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1. Introduction
WID of NR positioning support [1] includes the following objects for design objectives from RAN1 perspective:
	Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]


Pertinent agreements related with physical layer procedure for NR positioning made so far are summarized as:
	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 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
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.


In this contribution, we present our views on various aspects of physical layer procedures for NR positioning, including multi-beam operation on DL PRS and timing for DL PRS; transmission timing, uplink power control and beam management for SRS for positioning.
2. Procedures for DL PRS
As agreed in RAN1 #97, the following three options are supported to multi-beam operation on downlink PRS transmission:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· 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.
To support option 2, the mechanism of DL PRS repetition factor agreed in last meeting can be used. With the configured repetition factor, each PRS resource can be repeated 2/4/8/16/32 times. Each PRS resource can correspond to one TRP Tx beam and the same TRP Tx beam is repeated in the repetitions of one PRS resources. The UE can assume that the repetitions of one PRS resource are transmitted with the same downlink spatial domain transmission filter, and thus the UE can perform Rx beam sweeping on those repetitions of each PRS resource. 
Proposal 1: To support Option 2 of multi-beam operation on DL PRS: the UE can apply Rx beam sweeping on repetitions of one PRS resource.

To support option 3, the function of configuring QCL-Type D to a PRS resource in option 1 is enough. To indicate the UE to apply same fixed Rx beam on multiple PRS resources, the system can configure the same DL RS ID to those PRS resource for QCL-Type D. The QCL-Type D provides spatial Rx parameter.  The UE uses the same Rx beam to receive RS resource configured with same QCL-Type D. However, the Tx beams applied to different PRS resources configured with same QCL-Type D is up to system implementation and that is not known by the UE. 
[bookmark: _Hlk16286608][bookmark: _Hlk23796496]Proposal 2: To support Option 3 of multi-beam operation on DL PRS: the NW can configure a same RS index for QCL-type D source for different DL PRS resources in the same set.
Regarding option 1, as in what we have agreed, each DL PRS resource can be configured with QCL-Type D with an SSB or another DL PRS resource. One FFS point is whether CSI-RS for RRM can be used as QCL-Type D for PRS. Since we can configure SSB or DL PRS as QCL-TypeD, supporting CSI-RS for RRM additionally seems not necessary. Thus, it is not preferred to support CSI-RS for RRM. 
The configuration of PRS resource and set is provided by the location server. The QCL-type D configuration along with QCL-type C shall be part of the PRS configuration provided by the location server. If an SSB is configured as source for QCL, the UE shall be provided with the information of cell ID and SS/PBCH block index. If a PRS resource is configured as source for QCL-type D for another PRS resource, we shall limit that the PRS resources shall be transmitted from the same TRP. Thus, the set ID and PRS resource ID shall be provided in the QCL configuration information.  For a PRS resource from the serving cell, the DL RS resource index can be a SS/PBCH block, a CSI-RS resource or a PRS resource from the same serving cell. For a PRS resource from a neighbor cell, the DL RS resource index can be SS/PBCH block or a PRS resource from the same neighbor cell. It is not preferred to configure a CSI-RS resource as QCL-Type D for a PRS from the neighbor cell. For a PRS resource of a neighbor cell, the location protocol is used to provide the QCL-Type D source RS index. For a PRS resource of a serving cell, the system can use either location protocol or UE-specific RRC signaling to configure QCL-type D source RS index. For a semi-persistent PRS from the serving cell, the MAC CE activation message can be used to provide/update QCL-type D source RS index, as for the semi-persistent CSI-RS resource.
[bookmark: _Hlk23796513]Proposal 3: To configure QCL-TypeD for a PRS resource:
· If an SSB is configured, the cell ID and SS/PBCH block index shall be provided.
· If a PRS resource is configured as QCL source, the PRS resource shall be transmitted from the same TRP and the PRS resource set ID and PRS resource ID are provided in QCL configuration.
To assist the timing of PRS resource reception, an SSB can be configured as source of QCL-type C for a PRS resource [2]. For the beam sweeping operation, an SSB can be configured as source of QCL-type D for a PRS resource. When SSB is configured as source for QCL-typeD and QCL-typeC for a PRS resource, the system shall configure the same SS/PBCH block for both QCL types. 
[bookmark: _Hlk16286623][bookmark: _Hlk23796893]Proposal 4: If SSB is used as source for both QCL-typeD and QCL-typeC for a PRS resource, the same SS/PBCH block shall be configured for QCL-typeD and QCL-typeC.
3. Procedures for SRS transmission
The purpose of uplink timing control supported in NR is to ensure the timing midsegment between received signals from different UEs fall within the period of cyclic prefix so that the orthogonality between uplink transmission received from different UE is kept at the receiver side of the serving gNB. To support that, the serving gNB send TA (timing advance) command per UE to control the transmission timing offset for each UE properly.  The timing advance offset is determined by the network based on measurements on the respective uplink transmission, for example, a RACH transmission. Based on the uplink measurements, the network determines the required timing correction for the UE and sends it through TA command. 
SRS transmission used for UL RTOA shall be received by multiple TRPs, including the serving gNB and neighbor cells, which is different from the transmission of other uplink signals and channels. With regard to the SRS transmission for positioning, the following options have been discussed:
· Option 1: TA is based on serving cell.
· Option 2: The configured TA can be adjusted by the UE for transmitting SRS to a neighbor cell
· Option 3: The configured TA can be adjusted by the network for transmitting SRS to a neighbor cell 
The ‘optimal’ uplink timing for an SRS transmission for positioning is the one that is able to ensure the timing misalignment at all receiver TRPs is within the cyclic prefix so that uplink orthogonality is kept at all receiver TRPs. However, that is too complicated to be implemented. Furthermore, the performance improvement from such ‘optimal’ uplink timing is not justified. Option 2 and option 3 in some sense intends to achieve such a ‘optimal’ uplink timing value. On the other hand, if the ‘optimal’ uplink timing value cannot be supported by Option 2 or Option 3, the SRS transmission following Option 2 or Option 3 might support uplink orthogonality to some neighbor cells but causes interference to serving cells.  These three options can be evaluated as follows:
· Option 1: it might cause interference at the receiver of neighbor cells but the generally the path loss to neighbor cell is larger than that to the serving cell, so negative impact of interference is less. Furthermore, specification effort for Option 1 is minimized.
· Option 2 or 3: it would cause interference at the receiver of serving cell and also some neighbor cells. Specification effort is great and the benefit is not clear.
We agreed to support Option 1 and interference to the serving cell can be considered for Option 2/3. Let’s assume the TA is adjusted by a neighbor cell, to avoid sever interference to the serving cell, we shall make sure the transmitting time of the SRS resource for positioning is within the CP length of serving cell. Considering the transmit power of SRS resource for positioning would be generally higher than other uplink signals due to uplink power based on path loss of neighbor cell, we would have a tighter requirement on the timing of SRS resource for positioning than other uplink signals. But on the other hand, if the TA adjusted by neighbor cell has to restrict the transmitting time to be within the CP, a TA adjusted by the serving cell would for the SRS transmission for positioning too.
In Rel-15, the UE can autonomous adjust its timing to within Te if the transmission timing error between the UE and the reference timing exceeds Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. However, it is not expected the reference timing changes fast, the UE may not operate autonomous timing adjust. Furthermore, the maximum amount of the timing change in each adjustment, per seconds and per 200ms is limited, as specified in 38.133. For UE autonomous adjustment, the serving cell can always adjust the UE timing correctly by sending TA commands.  
[bookmark: _Hlk16286636]Proposal 5: For TA on SRS transmission for positioning purpose, Only support Option 1. 
In release 15, the uplink power control on SRS transmission is configured per SRS resource set. Each SRS resource set is configured with the uplink power control parameters, including ,  and a path loss RS that can be an SSB or CSI-RS resource. For the SRS transmission for positioning purpose, as we agreed in RAN1 #97, a DL reference signal of a neighbor cell can be configured as the DL path loss reference signal so that the calculation of Tx power for SRS transmission for positioning purpose can take into account the received power level at some neighbor cell.
To support that, the uplink power control for SRS resource set for positioning purpose can still be configured per SRS resource set, as the SRS for other purposes specified in release 15. We can configure the following uplink power control parameters in a SRS resource set for positioning purpose:
· , and a path loss RS (SSB or CSI-RS) for the serving cell.
· A set of  and  for the neighbor cells. One or more DL RS as the path loss RS for one or more neighbor cells.
To calculate the Tx power for a SRS transmission for positioning, the UE can calculate the Tx power for serving cell and a Tx power for the neighbor cells. And the Tx power on the SRS transmission is the maximal value of Tx power for serving cell and Tx power for neighbor cells.  The Tx power for serving cell is calculated based on the  and path loss measured from path loss RS configured for the serving cell. The Tx power for neighbor cells is calculated based on ,  and the path loss measured from the path loss configured for the neighbor cell. If multiple path loss RSs for neighbor cells are configured, the UE uses the largest among the measured path losses of neighbor cells.
[bookmark: _Hlk16286658][bookmark: _Hlk23796904]Proposal 6: For an SRS resource set for positioning, configure the following uplink power control parameters:
· , and a path loss RS (SSB or CSI-RS) for the serving cell
·  and  for the neighbor cell
· One or more DL RSs of neighbor cell for measuring path loss of neighbor cells.

[bookmark: _Hlk16286665]Proposal 7: The Tx power of an SRS transmission for positioning is 
Min {, max {,}},
where  is the Tx power calculated for the serving cell and  is the Tx power calculated for all the neighbor cells by considering the largest measured path loss and   is the UE maximum output power.
We have agreed that if the UE is not able to measure the path loss from the provided path loss RS, the UE uses the SSB of serving cell used to obtain MIB to measure the path loss for power control on SRS resource for positioning. Using the SSB of serving cell as a fallback mode is a reasonable solution. However, when calculating the transmit power for SRS resource for positioning, we shall consider that an SRS resource for positioning is generally targeted to neighbor cell. Thus, the transmit power shall be larger than that of a normal SRS resource that is targeted only to the serving cell. The distance of neighbor cell is larger and the path loss is generally larger. We need more transmit power on SRS for positioning to compensate the larger path loss. Thus. It is preferred that a positive power offset is used to add more Tx power to the SRS transmission for positioning to improve the hearability.
[bookmark: _Hlk16286684]Proposal 8: When configured path loss reference is not available, the Tx power for an SRS transmission for positioning purpose is calculated as , where:
·  is the UE maximum output power
·  is the Tx power calculated based on a path loss that is calculated based on one SSB that the UE uses to obtain MIB in the serving cell.  is a positive power offset, examples value can be 3 or 6 dB.
To support a fixed Tx beam for UL SRS transmission across multiple SRS resources, it was discussed extensively in uplink beam management discussion in release 15. Alt1 is the gNB can configure the same spatial relation to those SRS resources and thus a fixed same Tx beam is applied to those SRS resources. Another method is the gNB can configure one parameter to an SRS resource set to indicate that the UE can repeat a same Tx beam one the SRS resources contained in that set. If the parameter is configured to one SRS resource set, the UE can select one Tx beam and apply that beam to all the SRS resources in that set, or the gNB can configure one Tx beam and the UE applies the configured Tx beam to all the SRS resources in that set. In our view, either method can support this function. The first method has no spec impact as the release 15 already supports it. In contrast, alt2 needs specification change by adding the parameter indicating the UE to apply a same Tx beam to multiple SRS resources in one SRS resource set. Alt1 is more preferred
[bookmark: _Hlk23796958]Proposal 9: To apply fixed Tx beam across UL SRS resources, support Alt1 to configure same spatial relation to those UL SRS resources
4. Conclusion
In this contribution, we presented our views on procedures for DL PRS transmission and UL SRS transmission. Based on the discussion, the following proposals are provided:
Proposal 1: To support Option 2 of multi-beam operation on DL PRS: the UE can apply Rx beam sweeping on repetitions of one PRS resource.
Proposal 2: To support Option 3 of multi-beam operation on DL PRS: the NW can configure a same RS index for QCL-type D source for different DL PRS resources in the same set.
Proposal 3: To configure QCL-typeD for a PRS resource:
· If an SSB is configured, the cell ID and SS/PBCH block index shall be provided.
· If a PRS resource is configured as QCL source, the PRS resource shall be transmitted from the same TRP and the PRS resource set ID and PRS resource ID are provided in QCL configuration.
Proposal 4: If SSB is used as source for both QCL-typeD and QCL-typeC for a PRS resource, the same SS/PBCH block shall be configured for QCL-typeD and QCL-typeC.
Proposal 5: For TA on SRS transmission for positioning purpose, Only support Option 1. 
Proposal 6: For an SRS resource set for positioning, configure the following uplink power control parameters:
· , and a path loss RS (SSB or CSI-RS) for the serving cell
·  and  for the neighbor cell
· One or more DL RSs of neighbor cell for measuring path loss of neighbor cells.

Proposal 7: The Tx power of an SRS transmission for positioning is 
Min {, max {,}},
where  is the Tx power calculated for the serving cell and  is the Tx power calculated for all the neighbor cells by considering the largest measured path loss and   is the UE maximum output power.
Proposal 8: When configured path loss reference is not available, the Tx power for an SRS transmission for positioning purpose is calculated as , where:
·  is the UE maximum output power
·  is the Tx power calculated based on a path loss that is calculated based on one SSB that the UE uses to obtain MIB in the serving cell.  is a positive power offset, examples value can be 3 or 6 dB.
Proposal 9: To apply fixed Tx beam across UL SRS resources, support Alt1 to configure same spatial relation to those UL SRS resources
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