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Introduction
In RAN1#96bis meeting, the potential physical layer procedures were discussed as listed in the following agreement [1].
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
In this contribution, we provide our views on some of these aspects.  
Discussion
DL Beam Management aspects
For DL beam management aspects related positioning, three options are listed in the following agreement [1] 
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.
Based on Rel-15 discussion for beam management, SSB and CSI-RS can be used for initial beam sweeping. Then, for a target signal, those reference signals can be configured in TCI state as the QCL type D source. The target signal can be any of PDSCH, PDCCH, CSI-RS including for beam refinement, for CSI feedback and for tracking. This mechanism significantly saves RS overhead  for beam management. Taking CSI-RS for tracking, i.e. TRS as an example, gNB can configure SSB or CSI-RS for beam management in the TCI state for this target TRS. When UE receives this TRS, UE will use the same receiving beam as the SSB or CSI-RS configured in the TCI state. In other words, gNB does not need to repeat this TRS several times for UE Rx beam sweeping. For DL PRS, the situation is the same as TRS. The beam management procedure can be reused for PRS which can be assumed as a target signal. 
In Rel-15 beam managemetn, if the target CSI-RS is periodic, only SSB or periodic CSI-RS can be the QCL source of the target CSI-RS. In other words, aperiodic or semi-persistent CSI-RS cannot be the QCL source of the periodic target CSI-RS. Since DL PRS is periodic, the QCL source thus should only be periodic, i.e. only be SSB or periodic CSI-RS.
Because many DL PRS resources will be transmitted by neighbour cells, it is better to support mobility CSI-RS as QCL source in order to save CSI-RS overhead. Specifically, mobility CSI-RS can be configured in a TCI state. 
In Rel-15, Based on CSI-RS resource set configured with repetition ‘on’, UE can perform Rx beam sweeping and get the best Rx beam for a corresponding Tx beam from a TRP. Therefore, UE Rx beam sweeping based on PRS resources are unnecessary. Because the density of PRS resource is much higher than CSI-RS for beam management, it will cause huge unnecessary PRS overhead if the additional Rx beam sweeping procedure is supported based on PRS. Therefore, option 2 should not be supported.
Option 3 can be achieved by option 1 wherein multiple PRS resources within the same PRS resource set are configured with the same QCL type D source, i.e. the same TCI state. Then UE will use the same Rx beam to measure these PRS resources. The TCI state is only use to indicate UE the Rx beam, the real transmit beams of these PRS resources are up to gNB, and can still be different even the same TCI state is configured.
Proposal 1: Support only option 1, i.e. the DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell. 
· SSB and periodic CSI-RS can be the QCL source.
UL Beam Management aspects
For UL beam management aspects related positioning, three options are listed in the following agreement [1] 
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
These three options are very similar with those for DL. We suggest the similar proposal for UL
Proposal 2: Support option 1, i.e. Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS
· SSB and periodic CSI-RS can be the source of spatial relation.
Measurement/reporting for DL PRS
In RAN1#96bis meeting, the following agreement was achieved for 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.
The simulation results of the TR [2] has already proved the tight relationship between the bandwidth and positioning accuracy, even with the full bandwidth, the commercial requirement could only be achieved under perfect synchronization situation by most companies’ simulation. So a basic respect to our target requirement is that if the UE supports larger bandwidth, we do not restrict its desire to pursue better performance as long as the UE supports it. BWP is not something that designed to limit UE’s ability, it is supposed to match the UE’s requirement and positioning is of course a service that would require wider bandwidth, the gNB can reconfigure BWP to fulfill UE’s positioning accuracy requirement. So we can see no reason to be bothered with UE’s BWP configuration before LCS need.
Measurement has been supported since LTE and was discussed in Rel 15 NR positioning to support inter-frequency RSRD measurement, so that RDOA positioning can still work when neighbour TRPs are not all at the same frequency, which is very common when PRS-only TP is involved. That is to say even in order to support PRS-only TP as supplementary, RSTD measurements beyond BWP configuration is necessary.
Proposal 3: If the measurement is made during a configured measurement gap, the UE can measure outside the DL BWP configuration.

SRS Power control 
Several options were listed in the agreement of last RAN1 meeting:
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 always analyzed in our companion paper [3], the option 1 can only cause either power waste with interference to neighbour cells or poor TOA measurements accuracy because a constant power could not be suitable for both near cells and remote neighbour cells at the same time. For option 2, the situation is similar as option 1, existing power control procedure can provide reasonable power adjustment for serving cell, but not for neighbour cells. For UL TDOA positioning, different Tx beams from UE aim at different transmission measurement function points, so they should have different powers, which could supported by option 3.
Proposal 4: 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. 
TA 
TA estimation problem was also discussed during last RAN1 meeting with the following options open:
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.
Also in our companion paper [3] we explains without multi-TA the UL TDOA positioning can not work in FR2, so the option 1 should be precluded. As to option 2, we think it still refer to TA estimation from non-PRS RSTD measurement, which was already discussed and rejected by RAN 4 in previous release. So option 3 is the only feasible choice for us.
Proposal 4: Support 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.
PRS detection
An agreement about PRS detection was also achieved as follows:
Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations
[bookmark: _GoBack]In line with our companion paper [3], we think the starting symbol of PRS resources candidates should be predefined within a time unit of 5ms, and just like SSB detection, this predefined position for PRS resources should be known by the UE, so just with the schedule bit string and an index of the starting point, the UE could know where to detect the PRS.
Proposal 5: Predefined starting symbols of PRS resources candidates should be known by UE.

Conclusion
Based on our study, the following proposals are proposed:
Proposal 1: Support only option 1, i.e. the DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell. 
· SSB and periodic CSI-RS can be the QCL source.
Proposal 2: Support option 1, i.e. Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS
· SSB and periodic CSI-RS can be the source of spatial relation.
Proposal 3: If the measurement is made during a configured measurement gap, the UE can measure outside the DL BWP configuration.
Proposal 4: 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. 

Proposal 5: Predefined starting symbols of PRS resources candidates should be known by UE.
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