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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#96b, the following categorization of potential physical layer procedures were agreed [3].
	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 are going to discuss the physical layer procedure for NR positioning.
UE procedure for receiving DL PRS
DL PRS timing
To derive the DL PRS timing, there are multiple alternatives:
· Alt. 1 (LTE baseline) Using expected RSTD/RSTD uncertainty for intra-frequency measurement, and with additional subframe offset for inter-frequency measurement
· Alt. 2 Using the SFN initialization time and expected propagation delay/delay uncertainty
· Alt. 3 Using QCL indication to another signal from the same cell
Alt.1 Expected RSTD/RSTD uncertainty
In LTE, expectedRSTD and expectedRSTD-Uncertainty were used [2] to indicate the time domain window to locate the PRS. It takes into account the transmit time difference and propagation time difference. The propagation time difference is based on the a-priori estimation of the UE location at the location server.
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[bookmark: _Ref7688697]Figure 1 Alt.1 Expected RSTD/RSTD uncertainty in LTE

Alt.2 SFN initialization time + Expected propagation delay/delay uncertainty
In this alternative, the SFN initialization time of each cell is provided to the UE. UE can derive the PRS transmission timing based on SFN initialization time and PRS configuration. Additional expected delay and expected delay uncertainty can be used to locate the receiving time and form the PRS search window.

Tx of a neighbouring cell
PRS search window
Expected delay
Expected delay uncertainty

Rx of a neighbouring cell
PRS 

SFN initialization time
SFN#0
SFN#0

Alt.3 QCL with another DL RS
PRS can be TypeC QCLed with an SSB or CSI-RS from the neighbouring cell. If the SSB/CSI-RS is already detected, it could help UE to identify the coarse receive timing for PRS, e.g., to at least determining a PRS search window. In addition, Doppler estimation could also help the UE in high speed mobility scenarios to compensate for the Doppler shift when receiving PRS.
Summary
As discussed in our companion paper [4], with the SFN initialization time and the configured PRS period and offset, the UE can determine the PRS transmission time within the neighbouring cell frame structure when receiving the PRS. This information can help identifying the PRS sequence generation and frequency hop if supported.
If the SFN initialization time is already available at the UE (transmission time difference already known), using the propagation time (Alt.2) has the advantage of overhead reduction over the traditional expectedRSTD (Alt.1). For example, if the maximum distance between UE and a neighbouring cell is 10km, the propagation delay is 33us, which requires fewer bits than the expected RSTD that requires using 14 bits to represent the range of ±750us.
In addition, if the SSB/CSI-RS can be detected for that cell, the UE would anyway reuse the SSB/CSI-RS to determine the PRS search window.
Based on the discussion, we have the following proposal:
Proposal 1: In order to determine PRS receive timing, the following solutions are supported:
· Network to provide SFN initialization and expected propagation delay/delay uncertainty to the UE for a neighbouring cell.
· Network to provide QCL-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
PRS reception with BWP
In RAN1#96b [3], it was 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:
	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. 



In our view, there is no reason to limit the measurement resources in case of measurement gap is configured, otherwise it would be very complicated for RAN4 to work on the requirements. Which RBs are used for PRS reception is up to UE implementation as long as the requirements are met. Therefore, we propose to only support option 2. Meanwhile, for inter-frequency measurement, the gap would anyway be needed, and the same behavior should be specified as inter-frequency with gap.
Proposal 2: NR only supports Option 2 for both intra-frequency and inter-frequency measurement during a measurement gap.
· Option 2: The UE can measure outside the DL BWP configuration
DL PRS Rx beam indication
In RAN1#96b, following agreement regarding PRS beam indication was reached:
	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.



Option 3 was proposed as one way to force the UE to use a fixed Rx beam across different Tx beams for DAoD calculation using RSRP. It can be realized by reusing the design of Option 1, which has been adopted in NR Rel-15 DL beam management P2 procedure. Take Figure 2 for example, the gNB transmits 3 PRS resources in different beams, and the PRS resource #1 is regarded as an anchor PRS to be the QCL source of PRS resource #0 and #2, and has an external QCL source SSB#2, so that UE should use the Rx beam for PRS#1/SSB#2 to receive PRS#0 and #2.
Another way in Option 3 is to provide specific signaling to inform UE that the RSRP report on the PRS shall be based on the same Rx beam, and each PRS resource may be QCLed with its own SSB/CSI-RS. 
In our view, QCL-D information does not explicitly force UE to use the same Rx beam; it is more like the assistance information when UE decides the Rx beam to receive the target RS based on measurement from the source RS. Meanwhile, with Option 3, the PRS configuration/reporting itself may be an implicit indication. For example, UE behavior of receiving PRS can be inferred based on either or both of following two indications, if the assistance data or location information for DAoD is specified in RAN2.
· PRS configuration in DAoD-ProvideAssistanceData, or
· Measurement reporting in DAOD-ProvideLocationInformation
It is worth noting that it does not preclude OTDOA and DAoD to share the same PRS resources.
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[bookmark: _Ref6836727]Figure 2 Illustration of Tx beam and Rx beam
Proposal 3: All three options identified for beam reporting are supported:
·  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. 

2-port PRS
The motivation of introducing 2-port PRS is discussed in our companion paper [4]. To facilitate LOS determination, if the UE is configured to receive the PRS with 2 antenna ports, the UE can assume that each of the 2 ports corresponds a respective polarization of the same antenna array(s).
Proposal 4:  For a 2-port PRS resource, UE can assume that the two ports are mapped to two polarizations belonging to the same antenna array.
UE procedure for transmitting SRS
[bookmark: _Ref7451418]SRS beam management
In NR, the UE may need to use a directional spatial domain transmission filter to beamform the SRS or UL channel towards the intended destination. To facilitate a correct NR SRS transmit beamforming in FR2, a reference signal for SRS spatial domain transmission filter is introduced in NR specifications [5], [6]. In particular, the higher layer parameter spatialRelationInfo is introduced in the configuration of each SRS Resource that contains the ID of a reference SSB, or the ID of a reference CSI-RS, or the ID of a reference SRS along with the ID of its corresponding UL BWP. If the UE is configured with the spatialRelationInfo containing the ID of a reference SSB, the UE transmits the target SRS Resource with the same spatial domain transmission filter used for the reception of the reference SSB. If the higher layer parameter spatialRelationInfo contains the ID of a reference CSI-RS, the UE transmits the target SRS Resource with the same spatial domain transmission filter used for the reception of the reference CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference SRS, the UE transmits the target SRS Resource with the same spatial domain transmission filter used for the transmission of the reference SRS [5]. Note that since the intended receiver in all Rel. 15 NR SRS usages is a serving cell, the reference SSB or CSI-RS for SRS spatial domain transmission filter is configured and transmitted from a serving cell and, as such, UE requires only the ID of such SSB or CSI-RS to detect it.  However, unlike the Rel. 15 NR SRS usages, SRS for positioning needs to also be received by neighboring cells. How to determine SRS Resource Tx beams for positioning purposes was discussed in RAN1 #96b and the following agreement was reached:
	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



To evaluate the viability of the above options, we discuss two possible scenarios regarding the UE Rx beam alignment towards a DL RS of a target serving or neighboring cell in FR2. In our discussion, a target cell refers to a cell that is tasked to measure SRS for the UL-based positioning purposes.
· Scenario 1: The UE Rx beam is already trained and the beam alignment towards a DL RS of the target serving or neighboring cell is achieved.
The UE Rx beam may have already been trained/aligned with a DL RS of the target serving or neighboring cell; independent of and irrespective to the positioning procedure. Note that, for instance, the UE regularly measures and reports SSBs and/or CSI-RS Resources from both the serving and neighboring cells for the mobility purposes. In particular, the UE can be configured with a set of SSBs and/or CSI-RS Resources from the serving and neighboring cells in MeasObjectNR [6] and provide RSRP/RSRQ measurements on the configured SSBs and/or CSI-RS Resources. As the UE Rx beam alignment in FR2 has already been achieved for an indicated CSI-RS Resource or a SSB in MeasObjectNR, if that CSI-RS Resource or SSB is transmitted from a target cell (a cell that is tasked to measure the positioning SRS), that CSI-RS Resource/SSB can also be configured as a reference DL RS for the spatial domain transmission filter of the positioning SRS Resource. 
Apart from the above scenario, the UE may have been configured to measure DL-PRS Resources for a DL-based positioning procedure and have trained its Rx beam towards indicated DL-PRS Resources. Therefore, if a serving or a neighboring cell that transmits DL-PRS is also a target cell in an UL-based positioning procedure, its DL-PRS Resource can be indicated to the UE as a reference DL RS for the spatial domain transmission filter of the positioning SRS Resource. 

Above discussion leads to the following observation: 
Observation 1: When the UE Rx beam is already trained, it is beneficial to support the configuration of a spatial relation between a reference DL RS from the target serving or neighboring cell and the SRS Resource (Option 1).
· Scenario 2: The UE Rx beam is not trained and is not aligned with a DL RS of the target serving or neighboring cell.
In such a case, there may be two methods to form SRS Resources Tx beams:  
Method 1: A reference DL RS for the spatial domain transmission filter of the positioning SRS Resource is indicated. In such a case, the UE needs to perform Rx beam sweeping to train its Rx beam and then use the best Rx beam as the Positioning SRS Tx beam.    
Method 2: Since the UE Rx beam is not trained, the UE may transmit the SRS using Tx beam sweeping. For instance, multiple SRS Resources within the same SRS Resource set can be transmitted using different Tx beams. 

In our view, Method 1 and Method 2 have some relative advantages and disadvantages in Scenario 2 as follows:

Advantages of using Method 2 to Method 1 in Scenario 2: 

1) Method 2 is simpler as it does not require DL RS measurements using multiple Rx beams.
2) If Method 2 is used, SRS Resources can potentially be transmitted in the directions of all target cells without any additional physical layer procedures at the UE side.

Disadvantages of using Method 2 to Method 1 in Scenario 2: 

1) SRS Tx beam sweeping in all directions is, in general, not required and the energy consumption of SRS Tx beam sweeping in Method 2 is far more than that of the Rx beam sweeping in Method 1.
2) SRS Tx beam sweeping results in an unnecessary overhead and an increased inter-cell interference.
3) The indicated DL RS in Method 1 can also be used for other purposes such as the calculating DL pathloss from the target serving or neighboring cell for the purpose of SRS power control (see Section 3.2) as well as the SRS time advance adjustment (see Section 3.3) to improve the SRS coverage.  If Method 2 is used and a reference DL RS is not configured, it is not guaranteed that the transmitted SRS towards a target neighboring cell has a proper transmit power and/or time advance adjustment. In such case, positioning SRS may not be detectable at the target cell even if it happens to be transmitted in a correct direction. 
Based on the above discussion, we can make the following observation:
Observation 2: When the UE Rx beam is not trained, it is feasible to support configuring a spatial relation between a reference DL RS from a target serving or neighboring cell and the SRS Resource (Option 1) and the UE Tx beam sweeping (Option 2).
Our observations and discussions can be summarized in the following proposal:
Proposal 5: For positioning purposes, with regard to UL Beam management/alignment towards serving and neighboring cells, support both Option 1 and Option 2 in RAN1 #96b agreement:
· Support configuration of a spatial relation between a reference DL RS from the target serving or neighboring cells and the SRS Resource.
· Reference DL RS can be SSB, CSI-RS, or DL-PRS transmitted from the target cell.
· Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources within the same UL SRS Resource set. 

SRS Tx beam-sweeping is already supported in NR Rel. 15 without any specification impact. In line with the Rel. 15 NR approach, to support Rel. 16 NR SRS Tx beam-sweeping for the positioning purposes only the following is required:
1) Configure enough number of SRS Resources per SRS Resource set to facilitate SRS Tx beam-sweeping per SRS Resource set. 
2) Not configure a reference DL RS for spatial relations for any of the SRS Resources in that SRS Resource set. 
As such, to support both Option 1 and Option 2 regarding the SRS beam alignment, we propose the following:
Proposal 6: For UL beam management/alignment for positioning purposes, support the following:
· Configure N SRS Resources per SRS Resource set
· FFS the value of N
· For each SRS Resource, optionally configure a reference DL RS from a serving or neighboring cells for the spatial relations.
· Reference DL RS can be SSB, CSI-RS, or DL-PRS.  
[bookmark: _Ref7445178]SRS power control
As described in [1], the UE obtains a downlink pathloss estimate and uses it to calculate the NR SRS transmission power. The UE estimates the downlink pathloss from a RRC configured SRS Resource set-specific parameter pathlossReferenceRS that contains either the ID of a pathloss reference SSB or the ID of a pathloss reference CSI-RS [6]. Similar to the discussion in Section 3.1, as the intended receiver in all Rel. 15 NR SRS usages is a serving gNB, the pathloss reference SSB or pathloss reference CSI-RS is configured and transmitted from the serving cell and, therefore, the UE requires only the ID of such SSB or CSI-RS to detect it. However, in Rel.16 NR SRS for positioning, the positioning SRS Resource may need to be measured at a neighboring cell. This prompts the discussion to whether or not it is required to modify the current Rel. 15 NR SRS power control mechanism in Rel. 16 NR SRS for positioning purposes.  In RAN1 #96b, the following agreement was reached regarding SRS power control for positioning purposes:
	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).




In what follows, we provide our views regarding each of the above three options:
Option 1: In this option, no power control is used and the SRS for positioning is transmitted with a constant power. Although simple, this option is clearly suboptimal as it disregards potentially vastly different pathlosses from the UE to the receiving serving and neighboring cells. In our view and based on our understanding of the intention of the proponents of this option, Option 1 may only be justifiable when the constant transmit power is equal to the maximum allowed UE transmit power. However, such a solution results in both UE power overconsumption and an elevated UL inter-cell interference.
Option 2: As the serving cell is likely to be closer to the UE than the neighboring cells, the Rel. 15 SRS power control mechanism may not be useful for the transmission of Rel. 16 NR SRS for positioning purposes.  In particular, if the Rel. 15 DL pathloss estimate from the serving cell is used to transmit a positioning SRS Resource that is meant to be measured at a neighboring cell, the SRS received power may be too small to be detectable at the intended neighboring cell. 
Option 3: This option modifies the existing Rel. 15 NR power control equation that exclusively caters to the scenario that the SRS measuring node is a serving cell. Rel. 15 NR SRS power control procedure is described in [1]. The power control equation is also brought in Table 1 as a reference:

[bookmark: _Ref7455480]Table 1: SRS power control equation from [1].
	







 is a downlink pathloss estimate in dB calculated by the UE using RS resource index  as described in Subclause 7.1.1 for the active DL BWP of serving cell  and SRS resource set  [6, TS 38.214]. The RS resource index  is provided by pathlossReferenceRS associated with the SRS resource set  and is either a ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index.




In our view, the following modifications of the power control equation formula need to be considered:
1) 
Configuration of a DL RS from both the serving cell (currently supported in Rel. 15) and the target neighboring cells in pathlossReferenceRS to enable the UE to calculate a correct pathloss . The pathlossReferenceRS may be a SSB, CSI-RS, or a DL-PRS of the target serving or neighboring cell.
2) Possible modification in SRS power control adjustment state  . In Rel. 15 NR,  is either equal to the current PUSCH power control adjustment state or is calculated from the TPC command values in DCI 2_3 if the UE is not configured for PUSCH transmissions on an active UL or a separate power control adjustment state between SRS transmissions and PUSCH transmissions is indicated. 
In our view, if the positioning SRS is meant to be received at a neighboring cell, SRS power control adjustment state should not follow the current PUSCH power control adjustment state as the PUSCH transmit power is adjusted to be received at the serving cell. In such a scenario,  may either be adjusted using a DCI command (closed loop power control in Option 3) or simply be equated to zero (open loop power control in Option 3). 

Simulations have been conducted to compare and quantify the performances of Options 1-3 for both UL-TDOA and UAoA positioning solutions in InH (Scenario 1 [7]) in FR2. Details of the simulation parameters are given in Appendix. For each positioning solution, Options 1-3 are examined as follow:
Option 1: All SRS Resources are transmitted with the maximum power of 23 dBm.
Option 2: The pathloss to the serving cell is calculated and is used in the power control equation in Table 1 to transmit SRS towards the serving and neighboring cells.
Option 3: The pathloss to each target serving or neighboring cell is calculated and is used in the power control equation in Table 1 to transmit SRS towards the same target cell.
For the sake of fairness and simplicity, the power control is open loop in both Option 2 and Option 3 and  is equated to zero. 
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[bookmark: _Ref3819323][bookmark: _Ref3819317]Figure 3: CDF of the positioning error for UL-TDOA (left) and UAoA (right) solutions for Option 1 with the maximum allowed transmit power of 23 dBm, Option 2, and Option 3. 
As can be observed from Figure 3, Option 3 shows no performance degradation in comparison with Option 1 that enjoys the maximum allowed transmit power. Moreover, both Option 1 and Option 3 perform better than the Option 2 at every error percentile.  
While Option 1 and Option 3 have similar positioning accuracy performances, considerable reduction in the overall SRS transmit power level can be achieved using Option 3. Figure 4 shows the CDF of the transmit power when Option 3 is used for all SRS Resources (green curve) and the SRS Resources targeting the neighboring cells (red curve). As can be observed, 60% of all SRS Resources are transmitted with less than the maximum power of 23 dBm and more than 35% of all SRS Resources have more than 3 dB transmit power back off.  Among the SRS Resources that are transmitted to the neighboring cells, around 54% are transmitted with some power back off and around 17% are transmitted with a back off more than 3dB. 
[image: ]
[bookmark: _Ref7688719][bookmark: _Ref7688638]Figure 4: CDF of the transmission power for all SRS Resources (green) and the SRS Resources that are transmitted to the neighboring cells (red) in Option 3. 

Considering the above discussion and observations, we propose the following. 
Proposal 7: For positioning purposes, with regards to the UL SRS transmission power, support Option 3 in RAN1 #96b agreement (The UL SRS Tx power is determined by modifying the existing power control procedure) by configuring a DL reference signal of a serving or a neighboring cell to be used for SRS path loss estimation. 
· The configured DL RS can be a CSI-RS Resource, SSB, or a DL-PRS Resource.
· Further study to support either or both open loop and closed loop SRS power control mechanisms when the pathloss Resource is transmitted from a neighboring cell.  

Note that, in principle, the same SSB, CSI-RS, or DL-PRS Resource configured for the SRS spatial domain transmission filter (see Section 3.1) can also be used as the SRS pathloss reference signal. 

[bookmark: _Ref7445209]SRS transmission timing and timing adjustments
For NR positioning, when a neighbouring cell has to receive SRS, RAN1 has to decide whether the configuration and transmission of SRS can be based on the frame timing of the neighbouring cell.
In our view, SRS timing should only be based on the timing of the serving cell due to the following considerations:
· Very small specification impact
· Low UE complexity since UE does not have to synchronize to a neighbouring cell
· No case observed where the UE may need to transmit the SRS outside any of its UL carriers (no inter-frequency transmission of SRS)
· No case observed where the UE may transmit the  SRS in RRC_IDLE/RRC_INACTIVE state when the UE does not have any serving cell
· In the TDD band, neighbouring cells are assumed synchronized (within 3us) to one serving cell on a frequency layer
Although cells may not necessarily be synchronized for some FDD deployments, a neighbouring cell can convert the SRS timing based on the timing information of the serving cell. 
Proposal 8: Positioning SRS transmission timing is based on the serving cell timing.
In RAN1#96b, regarding SRS timing adjustment, the following options were identified:
	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 Option 2, the TA adjustment (ATA) can be determined by the UE based on DL reception of the signals from serving cell and the neighbouring cell. As Figure 5 shows, two cells have a relative stable transmission time difference denoted by  and the UE measures the receive time difference between the two cells denoted by . The ATA for SRS targeting the neighbouring cell can be derived as , since we have the following equation
,
where  is the propagation time between the UE and the serving cell, and  is that between the UE and the neighbouring cell. Note that the total TA towards the neighbouring cell is equal to the TA for the serving cell plus ATA. 
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[bookmark: _Ref3975238]Figure 5 Additional TA based on receiving DL RS from the serving and neighboring cells.

Note that the additional TA is only to ensure that the received UL SRS at the neighbouring cell is within the CP time of the intended UL symbol and, hence, its required accuracy is quite relaxed. As such, the received time at the neighbouring cell can be measured from a narrow-band DL RS such as a SSB of the neighbouring cell or a configured DL RS from the neighbouring cell that is used for pathloss or the SRS spatial domain transmission filter determination.
In our view, introducing TA adjustment can reduce the interference toward a neighbouring cell and thus improve the hearability of SRS. For UL-AoA, the transmission timing is not required to be reported. Therefore, we propose 
Proposal 9: Support Option 2 for TA adjustment: 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.
gNB procedures to support NR positioning measurements
Reference time of the measuring cell 
In LTE UTDOA, the serving eNB configures the SRS for the UE and provides the E-SMLC with the SRS configuration. The E-SMLC sends the SRS configuration to LMUs that are the UL RTOA measurement entities. To provide a unified time reference to LMUs, the serving eNB further sends its SFN initialization time with respect to an absolute time reference to E-SMLC (see Table 2 from [8]). The E-SMLC then provides LMUs with an UL RTOA reference time that is defined with respect to the SFN initialization time of the serving eNB (see Table 3 from [9]). The UL RTOA reference time along with a configured measurement window makes it possible for LMU to locate the transmitted SRS in time domain and measure the UL RTOA and report it back to E-SMLC. 
[bookmark: _Ref7539560]Table 2: SFN Initialization Time as a part of UL configuration sent from eNB to E-SMLC in LTE UL-based positioning [8].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.



[bookmark: _Ref7540277]Table 3: UL RTOA Reference Time as a part of UL RTOA Measurement Configuration to convey the UL RTOA measurement parameters from E-SMLC to the LMU in LTE UL-based positioning [9].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL RTOA Reference Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January  1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second. This IE is defined in reference to the SFN initialization time, TS 36.455 [4].



Note that for LTE positioning, the UL RTOA reference time that is provided to LMUs is different from the SFN initialization time and the LMUs are unaware of the SFN initialization time of the serving eNB.
Similar to LTE positioning, an accurate UL RTOA reference time needs to be available at the neighboring cells that are tasked to measure SRS.  In our view, the LMF should directly send the SFN initialization time of the serving cell to these neighboring cells:
1) The UL RTOA reference time can be locally derived at the neighboring cells using the SFN initialization time of the serving cell and the SRS periodicity and offset available in the SRS configuration. 
2) In the case of timing misalignment between the serving and neighboring cells, the SFN initialization time of the serving cell along with the SRS periodicity and offset in the SRS configuration available at the neighboring cells can be used to obtain the following quantities that are necessary to detect the SRS:
a. The exact timing of the SRS slot.
b. The sequence group number u and the sequence number within a group v when the higher layer parameter groupOrSequenceHopping is equal to groupHopping or sequenceHopping. 
Note that u and v should be known to obtain the SRS sequence root. When groupOrSequenceHopping is equal to  groupHopping, u depends on the SRS symbol index within the radio frame and when groupOrSequenceHopping is equal to sequenceHopping, v depends on the SRS symbol index within the radio frame. SRS symbol index within the radio frame can be derived from the SFN initialization time of the serving cell, SRS subcarrier spacing, as well as the SRS periodicity and offset that are given in the SRS configuration. 
c. SRS frequency hopping pattern when frequency hopping is enabled. 
Note that SRS frequency hopping pattern depends on the number of slots that carry SRS after the SFN initialization time.
Based on the above discussion, we propose the following:
Proposal 10: SFN initialization time of the serving cell is provided to the neighboring cells as a reference time for SRS detection and UL-RTOA measurement. 

Conclusion
In this contribution, we discussed the mapping between positioning techniques and the corresponding physical layer procedure at UE and gNB to support NR positioning. Based on the discussion, we have the following proposals and observations:
Observation 1: When the UE Rx beam is already trained, it is beneficial to support the configuration of a spatial relation between a reference DL RS from the target serving or neighboring cell and the SRS Resource (Option 1).
Observation 2: When the UE Rx beam is not trained, it is feasible to support configuring a spatial relation between a reference DL RS from a target serving or neighboring cell and the SRS Resource (Option 1) and the UE Tx beam sweeping (Option 2).

Proposal 1: In order to determine PRS receive timing, the following solutions are supported:
· Network to provide SFN initialization and expected propagation delay/delay uncertainty to the UE for a neighbouring cell.
· Network to provide QCL-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
Proposal 2: NR only supports Option 2 for both intra-frequency and inter-frequency measurement during a measurement gap.
· Option 2: The UE can measure outside the DL BWP configuration
Proposal 3: All three options identified for beam reporting are supported:
·  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. 
Proposal 4:  For a 2-port PRS resource, UE can assume that the two ports are mapped to two polarizations belonging to the same antenna array.
Proposal 5: For positioning purposes, with regard to UL Beam management/alignment towards serving and neighboring cells, support both Option 1 and Option 2 in RAN1 #96b agreement:
· Support configuration of a spatial relation between a reference DL RS from the target serving or neighboring cells and the SRS Resource.
· Reference DL RS can be SSB, CSI-RS, or DL-PRS transmitted from the target cell.
· Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources within the same UL SRS Resource set. 
Proposal 6: For UL beam management/alignment for positioning purposes, support the following:
· Configure N SRS Resources per SRS Resource set
· FFS the value of N
· For each SRS Resource, optionally configure a reference DL RS from a serving or neighboring cells for the spatial relations.
· Reference DL RS can be SSB, CSI-RS, or DL-PRS.  
Proposal 7: For positioning purposes, with regards to the UL SRS transmission power, support Option 3 in RAN1 #96b agreement (The UL SRS Tx power is determined by modifying the existing power control procedure) by configuring a DL reference signal of a serving or a neighboring cell to be used for SRS path loss estimation. 
· The configured DL RS can be a CSI-RS Resource, SSB, or a DL-PRS Resource.
· Further study to support either or both open loop and closed loop SRS power control mechanisms when the pathloss Resource is transmitted from a neighboring cell.  
Proposal 8: Positioning SRS transmission timing is based on the serving cell timing.
Proposal 9: Support Option 2 for TA adjustment: 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.
Proposal 10: SFN initialization time of the serving cell is provided to the neighboring cells as a reference time for SRS detection and UL-RTOA measurement. 
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Appendix
	Parameter
	value

	Channel model (baseline, otherwise state any modifications)
	38.901

	Carrier frequency 
	30GHz

	Subcarrier spacing
	120kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4

	Reference signal (type of sequence, number of ports, …) 
	SRS: ZC, 1-port

	Number of sites
	12

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation…)
	Regular

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UAoA-ML estimation
UTDOA-Tylor expansion

	Network synchronization assumptions
	Sync error 0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	BPL with Largest RSRP

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	DFT codebook

	P0
	65 dBm

	Α
	0.7
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