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1 [bookmark: _Ref408846065]Introduction
In RAN1#97, it has been agreed that physical layer procedures to support UE/gNB measurements for NR positioning may include:
	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.

Agreement:
· For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· 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.
Agreement:
· For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.

Agreement:
· For positioning purposes, for UL Beam management/alignment towards serving and neighbouring 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 neighbouring 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 behaviour)



[bookmark: _Toc528341257]In this contribution, we discuss the physical layer procedure for efficient resource allocation of UL reference signals, especially, when applying UL-TDOA to support positioning of multiple UEs.
2 UL Procedure: Power Control
	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).




The first option of using constant transmit power for SRS improves the reception of SRS signal at TRP further away but could cause performance problems at the serving gNB if the UE is very close to the serving gNB. Nevertheless, the gNB could take into account the lowest pathloss possible to the serving gNB in the deployment scenario and use this information to compute the constant transmit power the UE uses for transmitting the SRS for positioning purposes. This computation should take into account the dynamic range of the ADC at the TRP. An important point to note is that the entire slot is used for positioning signals, and the last OFDM symbol is not scheduled.
Observation 1: The use of constant transmit power increases the number of LMUs where the SRS can be received, but potentially saturates the serving gNB if the UE is too close.
Proposal 1: Support option 1 where the transmit power is derived by means of network coordination based on information exchange between NG-RAN nodes. The exchanged information includes among others the position of TRPs and antenna gains. 
The second option of using the Rel. 15 mechanism for power control on SRS symbols is less suitable for positioning purposes. This is because if a UE is close to its serving gNB, it will be down-powered and the signal may not be received at required level at TRPs enough to support UL-TDOA.  
[bookmark: _GoBack]For the third option of modifying the existing power control behavior can be approached based on the measurement of a DL reference signal of a neighboring cell or an UL measurement based (transmitted from the target UE) especially for the case where the RP doesn’t have transmit capabilities. 
Particularly for the cases where the transmit capabilities at TRP is absent (such as in LMU) or SSBs from neighboring cells are not detectable, downlink reference signal measurement cannot be carried out. A possibility is to use the SRS-RSRP as a signal for power control of positioning signals.
Proposal 2: The UL SRS Tx power is determined by modifying the existing power control procedure:
· Support configuring a DL reference signal (CSI-RS, or a SSB, or DL PRS) of a neighboring cell to be used for SRS path loss estimation
· Support configuring SRS-RSRP as a measurement signal for the purpose of power control
· FFS on specification impacts.
3 UL Procedure: Timing
	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.



The existing mechanism of keeping the TA based on serving cell is necessary to avoid misalignment and severe interference at the serving cell. 
Assuming that the serving gNB has the smallest TA, setting the TA based on neighboring gNB makes it easier for cyclic prefix to be violated and causes the SRS signal to bleed into the preceding symbol in its serving gNB. This creates worst interference scenario for the serving gNB due to misalignment, especially when fixed transmit power is used for the positioning use case of SRS. 
Observation 2: TA not based on serving gNB causes degradation on the network. 
Proposal 3: Support Option 1- TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case. 
4 UL PRS Configuration Aspects
The received signal at the location measurement unit (LMU) may vary significantly when the UEs from geographically diverse areas transmit at the same time. The signal of the users can be separated from one another by achieving the orthogonality between users in time, frequency and code domain. A near-far problem arises when users are multiplexed in the code-domain. Consequently, the signals from users further away from the LMU cannot be separated from those originating from the users closer to the LMU. To address this issue, we proposed a group management technique in our earlier contribution. The results showing the benefits of user grouping on SIR statistics is shown in appendix. 
Unlike in LTE, SRS configuration offers a high degree of flexibility to assign resources. Hence, it is important, first of all, to clarify which entity schedules the positioning resources. It should be noted that a single gNB does not have enough information on scheduling of resources in the neighboring cells and the resulting near-far problem arising from such scheduling. Thereafter, the measurements and procedures required by the entity scheduling the UL positioning resources need to be clarified. In particular, we note that within the CLI and NR Handing for NR, measurements of SRS-RSRP for cross link interference (CLI) are enabled by exchanging configuration of SRS transmission for UE-UE CLI measurement within the Rel. 16. Similarly, UL positioning needs to define the measurements and the required network coordination mechanism to exchange these measurements. 
The function configuring the UL resource allocation is still not clarified. The UTDOA procedure in LTE leaves it to the serving eNodeB to allocate the resources for the uplink SRSs TS36.305. This could cause higher interference at the neighboring gNBs and degrade the quality of signal received at the neighboring gNBs. In addition, the UEs closer towards the serving gNB transmit with lower transmit power compared to the cell-edge users. This causes the transmission from the UEs closer to serving gNB difficult to be received with good quality at the neighboring gNB. 
Observation 3: Depending on the entity configuring the SRS resources, scheduling user groups might require network coordination and is hence not explicitly an implementation issue.
Proposal 4:  From RAN1 perspective, support network coordination for scheduling of SRS positioning resources. 
5 Conclusions
Observation 1: The use of constant transmit power increases the number of LMUs where the SRS can be received, but potentially saturates the serving gNB if the UE is too close.
Observation 2: TA not based on serving gNB causes degradation on the network. 
Observation 3: Depending on the entity configuring the SRS resources, scheduling user groups might require network coordination and is hence not explicitly an implementation issue.
Proposal 1: Support option 1 where the transmit power is derived by means of network coordination based on information exchange between NG-RAN nodes. The exchanged information includes among others the position of TRPs and antenna gains. 
Proposal 2: The UL SRS Tx power is determined by modifying the existing power control procedure:
· Support configuring a DL reference signal (CSI-RS, or a SSB, or DL PRS) of a neighboring cell to be used for SRS path loss estimation
· Support configuring SRS-RSRP as a measurement signal for the purpose of power control
· FFS on specification impacts.
Proposal 3: Support Option 1- TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case. 
Proposal 4:  From RAN1 perspective, support network coordination for scheduling of SRS positioning resources. 
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Annex
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[bookmark: _Ref4434485]Figure 1: Illustration of user grouping – users are grouped together based on their mutual proximity.
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(a)
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(b)


[bookmark: _Ref4433200][bookmark: _Ref4433189]Figure 2: Formation of user groups: (a) based on their proximity to one another, (b) without user group management
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[bookmark: _Ref4433638]Figure 3: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma LOS scenario [3].   
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[bookmark: _Ref4433641]Figure 4: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma NLOS scenario [3].  
The results show that the variation in SIR statistics is much lower when group management is carried out, thereby allowing the users to be separated along the code-domain.
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