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As agreed at RAN1#96bis, 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
An additional item 2d is included in this summary:
2.	UE procedures for transmitting UL PRS, including
d.	Bandwidth part operation

In the following sections we summarize the proposals made in [1] – [18] and sort them according to the above categories.

NOTE: In this summary, the term "UL-PRS" is used synonymously with "SRS for positioning purposes".
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1. 	UE procedures for receiving DL PRS
1a. 	DL PRS timing aspects
Submitted Proposals:
	Category
	Proposal
	Company

	Expected RSTD/TOA; search window
	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-TypeA/QCL-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
	Huawei [1]

	
	DL PRS can be configured with a QCL relation of ‘QCL- type C’ with SSB.
	vivo [3]

	
	For the timing of DL PRS transmission: expected RSTD value and expected RSTD uncertainty are provided for each PRS resource set of neighbor cell.
	OPPO [6]

	
	For positioning purposes, to assist UE to acquire the PRS TOA, the DL PRS QCL types A,B and C relation to DL Reference Signals from a serving or neighboring cell can be reported to the UE in the PRS configuration.
The reference signals QCL status to be reported can be at least SSB, CSI-RS
FFS other reference signals       .
	Ericsson [17]

	
	With regards to QCL relations beyond Type-D of a DL PRS resource, 
· support the following options from a serving or neighbouring TRP:
· From an SSB
· 'QCL-TypeC': {Doppler shift, average delay} 
· From a DL PRS resource
· 'QCL-TypeC': {Doppler shift, average delay} 
· 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
· Note: If the reference resource is 1 symbol, then doppler parameters may not be inferred from the source RS
The UE shall expect expectedRSTD and expectedRSTD-uncertainty assistance data to be provided (i.e., mandatory fields, similar to LTE) even when a QCL Type-C/A source is configured.
	Qualcomm [14]

	gNB synchronization
	When a UE is configured to measure DL PRS for supporting DL TDOA positioning, the UE can assume the timing of the neighbouring cells and the timing of the serving cell are synchronized.

When a UE is configured to measure DL PRS for supporting NR RTT positioning, the UE can assume the timing offset between the neighbouring cell and the timing of the serving cell is within 3 μs, if both cells are TDD cells and within half-frame if any of the cells is not TDD cell.
	CATT [9]



Offline Consensus 1:
For providing an indication of when the DL PRSs are expected to arrive in time at the UE, at least one of the following Options is supported: 
· Option 1:  Provide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
· Option 2: Provide a TRP transmission time difference (e.g., time offset between SFN#0, subframe offset, slot-, symbol-, sub-symbol-,  ns-offset, etc.) and expected propagation delay difference together with uncertainty (search window) to the UE for the TRPs in the assistance data. 
· A search window may be needed for both, TRP transmission time difference and propagation time difference.
· Sub-SFN granularity (e.g, subframe offset, slot-, symbol-, sub-symbol-, ns-offset) may be obtained from the DL-PRS configuration information once time offset between SFN#0 is provided to the UE.

Offline Consensus 2:
With regards to QCL relations beyond Type-D of a DL PRS resource, support one or more of the following options: 
· Option 1:  QCL-TypeC from an SSB from a TRP.
· Option 2:  QCL-TypeC from a DL PRS resource from a TRP.
· Option 3:  QCL-TypeA from a DL PRS resource from TRP.
· Option 4:  QCL-TypeC from a CSI-RS resource from a TRP.
· FFS: Which CSI-RS resource type can be used? (e.g., CSI-RS for CSI, CSI-RS for BM, CSI-RS for TRS, CSI-RS for RLM, CSI-RS for RRM).
· Option 5:  QCL-TypeA from a CSI-RS resource from a TRP.
· FFS: Which CSI-RS resource type can be used? (e.g., CSI-RS for CSI, CSI-RS for BM, CSI-RS for TRS, CSI-RS for RLM, CSI-RS for RRM).
· Option 6: No QCL relation beyond Type-D is supported.

NOTE:	QCL-TypeA:	Doppler shift, Doppler spread, average delay, delay spread
QCL-TypeB:	Doppler shift, Doppler spread'
QCL-TypeC:	Average delay, Doppler shift
QCL-TypeD:	Spatial Rx parameter

1b.	Bandwidth part operation
Agreements from RAN1#96bis:

	The DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE

	For intra-frequency measurements:
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.

	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. 



Agreements from RAN1#97:

	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.



Submitted Proposals:
	Category
	Proposal
	Company

	PRS UE measures within a BWP
	When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . 
If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. 
If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise .
	vivo [3]

	Intra-frequency PRS measurement without gaps
	For measuring wider PRS transmission bandwidth than active DL BWP, consider the mechanism to facilitate PRS based intra-frequency measurement without gaps by incorporating a short transition time for bandwidth adaption without center frequency change
	MediaTek [7]

	Processing of other DL channels
	UE is not expected to process other DL channels / signals when measurement gap for DL PRS processing is configured
Send LS to RAN4 to discuss scheduling availability when DL PRS Resources are processed in active BWP
	Intel [10]

	
	Support NR positioning bandwidth part, in which it may contain multiple DL PRS resource set with the same numerology.
	Sony [12]




1c.	Beam management aspects
Agreements from RAN1#96bis:

	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.



Agreements from RAN1#97:

	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.



Company views on Options 1-3:
	Company
	Option 1
	Option 2
	Option 3

	Huawei [1]
	Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS.
FFS: Details of configuration.
	 
	Support PRS-RSRP measured using the same Rx branch for PRS if 
•	PRS configuration is provided in DAoD-ProvideAssistanceData, or
•	Measurement reporting is provided in DAoD-ProvideLocationInformation.
•	FFS which Rx beam to select.

	Mitsubishi [2]
	The DL PRS can be configured to be QCLed Type D with at least CSI-RS and DL-PRS from a serving or neighboring cell
	
	

	vivo [3]
	The DL PRS can be configured to be QCLed Type D with a DL reference signal from a serving or neighbouring cell.
•	SSB or CSI-RS or DL PRS is the DL reference signal.
	
	

	OPPO [6]
	· A SSB or DL PRS can be configured as QCL-TypeD source for a DL PRS resource in a neighbor cell; 
· A SSB or CSI-RS or DL PRS resource can be configured as QCL-TypeD source for a DL PRS resource in the serving cell.
	Parameter ‘repetition’ with value On/Off is configured to a DL PRS resource set.
	Configure a same RS index as QCL-type D source for different DL PRS resources in the same set.

	MediaTek [7]
	Modify option 1 as “The DL PRS can be configured to be QCLed Type C and Type D with a DL Reference Signal from a serving or neighboring cell”
	
	To address the behaviour of “use the same RX beam to receive multiple TX beams for RSRP measurement”, the following wordings are proposed: “For DL-AoD measurement, the UE shall not assume that the PRS resources for measurement are transmitted with the same downlink spatial domain transmission filter. The UE may also assume that the PRS resources for measurement are quasi co-located with 'QCL-TypeD' for each other”

	CATT [9]
	DL PRS resource can be configured with the associated SSB and the QCL relationship between them. But, the benefit of configuring a DL PRS to be QCLed with a CSI-RS and/or another DL PRS is unclear.
	The design of the DL PRS should support the repetition of the DL PRS transmission with the same downlink spatial domain transmission filter. It will be up to UE’s implementation on whether and when to use the beam sweeping for the reception of the DL PRS. There is no need to force the UE to do one way or the other in the specs.
	It should be up to UE on whether to use the fixed or non-fixed beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. There is no need to force the UE to do one way or the other in the specs.

	Intel [10]
	DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with each other using QCL Type-A, if applicable.
DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for tracking (TRS) using QCL Type-A and/or QCL Type-D, if applicable.
DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for beam management (BM) using QCL Type-D, if applicable.
DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with SSB (SSB index) using QCL Type-C and/or QCL Type-D, if applicable
	DL PRS Resource Set configuration defines “Repetition” field to control whether the same downlink spatial domain transmission filter is used across all DL PRS Resources of DL PRS Resource Set.

If “Repetition” is On, UE is expected to perform RX beam sweeping over DL PRS Resources that belong to DL PRS Resource Set.

When “Repetition” is Off, UE is expected to perform RX beam sweeping across different DL PRS occasions.

UE is expected to keep track of RX beams used for DL Processing at different DL PRS occasions.
	UE RX beam-sweeping procedures during DL PRS reception are left up to UE implementation;
i.e. procedures whether and how to select UE RX beam for DL PRS reception are not specified.

RAN1 assumes that for each DL PRS Resource, a UE may select different RX beam and establish association between DL PRS Resources and UE RX beams;
i.e. association of DL PRS Resources with UE RX beams is up to UE implementation including the case when single RX beam is associated with multiple DL PRS Resources.

	LG [11]
	Support a PRS resource as a source of QCL type D configuration for another PRS resource.	
	
	

	Sony [12]
	The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving cell (SSB, CSI-RS, DL-PRS) or selected neighboring cell (SSB, DL-PRS).
	
	

	Qualcomm [14]
	With regards to QCL Type-D relation of a DL PRS resource, support QCL Type-D from the following DL reference signals from a serving or neighboring TRP: An SSB, a PRS resource.

	
	For positioning purposes, and as far as RAN1 is concerned, to assist UE to perform Rx beamforming support Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.

	Futurewei [18]
	QCL Type D can be configured with DL Reference Signals consisting of SSB, CSI-RS and DL-PRS from serving or neighboring cell.
	
	



Companies are encouraged to verify the above Table, to ensure correct capture of all companies’ preferences.
Option 1:
Source DL reference signal for QCL Type D:
- 	SSB: 		Supported by 8 companies (Huawei, vivo, OPPO, CATT, Intel, Sony, Qualcomm, Futurewei)
- 	CSI-RS:	Supported by 7 companies (Huawei, Mitsubishi, vivo, OPPO, Intel, Sony, Futurewei)
- 	DL-PRS:	Supported by 8 companies (Huawei, Mitsubishi, vivo, OPPO, LG, Sony, Qualcomm, Futurewei)

Proposal 3:
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 QCLed Type D with a DL Reference Signal from a serving or neighbouring cell. SSB, CSI-RS, or DL-PRS can be the QCL source of DL-PRS.
· Discuss further which CSI-RS resource type can be used; e.g., CSI-RS for CSI, CSI-RS for BM, CSI-RS for TRS, CSI-RS for RLM, CSI-RS for RRM.

Option 2:
Three companies (OPPO, CATT, Intel)  support a "repetition" flag for the DL-PRS resources that indicates whether or not a device can assume that all DL-PRS resources in the resource set are transmitted with the same spatial domain transmission filter.
Proposal 4:
To support UE Rx beam sweeping on DL-PRS resources, the DL-PRS resource set configuration can include a "repetition" flag which indicates whether the DL-PRS resources of a DL-PRS resource set are transmitted using the same spatial domain transmission filter or not.

Option 3:
- 	Three companies suggest that Option 3 can be achieved by Option 1 with a DL-PRS as source RS for QCL Type D (OPPO, MediaTek, Qualcomm). 
- 	Two companies suggest that Option 3 is applicable to DL-AoD only (Huawei, MediaTek).
- 	One company suggests that explicit signalling is used to force a fixed RX beam at the target device (for DL AoD only; e.g. Provide Assistance Data and/or Request Location Information) (Huawei).
- 	Two companies suggest that whether a fixed RX beam is used or not is up to UE implementation (CATT, Intel).

Proposal 5:
To assist UE to perform Rx beamforming, regarding option 3 support one or more of the following alternatives (options 3/1 from previous related agreement in RAN1#97):
· Alt 1: Can be achieved by Option 1 with a DL PRS as source RS for QCL Type D.
· Alt 2: Introduce an explicit signaling to force a fixed Rx beam at the target device.
· Alt 3: No further specification in RAN1 (left to UE implementation).
In either alternative, it us up to RAN4 to discuss any additional specification impacts and/or performance requirements.


1d.	Measurement/reporting related aspects
Submitted Proposals:
	Category
	Proposal
	Company

	Gap Request/BWP Switching Message
	An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
	vivo [3]

	
	Support UE requested BWP switching for PRS reception.
	Nokia [5]

	
	Support positioning measurement gap to allow the UE to perform positioning measurement operation.
	Sony [12]

	Measurement Report
	Following aspects should be supported for UE measurement and report
•	Multiple UE report granularities;
•	Signalling overhead reduction for DL PRS quality report;
•	Configurable UE measurement window for low complexity and low power consumption.
	Samsung [8]

	
	At least for AoD-based positioning, NR positioning should support reporting of a PRS resource index showing the minimum propagation time among multiple PRS resource(s).
If more than two PRS resources show the same minimum propagation time, signal strength can be considered to report a single PRS resource among those selected PRS resources.
	LG [11]

	
	NR needs to support ToA/RSTD measurement and reporting for both SSB and DL PRS.
	LG [11]

	DRX
	For a UE configured with DRX, it needs to consider on whether the UE is required to be activated measuring DL PRS resources for UE positioning when the UE is in DRX ‘OFF’ status.
	CATT [9]







2. 	UE procedures for transmitting UL PRS
2a. 	Transmission timing and timing adjustments
Agreements from RAN1#96bis:

	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.



Company views on Options 1-3 

	Company
	Option 1
	Option 2
	Option 3
	Proposal

	Huawei [1]
	
	
	
	For SRS timing adjustment, support all three options.
•	FFS detailed applicability.
•	FFS Option 1 and Option 2 can be merged.

	vivo [3]
	
	
	
	For UL PRS transmission, no adjustment is needed for 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).

	ZTE [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.

Use PRACH to get multiple TAs estimation of neighbour cells.

	Nokia [5]
	
	
	
	Prefer to study option-3 of TA mechanisms that the configured TA can be adjusted for the purpose of transmitting UL SRS for positioning intended for a neighboring cell.  

Consider defining UL-PRS (SRS) TA control signaling separately from other UL TX signals TA (i.e., PUSCH) in Rel-16.

	OPPO [6]
	
	
	
	For TA on SRS transmission for positioning purpose, support Option 1, i.e., TA configuration based on serving cell. 

	Samsung [8]
	
	
	
	The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
•	Adjustment of measurement window;
•	Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.

	CATT [9]
	
	
	
	For UL positioning, there should be no adjustment is made to the configured TA for UL SRS transmission (Option 1).

	Intel [10]
	
	
	
	Adopt Option 1 as UE timing advance behaviour for UL SRS(PRS) transmission, where the same timing advance value based on serving cell is applied for transmission.

	LG [11]
	
	
	
	Support one or both of the option 2 and option 3 of the above agreement.

	Qualcomm [14]
	
	
	
	For positioning purposes, with regards to the UL SRS transmission timing, support only 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).

	KDDI [15]
	
	
	()
	For UL positioning, the TA is adjusted to only the serving cell (Option 1).

For UL positioning, if the following conditions are satisfied, the configured TA can be adjusted to a neighbouring cell and the adjustment value is provided by the network to the UE (Option 3):
- RAN1 identifies the improvement of gNB measurement accuracy by adopting the configured TA adjusted for the purpose of transmitting UL SRS intended to the neighbouring cell.
- The network can predict that interference does not occur even though the serving gNB receives UL SRS whose TA is adjusted to the neighbouring cell.

	Fraunhofer [16]
	
	
	
	Support Option 1- TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case.

	Ericsson [17]
	
	
	
	TA for SRS is following the serving cell timing.



Companies are encouraged to verify the above Table, to ensure correct capture of all companies’ preferences.
From the submitted contributions:
-	10 companies support Option1
-	2 companies support Option 2.
-	5 companies support Option 3.

One company suggests that TA adjustments to neighbouring cells may be supported if improvements of gNB measurement accuracy can be demonstrated and if it can be shown that the additional interference does not have harmful impacts to the communication system.

Offline Consensus 3:
With regard to the UL PRS transmission timing the TA configuration 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 1 from previous related agreement in RAN1#96bis). 
· Options 2/3 (from previous related agreement in RAN1#96bis) may be further considered if improvements of gNB measurement accuracy can be demonstrated and if it can be shown that the interference to the serving cell can be handled in the system.
· FFS on the application of the TA command at the UE; which may be considered also in RAN4.
· FFS on UE autonomous TA adjustments; which may be considered in RAN4.

Submitted Proposals:
	Category
	Proposal
	Company

	SRS Frame Timing
	Positioning SRS frame timing is based on the serving cell timing.
	Huawei [1]




2b.	Power control
Agreements from RAN1#96bis:

	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).



Agreements from RAN1#97:

	For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behavior:
· 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.



Company views on FFS items:
	Company
	DL Reference Signal
	Fallback procedure if the UE is not able to obtain the pathloss reference
	Number of measurements for pathloss
	Power control modes
(Open loop/Closed loop PC)
	UL PRS Tx power 

	Huawei [1]
	Support configuring SSB and CSI-RS from the serving and  neighbouring cells as a pathlossReferenceRS. Send this agreement in an LS to RAN2.
	If a pathlossReferenceRS is not configured or is configured but not detected, UE uses the following detected SSB from the target cell as the pathlossReferenceRS: 
•	If the target cell is a serving cell, the substitute pathlossReferenceRS is the SSB used to obtain MIB (Rel. 15 behaviour).
•	If the target cell is a neighbouring cell, the substitute pathlossReferenceRS is the SSB with the highest RSRP.
	No independent discussion is required for the maximum number of pathloss measurements for SRS as each SRS resource set is configured with one pathlossReferenceRS.


Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
•	FFS: N
	For positioning purposes, support configuring a binary field to enable/disable the closed loop SRS power control mechanism indicated by PowerControlAdjustmentStates.
•	FFS: Binary indicator is configured in DCI or RRC.

For positioning purposes, when the closed loop SRS power control is enabled and the target cell of SRS is a neighbouring cell, PowerControlAdjustmentStates is set to separateClosedLoop.
	

	vivo [3]
	Support configuring a DL reference signal of a neighbouring cell to be used as DL pathloss reference for the purpose of SRS power control.
•	SSB or CSI-RS or DL PRS is the pathloss reference RS.
•	The transmit power of the pathloss reference RS from neighbouring cell should be indicated to UE such as SSB or PRS transmit power.
	
	Support configuring multiple SRS resource sets with different power control parameters toward different neighbouring cells.	
	Power control adjustment state should be not applied for SRS towards neighbouring cells.
	

	ZTE [4]
	CSI-RS, SSB and DL PRS can be used as path RS for inter-cell power control.
	
	
	
	

	OPPO [6]
	[bookmark: _Hlk16286658]For an SRS resource set for positioning, configure the following uplink power control parameters:
· , and a path loss RS (SSB or CSI-RS) for the serving cell
·  and  for the neighbor cell
· One or more DL RSs of neighbor cell for measuring path loss of neighbor cells.

The DL path loss reference signal of a neighbor cell can be an SSB or a CSI-RS resource.  
	When path loss reference is not available, the Tx power for an SRS transmission for positioning purpose is calculated as min{PCMAX,P1+∆}, where:
	PCMAX is the UE maximum output power
	P1 is the Tx power calculated based on a path loss that is calculated based on one SSB that the UE uses to obtain MIB in the serving cell. ∆ is a preconfigured power offset, examples value can be 3 or 6 dB.
	
	
	For an SRS transmission for positioning, the Tx power is = min{, max{,}}, where  is the Tx power calculated for the serving cell and  is the Tx power calculated for all the neighbor cells by considering the largest measured path loss and   is the UE maximum output power.

	Samsung [8]
	
	A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
	
	[bookmark: _Hlk17350489]In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
•	For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
•	For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power;
•	A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
	

	CATT [9]
	For UL positioning, it should be up to the network to configure whether to use the DL reference signal of the serving cell, or a neighbouring cell, as DL path loss reference.
	For determining the PL of the UL SRS transmission power, if DL RS of the neighbouring cell is configured, UE should try to use the DL RS neighbouring cell for PL determination. If DL RS of the neighbouring cell is not configured or the UE fails to detect DL RS of a neighbouring cell, the UE will follow Rel-15 procedure to DL RS of serving cell for the PL determination.
	For positioning purposes, with regards to the UL SRS transmission power, the UE may be configured with DL RS of the neighbouring cell together with DL reference signal of the serving cell as the pathlossReferenceRS;
	
	

	Intel [10]
	UE is configured whether to use DL PRS or SSB of neighbor cells to derive DL pathloss of neighbor cells. Configuration signaling details are up to RAN2.
	UE is preconfigured with RSRP threshold to trigger report that neighbor cell pathloss is below threshold and fallbacks default behavior (i.e. serving cell pathloss and PC settings). Configuration signaling details are up to RAN2
	
	Do not support UL SRS CL PC for the case when neighbor cell pathloss is configured for OLPC.
	

	LG [11]
	
	Support one of the following options for fallback mode of SRS transmission power control, which is used when the UE cannot obtain path-loss reference for target neighbouring cell(s).
Option 1: The UE does not transmit the SRS resource(s) which is intended to the target neighbour cell(s). The UE informs the network of the circumstance which is impossible to transmit SRS intended to the target neighbouring cell(s)
Option 2: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) with the maximum transmission power.
Option 3: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power intended to the serving cell.
Option 4: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power control intended to neighbouring cells but it is indicated by the serving cell. E.g., power offset(s) can be indicated with respect to SRS transmission power for serving cell.
	
	
	

	Sony [12]
	
	
	The pathloss estimation for the purpose of UL SRS power control is determined based on the selected gNBs.
	
	

	Qualcomm [14]
	For positioning purposes, with regards to the pathloss reference, allow configuration of an SSB or a DL PRS. 

	For positioning purposes, with regards to the UL SRS transmission power, there is no obvious need to define a fallback procedure when a UE is not able to obtain the pathloss reference.
	For positioning purposes, and with regards to the maximum number of simultaneously maintained pathloss references, introduce a separate UE-capability-depedent budget for pathloss references used for SRS resource sets for positioning.

	
	

	Fraunhofer [16]
	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.
	
	
	
	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.

	Ericsson [17]
	
	
	
	
	When the SRS transmission is configured with a neighbor cell RS for PL calculation, the UE maximum transmission power may not exceed a value of P_SRS_offset dB compared to computed power required with the serving cell path loss.
i.	FFS value of P_SRS_offset



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
(1) DL Reference Signal for pathloss reference:
-	SSB:		Supported by 7 companies (Huawei, vivo, ZTE, OPPO, Intel, Fraunhofer, Qualcomm)
-	CSI-RS:	Supported by 5 companies (Huawei, vivo, ZTE, OPPO, Fraunhofer)
-	DL-PRS:	Supported by 5 companies (vivo, ZTE, Intel, Fraunhofer, Qualcomm)

Offline Consensus 4:
With regards to the UL PRS transmission power, support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of UL-PRS power control.  SSB can be used as DL pathloss reference.
· Discuss further if CSI-RS can be used in addition.
· Discuss further if DL-PRS can be used in addition.


(2) Fallback procedure if the UE is not able to obtain the pathloss reference:
Proposal 8:
If the UE is not able to obtain the pathloss reference or no pathloss reference is provided in the UL-PRS configuration, one of the following options is supported:
· Option 1: Use a default DL RS as pathloss reference signal; e.g.
(a)	Use a RS resource obtained from the SSB that the UE uses to obtain MIB as pathloss reference signal (Rel-15 behaviour).
(b)	If the target cell is a serving cell, use a RS resource obtained from the SSB that the UE uses to obtain MIB as pathloss reference signal (Rel-15 behaviour). If the target cell is a neighbouring cell, use the SSB with the highest RSRP as pathloss reference signal.
(c)	UE is preconfigured with a RSRP threshold to trigger a report that the neighbor cell pathloss is below a threshold and falls back to Rel-15 behavior (i.e. (a) above)). 
· Option 2: Use a default UL PRS TX power; e.g.
(a)	Transmit the UL-PRS with maximum UE output power.
(b)	Transmit the UL-PRS with min{PCMAX, Pl+∆}, where PCMAX is the UE maximum output power; Pl is the Tx power calculated based on a path loss that is calculated based on one SSB that the UE uses to obtain MIB in the serving cell; ∆ is a preconfigured power offset.
· Option 3: The UE does not transmit the corresponding UL PRS resource(s) and may in addition inform the NW about this.
· Option 4: No additional UE behavior is specified


(3)	Number of measurements for pathloss:
NOTE: TS 38.213, section 7 specifies the following:
"A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Subclauses 7.1.1, 7.2.1, and 7.3.1."

Proposal 9:
Regarding the number of measurements for pathloss, the following alternatives have been identified:
Alt.1: A UE can be configured with multiple UL-PRS resource sets, each one with a distinct pathloss reference RS and the UE is expected to simultaneosuly maintain all of them. The maximum number of UL-PRS resource sets which can be configured in the UE is N. FFS for the value of N.
Alt. 2: The number of distinct pathloss references that a UE can simultaneously maintain for UL-PRS resource sets, can be smaller than the number of configured UL-PRS resource sets.

(4)	Power control modes:
One company suggests that both open loop and closed loop power control should be supported for UL-PRS transmission towards neighbouring cells. For closed loop power control, a UE can receive TPCs from multiple gNBs. (Samsung)
One company suggests an indicator to enable/disable closed loop power control mechanism for UL-PRS. (Huawei)
Two companies suggest that only open loop power control should be supported for UL-PRS transmission towards neighbouring cells. (vivo, Intel)

Proposal 10:
With regards to the UL PRS power control mode, one of the following alternatives is supported:
· Alt 1: Only open loop power control mechanism is supported.
· Alt 2: Both open loop and closed loop power control mechanisms are supported.
· FFS: Indication, additional specification details.


2c.	Beam management aspects
Agreements from RAN1#96bis:

	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



Agreements from RAN1#97:

	For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options




	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 behavior)



Company views on FFS items:
	Company
	Reference DL RS for spatial relation
	Fixed Beam selection
	Beam sweeping

	Huawei [1]
	In addition to SSB, support configuring CSI-RS and DL-PRS from the serving and the neighbouring cells as a spatialRelationInfo RS. Send this agreement in an LS to RAN2.

If a spatialRelationInfo RS is configured but not detected, UE uses the following as a substitute spatialRelationInfo RS: 
•	If the cell that transmits the spatialRelationInfo RS is a serving cell, the substitute spatialRelationInfo RS is the SSB used to obtain MIB.
•	If the cell that transmits the spatialRelationInfo RS is a neighbouring cell, the substitute spatialRelationInfo RS is the detected SSB from that cell with the highest RSRP.
	
	

	Misubishi [2]
	Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS where a reference DL RS is either CSI-RS or DL-PRS. 
	
	

	vivo [3]
	Support configuration of a spatial relation between a reference DL RS from the serving or neighbouring cells and the target SRS
•	SSB or CSI-RS or DL PRS is the reference DL RS.
	
	For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.

	Nokia [5]
	
	
	Support gNB RX beam sweeping including LMF request of number of SRS repeated transmissions.
Support UE indication of SRS TX Repetition ON with signalling to facilitate RX beam sweeping at gNBs on SRS for positioning.

	OPPO [6]
	Do not support configuring a DL RS from neighbor cell as spatial relation for a positioning SRS resource.
	To support a fixed Tx beam across UL SRS resources, consider the following alternatives:
•	Alt1: configure same spatial relation to those UL SRS resources
•	Alt2: A parameter configured to an SRS resource set to indicate whether a fixed Tx beam is applied to the SRS resources in that set. The fixed beam can be selected by UE or configured by the gNB.
	

	CATT [9]
	For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following are supported, there is no need to support the configuration of a spatial relation between CSI-RS or DL-PRS from serving or neighbouring cells and the target SRS because the effectiveness and benefit are unclear.
	
	

	Intel [10]
	NR Positioning supports configuration of spatial relation of target UL PRS Resource with DL PRS Resource (and/or SSB index agreed at the previous meeting).

NR Positioning supports configuration of spatial relation with multiple DL PRS Resources and/or SSB indexes (i.e. from serving and/or neighbor cells).
When spatial relation with multiple DL PRS Resources and/or SSBs Indexes is configured UE is expected to select the best beam matching to configured spatial relation (e.g. that matches the majority of configured resources)
	UE autonomously selects beam if spatial relation information is not configured for target SRS Resource.

UE is expected to select beam based on spatial relation if spatial relation information is provided for target SRS Resource.
	Repetition On/Off field is added to UL PRS Resource Set configuration

	LG [11]
	Support a PRS resource as a source of spatial relation configuration for a SRS resource.
	
	

	Sony [12]
	
	
	The beam sweeping operation of UL SRS can be determined based on the UE reports on selected downlink measurement information.

	Qualcomm [14]
	The Reference DL RS that can be used include at least SSB, DL-PRS.
	For positioning purposes, and as far as RAN1 is concerned, for UL Beam management/alignment towards serving and neighbouring cells Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.
	

	Futurewei [18]
	QCL configuration supports DL RS consisting of SSB, CSI-RS and/or DL PRS and SRS. In the absence of configuration, UE uses a fixed Tx beam for UL SRS transmission.
	
	



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
(1)	Reference DL RS for spatial relation:
	-	CSI-RS:	Supported by 4 companies (Huawei, Mitsubishi, vivo, Futurewei)
	-	DL-PRS: 	Supported by 7 companies (Huawei, Mitsubishi, vivo, Intel, LG, Qualcomm, Futurewei)
One company suggests that only SSB as reference DL RS for spatial relation is supported. (CATT)
One company suggest that configuring a DL RS from neighbor cell as spatial relation for a positioning SRS resource is not supported. (OPPO)

Proposal 11:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target UL-PRS. The Reference DL RS that can be used are SSB, CSI-RS or DL-PRS.

(2)	Fixed Beam Selection:
Proposal 12:
To support a fixed Tx beam for UL-PRS transmission across multiple UL-PRS resources, the following options have been identified:
Option 1:	Configure the same spatial relation to those UL-PRS resources. 
Option 2:	A parameter in the UL-PRS resource set configuration is introduced to indicate whether a fixed Tx beam is applied to the UL-PRS resources in that set. The fixed beam can be selected by UE or configured by the gNB.
Option 3:	The UE autonomously selects the beam if spatial relation information is not configured for the target UL-PRS Resource.


(3) Beam sweeping:
Proposal 13:
To support UE Tx beam sweeping on UL-PRS resources, the UL-PRS resource set configuration can include a "repetition" flag which indicates whether the UL-PRS resources of a UL-PRS resource set need to be transmitted using the same spatial domain transmission filter or not. 

Submitted Proposals:
	Category
	Proposal
	Company

	Signalling/Assistance Data
	The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL reference signals (e.g., SRS) should be included in the messages exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals.
	CATT [9]




2d. 	Bandwidth part operation
Submitted Proposals:
	Category
	Proposal
	Company

	UL BWP
	Regarding Rel-16 SRS transmission for UL positioning, RAN1 needs to clarify UE transmission behaviour in UL BWP between two options
(i) transmit Rel-16 SRS for positioning within the active UL BWP
(ii) transmit Rel-16 SRS for positioning in outside of active UL BWP (i.e. the largest BWP)
	Nokia [5]

	
	For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
•	Alt1: SRS is configured within the active UL BWP;
•	Alt2: SRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
	Samsung [8]

	
	The baseline behaviour is that UE is not expected to send UL PRS outside of its active UL BWP.
	Futurewei [18]



Proposal 14:
Regarding the UL BWP for UL-PRS transmission, consider the following options:
· Option 1: The UL-PRS is transmitted within the active UL BWP of the UE.
· Option 2: The UL-PRS can be transmitted outside of the active UL BWP of the UE (e.g., the largest BWP).


3. 	gNB procedures to support NR positioning measurements
3a.	DL PRS configuration aspects
Submitted Proposals:
	Category
	Proposal
	Company

	DL PRS Antenna Ports
	For a 2-port PRS resource, UE can assume that the two ports are mapped to two polarizations belonging to the same antenna array.
	Huawei [1]

	PRS starting symbol/position
	Predefined starting symbols of PRS resources candidates should be known by UE.
	ZTE [4]

	
	On supporting DL & UL based positioning measurements, a timing relationship between DL and UL positioning reference signals shall be provided.
	Sony [12]

	Cell-specific/UE-specific PRS
	NR Positioning supports configuration of Cell-Centric DL PRS Resource Sets and Resources.
NR Positioning supports configuration of UE-Centric DL PRS Resource Sets and Resources.
NR Positioning supports UE-Centric DL PRS Measurement Report to request measurements on subset of Cell-Centric DL PRS Resources or UE-Centric DL PRS Resources.

For construction of UE-Centric DL PRS Resource Sets (or configuration of UE-Centric DL PRS Measurement Report), UE may be requested to provide at least the following assistance information
- Cell IDs
- SSB indexes (e.g. corresponding to max SS-RSRP value)
- CSI-RS Resource IDs (e.g. corresponding to max L1-RSRP value)
- UE location information (e.g. if UE has a-priori knowledge of it coordinates)
- UE Tx-Rx time difference based on Rel.15 reference signals
- Recommended list of DL PRS Resources (IDs) based on processing of Cell-Centric DL PRS Resources
	Intel [10]

	
	UE-specific DL PRS resources can be provided to the UE(s) in addition to the DL PRS resources that is periodically transmitted by the gNB.
	Sony [12]

	
	UE-specific NR PRS should be supported.

NR positioning should support the physical-layer procedures to trigger the UE-specific DL PRS configurations.
	CMCC [13]

	Collision handling
	UE shall not expect to be configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET.

UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.

DL PRS Resource / Resource Set configuration does not affect UE rate matching behaviour for DL reception, which is indicated separately.
	Intel [10]

	Single Frequency Network (SFN)
	NR needs to consider two-step based PRS transmission:
The first step is to simultaneously transmit the common PRS sequence from multiple gNBs/TPs and the second step is to transmit the independent PRS sequence transmission from each TP.
	LG [11]



3b.	UL PRS configuration aspects
Submitted Proposals:
	Category
	Proposal
	Company

	UL-PRS (SRS) Configuration
	spatialRelationInfo RS is configured in RRC and the spatialRelationInfo RS configuration at least includes the DL reference signal (SSB, CSI-RS, or DL-PRS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
•	FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a spatialRelationInfo RS. 
•	Send this agreement in an LS to RAN2.
	Huawei [1]

	
	 pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB or CSI-RS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
•	FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a pathlossReferenceRS. 
•	Send this agreement in an LS to RAN2.
	Huawei [1]

	
	Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
	ZTE [4]

	
	The transmission power should be configured per SRS resource for positioning.
	ZTE [4]

	
	Path loss RS should be configured per SRS resource for positioning.
	ZTE [4]

	
	Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
	ZTE [4]

	
	Only reported PL RS can be configured as spatial relation information.
	ZTE [4]

	
	For an SRS resource set for positioning, configure the following uplink power control parameters:
· , and a path loss RS (SSB or CSI-RS) for the serving cell
·  and  for the neighbor cell
· One or more DL RSs of neighbor cell for measuring path loss of neighbor cells.
	OPPO [6]

	
	To configure a DL path loss RS for a neighbor cell, the UE shall be provided with the EPRE of that cell and Pc_SS of the CSI-RS resource.
	OPPO [6]

	
	UE is configured with reference signal power of the DL PRS and SSB of neighbor cells. Configuration signaling details are up to RAN2
	Intel [10]

	
	To 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. The neighbor cell reference signals resources IDs are communicated to the serving cell in NRPPa.	
	Ericsson [17]

	Coordination of SRS scheduling
	From RAN1 perspective, support network coordination for scheduling of SRS positioning resources.
	Fraunhofer [16]



3c.	Beam management aspects
Submitted Proposals:
	Category
	Proposal
	Company

	RX beam sweeping
	Support gNB RX beam sweeping including LMF request of number of SRS repeated transmissions.
	Nokia [5]

	
	Support UE indication of SRS TX Repetition ON with signalling to facilitate RX beam sweeping at gNBs on SRS for positioning.
	Nokia [5]

	
	The cell information at LMF of the target UE’s location could be used as a reference information to determine PRS TX beam direction or PRS TX beam sweeping range of the neighbour cell(s).
	LG [11]




3d.	Measurement/reporting related aspects
Submitted Proposals:
	Category
	Proposal
	Company

	Reference Time for RTOA measurement
	SFN initialization time of the serving cell is provided to the neighbouring cells as a reference time for SRS detection and UL-RTOA measurement.
	Huawei [1]

	DL-AoD
	To support AoD based DL-only positioning technique with at least beam sweeping, need to define signalling mechanism on beam information between gNB, LMF, and UE. 
For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to minimum TOA or the maximum RSRP to gNB/LMF.
	LG [10]




4. 	Other
Submitted Proposals:
	Category
	Proposal
	Company

	RRC IDLE/INACTIVE
	Positioning for INACTIVE or IDLE UEs should be considered.
	Mitsubishi [2]

	
	Positioning request in SIB and/or paging information should be supported for IDLE or INACTIVE UEs. FFS details of the request.
	Mitsubishi [2]
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