
	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


We think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS for beam management. And for DL PRS from neighbouring cells, beam configuration could refer to CSI-RS for RRM if the CSI-RS resource has been already obtained by the UE. Based on the above we make the following proposal:
Proposal 3: The DL PRS can be configured to be QCLed Type D with CSI-RS for RRM from a serving or neighbouring cell.
2.3 DL PRS timing
In LTE, the RSTD value that UE is expected to measure can be indicated by ‘expectedRSTD’ specified in [3]. The ‘expectedRSTD’ fields takes into account the expected propagation time difference as well as transmitting time difference of PRS positioning occasions between the reference cell and the other cell. If DL PRS can be configured with a QCL relation of ‘QCL-type C’ with other signals such as SSB from neighboring cells, the ‘expectedRSTD’ may be not mandatory needed which saves signalling and reduces complexity. In RAN1#98bis, SSB has been used as ‘QCL-type C’ source RS for DL PRS resource already. Based on the QCL information derived from SSB, the UE may use the timing of SSB as a reference to determine the PRS search window. In addition, we think PRS resource can also be configured ‘QCL-type C’ with CSI-RS for RRM from a neighboring cell. Compared to SSB, CSI-RS for RRM may have a maximum bandwidth of 264 PRBs which can lead to higher timing estimation accuracy. Furthermore, if PRS is QCLed with CSI-RS for RRM from a neighbouring cell and the associated SSB of CSI-RS for RRM is applied, UE may also reference the timing of the SSB to determine the PRS search window.  
Proposal 4: For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for RRM.
In LTE, an expected RSTD value together with uncertainty (search window) is provided to the UE which is specified in LPP [3] as below. 
	expectedRSTD						INTEGER (0..16383),
	expectedRSTD-Uncertainty			INTEGER (0..1023),
This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmission time difference of PRS positioning occasions between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3Ts, with Ts=1/(15000*2048) seconds. This field contains 14 bits information which represents the range of ±800us.  
In NR, the expectedRSTD field is also introduced. This field may not need so many bits as LTE since the transmission time differences of different TRPs are provided to UE. Therefore, the field in NR only takes into account the expected propagation time difference. Considering that the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe when the EARFCN of the neighbour cell is the same as for the assistance data reference cell for OTDOA positioning in LTE, we can assume that the maximum propagation time difference should be not exceed 300us. In the case where the resolution is still 3Ts, we prefer to use 12 bits to indicate the expectedRSTD field in NR which can cover the range of ±200us and 60km.  In addition, we think the value of expectedRSTD-uncertain can also be reused.
Proposal 5: For ‘expectedRSTD’ and ‘expectedRSTD-uncertain’, the following values are supported:
· The value of ‘expectedRSTD’ should be represented by 12 bits .
· The value of ‘expectedRSTD-uncertain’ should be represented by 10 bits .
3. UE procedures for transmitting UL PRS
For positioning purpose, a separate SRS resource set may need to be introduced for positioning 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. 
3.1 UL SRS power control for positioning
In previous RAN1#98bis meeting, the following agreement was achieved regarding power control of UL SRS for positioning.
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.
In Rel-15, up to four pathloss estimates per serving cell are currently specified for PUSCH/PUCCH/SRS transmissions for a UE. There’s argument in RAN1#98b that current up to 4 SRS pathloss references specified in Rel-15 for serving cell may be used towards neighboring cell(s). However, we think this may adversely affect the SRS transmission for non-positioning purpose. Note that the motivation of configuring some additional pathloss estimates across all SRS resource sets for positioning is to control UE’s transmission power targeting at neighboring cell(s). Considering the practical usage case and potential UE capability impact, we think 4 additional pathloss estimates across all SRS resource sets for positioning is reasonable.
Proposal 6: A UE does not expect to simultaneously maintain more than four 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.
4. Conclusion
In this contribution, we presented our views on physical-layer procedures for NR positioning with the following proposals.
Proposal 1: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Proposal 2: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
Proposal 3: The DL PRS can be configured to be QCLed Type D with CSI-RS from a serving or neighbouring cell.
Proposal 4: For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for RRM.
Proposal 5: For ‘expectedRSTD’ and ‘expectedRSTD-uncertain’, the following values are supported:
· The value of ‘expectedRSTD’ should be represented by 12 bits .
· The value of ‘expectedRSTD-uncertain’ should be represented by 10 bits .
Proposal 6: A UE does not expect to simultaneously maintain more than four 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.
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