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Introduction
[bookmark: _Hlk510705081]As part of the WID [1], RAN1 has the following objective related to physical layer procedures for NR positioning:
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
This contribution discusses Nokia’s view on any physical-layer procedures needed to support NR positioning measurements in Rel-16. For Nokia’s view on the downlink and uplink reference signal design for NR positioning see [2-3]. In addition, see our companion contribution [4] for our views on UE/gNB measurements for NR positioning. 
Discussion
Remailing issues in UL TPC
1.1.1  Pathloss reference signal
At RAN1#98 the following agreement about UL TPC was made: 
	Agreement:
For the purpose of power control of the SRS for positioning purposes, support configuring a DL reference signal of a neighboring cell to be used as DL path loss reference. One of the following can be configured as the DL reference signal.
· SSB
· DL-PRS at least for multi-cell RTT
· FFS: CSI-RS



In our view the inclusion of SSB and DL-PRS for at least multi-cell RTT is sufficient for having DL path loss reference at neighboring cells. It is not clear that including CSI-RS would improve the positioning performance and comes with additional complexity including potential further signaling/configuration overhead. 
Proposal 1: Do not support CSI-RS as a DL pathloss reference for neighboring cells for the purpose of power control. 
UL beamforming
1.1.2  Rx beamforming
One agreement is reached in RAN1 #98bis to assist UE to perform Rx beamforming for positioning purpose.
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

The remaining issue is whether to support CSI-RS for RRM as QCL Type D source of DL-PRS. As CSI-RS for RRM is UE-specific, it is not practical for a cell to perform beam training based on CSI-RS for a non-serving UE. In addition, additional gain from CSI-RS as QCL Type D source is not clear as SSB and DL-PRS are already agreed to be QCL Type D source. These two options should be able to provide sufficient flexibility.
Proposal 2: Do not support CSI-RS for RRM as QCL Type D source of DL-PRS, in order to assist UE to perform Rx beamforming 
1.1.3  Tx beamforming
One agreement is reached in RAN1 #98bis to support configuration of a spatial relation between a reference DL RS from neighboring cells and the target SRS for positioning.
Agreement:
· 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

The remaining issue is whether to support CSI-RS for RRM as the reference DL RS. With similar problem mentioned in above section (additional beam management overhead for non-serving UE), we do not see clear benefit to support CSI-RS from neighbor cell as spatial relation for a positioning SRS.
Proposal 3: Do not support CSI-RS from neighbor cell as spatial relation for a target SRS for positioning.
PRS BWP Considerations
In RAN1#96b, it has been agreed that PRS configuration was independent of BWP configuration. In addition, the UE behavior to receive PRS for intra-frequency measurement was discussed. Two options were listed in case measurement gap is configured:
	[bookmark: _Hlk15636269]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.


In RAN1 #97, it is agreed to further down-select option 2 for intra-frequency measurement when measurement gaps are configured.
	Agreement:
For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs (Option 2 in the related Agreement from RAN1 #96-Bis).
· Note: The UE has flexibility to measure only on a part of the DL PRS configured bandwidth as long as measurement requirements are met.


To summarize what have been agreed for intra-frequency measurement:
· Case 1: When measurement gaps are not configured, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.
· Case 2: When measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs. And the measured DL PRS could have a different numerology as the active DL BWP
In Rel-15 NR, measurement gaps are typically configured to align with SMTC for connected mode aiming for SSB based intra-frequency measurement. In order to perform DL PRS measurement, additional measurement objects to be introduced within the measurement gaps, which may lead to the increase of measurement gap occasions. Or, a dedicated measurement gap pattern is configured to UE for intra-frequency DL PRS measurement. Both ways may have impact on existing intra-frequency measurement behavior. Therefore, it is not efficient to change measurement gap configuration for PRS measurement.
It is already agreed in RAN1 #96bis, the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE. In this case, it may happen that the PRS bandwidth and/or PRS numerology are different from that in active DL BWP, as information of PRS configuration from neighbor cells is transparent at the serving gNB. If the UE only measure PRSs within the active DL BWP and with the same numerology as the active DL BWP, there may be big impact for positioning performance, especially when the bandwidth of active DL BWP is very small.
Two potentials can be considered to solve the issue.
Option 1: introducing dedicated measurement gap for positioning
Option 2: supporting low-cost BWP switching for positioning
In both options, a RRC signaling should be introduced for UE to request measurement gap or BWP switching. Then, the gNB knows when and where the UE will perform PRS measurement. It can further allocate suitable measurement gap or BWP switching configuration to the UE. In particular for BWP switching, a periodic BWP switching can be further considered for UE PRS measurement.
Proposal 4: Support UE requested BWP switching and/or measurement gap for DL PRS reception.
PRS Measurement Overhead
RAN1 has agreed to introduce DL PRS resource sets in part to facilitate beam sweeping of the PRS for operation in FR2. Positioning at mmWave frequencies can be quite attractive due to the large BW that is available for PRS transmission. However, the measurement overhead for FR2 may be quite high. For example if the UE needs to measure 8 cells and the PRS is sent in 8 beams from each cell then the UE may need to measure up to 64 PRS. In addition, if the UE needs to perform RX beam sweeping on some of the cells it will require even more PRS measurements. Ideally a UE would only need to measure a subset of DL PRS resources within one DL PRS resource set. This is only possible if the UE (and optionally the network) knows apriori which beams the UE should select to measure the DL PRS on. 
Observation 1: The measurement overhead for DL PRS reception at FR2 may be quite high, in particular when UE RX beam sweeping is needed. 
Observation 2: Knowing apriori which DL PRS resources (i.e., beams) the UE should measure within a DL PRS resource set would be beneficial from a measurement overhead point of view. 
One potential solution that has been discussed is the use of QCL information to neighbor cells. However, the UE may not always have QCL information to all the cell it wishes to measure the PRS from. This at least due to the fact that the number of cells which the UE will measure, for DL-TDOA for example, is higher than the number of cells that the UE is measuring for mobility purposes. This means the UE either needs additional configurations prior to PRS measurement which increase cost at the UE side or the UE will not have sufficient QCL information for all the cells.
Observation 3: QCL information alone is not sufficient to help reduce the DL PRS measurement overhead. 
DL beamforming (gNB RX beam selection) 
At RAN1#97 the following agreement was reached
	Agreement:
For positioning purposes, for UL Beam management/alignment towards serving and neighboring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighboring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
· Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behavior)



[bookmark: _Hlk4752509]One related issue to this agreement that has not been discussed is the topic of gNB RX beamforming during the UL positioning transmission procedure. One of the agreed solutions for UL RX beam management is to use UL beam alignment at FR2 through DL reception and beam correspondence. It is true that the DL beam correspondence is a simple way to obtain beam correspondence for UL, but a UE may not measure the SSB/DL PRS of all the cells that want to try to receive it for UL positioning. Moreover if LMF intends to make specific measurements through a further narrow beam (i.e. for AoA measurement case), DL beam correspondence needs additional CSI-RS resource configurations through RRC signaling. It may also be costly for the UE to measure the SSB for every cell it wants to use for positioning. In this way, if wanting to increase the number of measurement points, a high measurement load is caused at the UE side for UL positioning, we think such procedure mitigates the benefit of UL positioning methods, which has little/no dependency on DL resources for UL measurements.
Observation 4: Although use of UL beam alignment at FR2 through DL reception and beam correspondence is one of the straightforward solutions, a UE may not measure the SSB/CSI-RS of all the cells that want to try to receive it for UL positioning.
UL beam alignment can be used in scenarios where it is sufficient for positioning based on the number of cells the UE is aligned to and the positioning requirements. In the case where UL beam alignment is not sufficient then the neighboring gNBs may need to perform RX beam sweeping in order to accurately estimate either the angle of arrival or time of arrival from the UE. In the case where not enough cells can hear the UE the LMF may need to trigger /request a larger repetition factor of the SRS. In particular the UL link budget may be quite limited at FR2 (especially for neighbor cells) and this will cause even fewer cells to be able to make high quality measurements on the SRS for positioning. 
Observation 5: The UL link budget at FR2 may limit the number of cells which can perform measurements on SRS for positioning. 
In the equivalent for the DL there is the notion of Repetition ON for CSI-RS which the UE can use to help it determine the correct RX beam to use. In order for the neighboring gNBs to determine the correct RX beam to use they may need to perform RX beam sweeping. For the neighbor gNB to perform this gNB RX beam sweeping in a meaningful way the UE needs to send using the same TX beam during the sweeping. 
Proposal 5: Support gNB RX beam sweeping during transmission of SRS for positioning including LMF request of number of SRS repeated transmissions. 
Conclusion
In this contribution we make the following observations:
Observation 1: The measurement overhead for DL PRS reception at FR2 may be quite high, in particular when UE RX beam sweeping is needed. 
Observation 2: Knowing apriori which DL PRS resources (i.e., beams) the UE should measure within a DL PRS resource set would be beneficial from a measurement overhead point of view. 
Observation 3: QCL information alone is not sufficient to help reduce the DL PRS measurement overhead. 
Observation 4: Although use of UL beam alignment at FR2 through DL reception and beam correspondence is one of the straightforward solutions, a UE may not measure the SSB/CSI-RS of all the cells that want to try to receive it for UL positioning.
Observation 5: The UL link budget at FR2 may limit the number of cells which can perform measurements on SRS for positioning. 
In this contribution we make the following proposals:
Proposal 1: Do not support CSI-RS as a DL pathloss reference for neighboring cells for the purpose of power control. 
Proposal 2: Do not support CSI-RS for RRM as QCL Type D source of DL-PRS, in order to assist UE to perform Rx beamforming 
Proposal 3: Do not support CSI-RS from neighbor cell as spatial relation for a target SRS for positioning.
Proposal 4: Support UE requested BWP switching and/or measurement gap for DL PRS reception.
Proposal 5: Support gNB RX beam sweeping during transmission of SRS for positioning including LMF request of number of SRS repeated transmissions. 
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