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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
[bookmark: _Hlk4508044]At RAN1#96-bis a series of agreements were made around physical layer procedures that need to be addressed during the WI. In this section we provide our views on the various procedures and options including some new options that should be considered at RAN1#97. 
The first agreement was about how the UE should hand intra-frequency measurements:
	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 NR system, a UE may be configured with an active DL BWP (for data reception), which is maintained and controlled by its serving gNB. If the UE is requested to provide location information in a DL based positioning method, the UE needs to receive and measure PRS from multiple cells. It may happen that the current active DL BWP (for normal traffic data reception) is different from the BWP desired for PRS reception. In this case, the UE shall switch its RF for PRS reception. However, the PRS configuration (e.g., bandwidth, periodicity) of neighbor cells is unknown at the serving gNB. Without such information, the serving gNB is not able to assign suitable BWP for the UE to perform PRS reception.
Observation 1: The information of PRS configuration from neighbour cells is transparent at the serving gNB.
At RAN1#96-bis it was also agreed that PRS configuration is independent of the configured DL BWP of the UE. Therefore a UE may or may not have a suitable DL BWP configuration after the UE receives the PRS configuration over LPP. 
Furthermore, not only the PRS configurations from neighbour cells, even the positioning activities (e.g.,PRS measurement; measurement report) from the UE are transparent to the gNB. It is beneficial that UE could indicate a BWP allocation/RF switching request to the gNB after it is requested to provide location information. Such request can be carried by an RRC signalling. Then, the gNB knows when and where the UE will perform PRS measurement and potentially allocates suitable BWP to the UE.
Proposal 1: Support UE requested BWP switching for PRS reception.
The next agreement was about how the UE would perform Rx beamforming. 
	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).
· [bookmark: _Hlk7531851]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.



In the case that the UE does not know which Rx beam to use (e.g., QCL ‘Type D’ is not available) then the UE should be able to perform Rx beam sweeping. While Rx beam sweeping may not be the ideal behaviour in terms of overhead it should certainly be supported as a baseline. 
Proposal 2: For UE Rx beamforming in positioning, as a basline support: 
· 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. 

Note: This does not preclude other options to assist UE Rx beamforming during positioning from being supported. 
In addition, in the case that some number of RS can be received by the UE to allow QCL ‘Type D’ to be configured for at least the some of the cells the UE is supposed to receive the PRS on the overhead involved can be reduced. 
Proposal 3: For UE Rx beamforming in positioning, support:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.

One issue that arises with this solution of using QCL ‘Type D’ is that the UE may wish to receive the PRS from far away neighbor cells which it has not received the SSB or CSI-RS from previously. In this case the UE would still need to perform RX beam sweeping in order to properly receive the PRS. The UE may not have proper QCL ‘Type D’ for a number of other reasons as well. 
Proposal 4: RAN1 should discuss solutions to the UE RX beam selection for PRS reception. In particular, in the case where QCL ‘Type D’ is not sufficient.
The next agreement considers the TA for UL SRS transmissions. 
	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.



In NR systems, Rel-15 NR SRS transmission is configured for an individual UE-specific configuration by a serving cell, while LTE systems supports both a cell specific and a UE specific configuration. There are largely two kinds of SRS TA control manners in LTE-A as common SRS and dedicated SRS. 
In LTE-A, common SRS is also called cell specific SRS and dedicated SRS is also called UE Specific SRS. In SIB2 message, common SRS can be configured through “soundingRS-UL-ConfigCommon” field in TS 36.331, and after RRC connection, UE specific SRS can be configured through “soundingRS-UL-ConfigDedicated” field in TS 36.331. Firstly, for NR, it is unnecessary to implement both of the LTE concepts for Rel-16 SRS. Since SRS configuration is UE specific, SRS TX control in Rel-16 SRS is UE specific. 
It is worthwhile to study for neighbour cell hearability through TA improvement associated with neighbour cells. We observe that TA mis-alignment is one of the causes of poor hearability in neighbour cell side. Especially, NR systems can operate with various NR numerologies, there exist short OFDM symbols and short CP length. If TA values are not adjusted properly, UL hearability can be very poor despite any efforts. If two target UEs in Figure 1 locates in distance farther than values [m] listed in green in Table 1, their signals fall out of the CP length, then it hurts signal quality proportional to inter-symbol interference due to the mis-alignment. If a serving cell controls timing targeting at the serving cell itself, more severe mis-alignment causes between the two UEs as Figure 1. We think the Rel-15 SRS TA control process should be improved. 


Figure 1: Neighbour cell hearability issue due to TA misalignment and power control 
targeting at serving cell
Table 1: TA misalignment range within CP: If two target UEs locates in distance farther than values [m] listed in green, their signals falls out of CP length.
	SCS [KHz]
	OFDM symbol 
duration [us]
(excluding CP)
	Normal CP length 
[us]
	Distance [m]
covered by normal CP 
	Long CP length 
[us]
	Distance [m]
covered by long CP 

	240
	4.17
	0.288
	86.4
	N/A
	N/A

	120
	8.33
	0.586
	175.8
	N/A
	N/A

	60
	16.67
	1.172
	351.6
	1.693
	507.9

	30
	33.33
	2.344
	703.2
	N/A
	N/A

	15
	66.67
	4.688
	1406.4
	N/A
	N/A



In order to solve the issues, we consider option-3 of TA mechanisms that the configured TA can be adjusted for the purpose of transmitting UL SRS intending to a neighboring cell. Option-2 is close to the cell-specific TA control concept, LMF should know UE TA adjustment for UL-TDOA, which needs additional reporting process from a UE to LMF, which seems like redundant procedures. But if option-3 is supported, we think option-2 process can be possible.
Proposal 5: Prefer to study option-3 of TA mechanisms that the configured TA can be adjusted for the purpose of transmitting UL SRS intended for a neighboring cell. 
Observation 2: It is worthwhile to study both option-2 and option-3. If option-3 is supported, option-2 concept of a configured TA adjusted by a UE can be also supported.
In order to improve UL hearability through TA control enhancement, Rel-15 SRS follows the same TA control with PUSCH transmission. NR systems does not have a separate TA control for Rel-15 SRS transmission, which means TA control adopting for the data TX timing. In order to control SRS transmission toward neighbor cells, a separate TA control parameter is required for Rel-16 UL-PRS. 
Proposal 6: Consider defining UL-PRS (SRS) TA control signaling separately from other UL TX signals (i.e., PUSCH) TA in Rel-16.
The next agreement considers the TPC for UL SRS transmissions. 
	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).



As illustrated in Figure 1, TX power control targeting only at the serving cell causes an issue of neighbour cell hearability. This is one part of Rel-16 SRS that can be improved for UL positioning as well. 
TX power on Rel-15 SRS transmission can be adjusted separately from PUSCH in TS 38.213. It is already possible to increase SRS TX power by 3 dB steps. So we feel TPC will be good to reuse this signal.  TS 38.213, 7.3.1 explains SRS transmission behaviors based on [image: ] in SRS transmission occasion. We think that Rel-16 SRS power control to neighbour cells can be done by this signalling. Then, how to control the value between the serving cell and neighbour cells are for further study. Option-2 mentioned about the existing power control method in Rel-15, but Rel-15 manner has been defined only for the serving cell. We agree to define TX power control toward the neighbour cells as option-3.
Proposal 7: Study TPC mechanism with Option-3 of The UL SRS Tx power control determined by modifying the existing power control procedure.
At RAN1#96-bis the following agreement was made about UL beam management/alignment. 
	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



[bookmark: _Hlk4752509]One issue that was not discussed was the topic of gNB RX beamforming during the UL beam management procedure. One of the proposed 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 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 signalling. 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, the measurement load is caused in the UE side for UL positioning, we think such procedure mitigates the benefit of UL positioning methods, which has no dependency on DL resources for UL measurements.
Observation 3: 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 reptition factor of the SRS. 
Proposal 8: Support gNB RX beam sweeping including LMF request or configuration of number of SRS repeated transmissions. Note: This does not preclude other options such as UL beam alignment from also being supported.  
Conclusion
The following observations were drawn:
Observation 1: The information of PRS configuration from neighbour cells is transparent at the serving gNB.
Observation 2: It is worthy to study both option-2 and option-3. If option-3 is supported, option-2 concept of a configured TA adjusted by a UE can be supported.
Observation 3: 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.
The following proposals were made:
Proposal 1: Support UE requested BWP switching for PRS reception.
Proposal 2: For UE Rx beamforming in positioning, as a basline support: 
· 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. 

Proposal 3: For UE Rx beamforming in positioning, support:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.

Proposal 4: RAN1 should discuss solutions to the UE RX beam selection for PRS reception. In particular, in the case where QCL ‘Type D’ is not sufficient.
Proposal 5: Prefer to study option-3 of TA mechanisms that The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cells. 
Proposal 6: Consider defining UL-PRS (SRS) TA control signaling separately from other UL TX signals (i.e PUSCH ) TA in Rel-16.
Proposal 7: Study TPC mechanism with Option-3 of The UL SRS Tx power control determined by modifying the existing power control procedure.
Proposal 8: Support gNB RX beam sweeping including LMF request or configuration of number of SRS repeated transmissions. Note: This does not preclude other options such as UL beam alignment from also being supported.
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