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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
In the following sections we summarize the proposals made in [1] – [17] and sort them according to the above categories.

1. 	UE procedures for receiving DL PRS
1a. 	DL PRS timing aspects
Submitted Proposals:
	Category
	Proposal
	Company

	Expected RSTD/ 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-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
	Huawei [1]

	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 [4]



Items for further discussion:
1.	[Expected RSTD/search window] LPP TS 36.355 supports providing expected DL timing to a target device in the assistance data for RSTD measurements (fields expectedRSTD and expectedRSTD-Uncertainty). RSTD measurements in NR Rel-15 are supported for LTE signals only. Similar functionality is anticipated for RSTD measurements using NR signals.
a. 	Should RAN1 define this functionality, or should it be left to RAN2?
b.	How should this functionality be supported for NR signal measurements? For example:
	- Same/similar as for LTE signals?
	- Using SFN initialization time and expected propagation delay/delay uncertainty? 
	- QCL-TypeC indication of PRS from SSB/CSI-RS/PRS?
2.	[gNB synchronization] Some positioning methods require gNB synchronization with various levels of accuracy. 
a.	Is there a need for the UE to assume a certain gNB synchronization accuracy for performing RSTD/RTT measurements? 
b.	Should RAN1 recommend gNB synchronization requirements, or should this be left to RAN4?

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

	1b#1
	The DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE.

	1b#2
	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.

	1b#3
	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. 



Company views on Options for 1b#3: 

	Company
	Option 1
	Option 2
	Proposal

	Huawei [1]
	
	
	NR only supports Option 2 for both intra-frequency and inter-frequency measurement during a measurement gap.

	vivo [2]
	
	
	For intra-frequency measurements, the UE can measure the DL PRS resource outside the DL BWP in a configured measurement gap.

	CATT [4]
	
	
	If the measurement gap is configured, a UE is expected to measure DL PRS outside the DL WBP configuration for intra-frequency measurement (i.e., Option 2).

	ZTE [5]
	
	
	If the measurement is made during a configured measurement gap, the UE can measure outside the DL BWP configuration.

	LGE [10]
	
	
	For intra-frequency measurements, the UE can measure outside of the configured BWP if the measurement gap is configured (option 2 of the above agreement)

	Intel [11]
	
	
	For intra-frequency operation select Option 1: “The UE measurement is within the DL BWP configuration”.
For DL PRS processing, one of the configured DL BWPs is associated with DL PRS allocation.
UE processes NR DL PRS within DL BWP, associated with NR DL PRS

	Sony [12]
	
	
	The UE can measure the DL PRS resource outside the DL BWP configuration.

	Qualcomm [16]
	
	
	The DL PRS measurement bandwidth can be outside the configured DL BWPs (both active and inactive) (Option 2)
• When the UE is expected to measure DL PRS outside the active DL BWP, it is up to RAN4 to finalize the details of the measurement gaps.

	Ericsson [17]
	
	
	When configured with a measurement gap, the UE can measure the DL PRS resource outside the active BWP, including BWPs inside and outside the UE BWP configuration.



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
From the submitted contributions: 
-	1 company supports Option 1.
-	8 companies support Option 2.
Therefore,  there appears to be a majority support for Option 2.

Proposal 1:
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).

Submitted Proposals:
	Category
	Proposal
	Company

	PRS PRB0 from CRB0
	Further study how UE derives the PRS UE measures within a BWP based on the bandwidth and starting CRB index of a PRS resource when measurement gap is not configured.
	vivo [2]

	Definition of intra-frequency measurement
	A measurement is defined as a PRS based intra-frequency measurement provided the center frequency of the PRS of the serving cell indicated for measurement and the center frequency of the PRS of the neighboring cell are the same, and the subcarrier spacing of the two PRS are also the same.
	MediaTek [8]

	Gapless measurements
	For measuring wider PRS transmission bandwidth than active DL BWP, consider the mechanism to facilitate PRS based intra-frequency measurement without gaps by incorporating the short transition time for bandwidth adaption without center frequency change
	MediaTek [8]

	BWP switching
	Assumptions of DL BWP switching are reused for DL PRS processing
	Intel [11]

	Multi-CC Scenario
	Discuss further procedures related to positioning measurements over PRS spanning across contiguous CCs in intra-band CA scenarios.
	Qualcomm [16]



Items for further discussion:
1.	[PRS PRB0 from CRB0] Given that the DL PRS configuration is independent of the active DL BWP, details on how the UE should derive the PRS based on the bandwidth and starting CRB index should be defined.
2.	[Definition of intra-frequency measurement] A more detailed/PRS specific definition of intra- and inter- frequency PRS measurements may be needed. 
a.	Should RAN1 provide such definition, or should this be left to RAN4?
3.	[Gapless measurements/BWP switching] Requirements for bandwidth part switching and possibility of gapless PRS measurements may need to be defined. 
a.	Should RAN1 provide such details, or should this be left for RAN4?
4.	[Multi-CC Scenario] In intra-band contiguous multi-CC scenarios, the UE may receive PRS spanning across CCs. 
a.	Should joint PRS processing/measurements across multiple CCs be supported?

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

	1c#1
	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.



Company views on Options for 1c#1: 

	Company
	Option 1
	Option 2
	Option 3
	Proposal

	Huawei [1]
	
	
	
	All three options identified for beam reporting are supported.

	vivo [2]
	
	
	
	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.

	CATT [4]
	
	
	
	DL PRS resource can be configured with the associated SSB. Also, the QCL relationship between the DL PRS resource and the associated SSB can be indicated in DL PRS configuration. But, the benefit of configuring a DL PRS to be QCLed with a CSI-RS and/or another DL PRS is unclear.

	ZTE [5]
	
	
	
	Support only option 1, i.e. the DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell. 
• SSB and periodic CSI-RS can be the QCL source.

	BUPT [6]
	
	
	
	The DL PRS which is configured to be QCLed Type D with a DL Reference Signal should be supported.

	MediaTek [8]
	
	
	
	Define SSB as type-C and type-D QCL source for PRS, with transmission from the same cell and if SSB is detectable

	Nokia [9]
	
	
	
	For UE Rx beamforming in positioning, as a baseline support: 
Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
For UE Rx beamforming in positioning, support:
Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.

	LGE [10]
	
	
	
	NR positioning supports at least the option 2 and option 3 of the above agreement.

	Intel [11]
	
	
	
	· Confirm Option 1 – The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighbouring cell.
· 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.

	Sony [12]
	
	
	
	To assist UE to perform Rx beamforming for PRS reception, the following options 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.
- 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. 

	Samsung [13]
	
	
	
	Only support UE Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter. 

	Fraunhofer [14]
	
	
	
	Support the DL PRS configuration to be QCLed Type D with a DL Reference Signal from the serving cell (SSB or CSI-RS) or neighboring cells (SSB).

	Mitsubishi [15]
	
	
	
	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

	Qualcomm [16]
	
	
	
	Option 1: A DL PRS resource may be configured with a QCL Type D reference with an SSB ID, CSI-RS resource ID, or another DL PRS resource ID. 
Option 2: Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources.

	Ericsson [17]
	
	
	
	Clearly all 3 options should be supported depending on the use case. For FR1, option 3 is the most likely case, while option 1 and 2 depend on whether the UE has past knowledge to assist PRS reception. 
Support UE RX beam sweeping on downlink PRS



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
From the submitted contributions: 
-	13 companies support Option 1.
-	8 companies support Option 2.
-	4 companies support Option 3.

For Option 3, there is currently an FFS whether this option can be supported with Option 1, and there are discussions provided by Huawei [1], MediaTek [8], Qualcomm [16]. From these discussions it appears that Option 3 can be realized by reusing the design of Option 1. However, concerns were raised in [1] that QCL Type-D information may not explicitly force a UE to use the same RX beam [1].  Therefore, it is proposed:
 
Proposal 2:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighbouring cell. 
· The UE may at least be configured to use a DL PRS resource or an SSB as a 'QCL-TypeD' reference for another DL PRS resource. 
· It is up to RAN4 to study spatial Rx beam requirements for the reception of spatially QCLed DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
·  Discuss further whether, and if any which, CSI-RS can be used as spatial QCL reference.
·  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.

Submitted Proposals:
	Category
	Proposal
	Company

	DL-AoD/Option 3
	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”
	MediaTek [8]

	No QCL-D available
	RAN1 should discuss solutions to the UE RX beam selection for PRS reception. In particular, in the case where QCL ‘Type D’ is not sufficient.
	Nokia [9]



The above proposals are (at least partly) addressed by Proposal 2 above. 

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

	Gap Request Message
	A RRC signaling should be introduced for UE to request a measurement gap configuration when UE is expected to measure the DL PRS resource outside the active DL BWP.
	vivo [2]

	
	The switch of UE BWP operation during the DL PRS transmission should be support in NR Positioning
	BUPT [6]

	
	Support UE requested BWP switching for PRS reception.
	Nokia [9]

	
	A UE is expected to be configured with measurement gap to process DL PRS.
	Intel [11]

	Measurement Delay Requirements
	RAN1 should discuss the necessity on new principle of measurement delay requirement for the case where both the measurement within measurement gap and that outside measurement gap are performed within one measurement period.
	DOCOMO [3]

	DRX
	For a UE configured with DRX, it needs to consider on whether the UE is required to be activated to measure DL PRS resources for UE positioning when the UE is in DRX ‘OFF’ status.
	CATT [4]

	
	CSI-RS/TRS can help UE acquire a precise time/frequency estimation and DL PRS timing should contain the procedure of TRS time/frequency procedure.
	BUPT [5]

	Additional UE measurements
	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 ID
- SSB index (e.g. corresponding to max SS-RSRP value)
- CSI-RS Resource ID (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 [11]

	Measurement Configuration
	The following PRS configurations should be supported if a measurement gap is configured
• Alt1: PRS measurement is configured in a common BWP containing SSB;
• Alt2: PRS measurement is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
	Samsung [13]

	
	Provide the UE with instructions on how and when to report measurements of DL-PRS from the s- and n-gNBs.	
	Fraunhofer [14]

	
	Select/establish an entity as a central instance that evaluates the UE SSB beam reports. The central instance finally decides on coordinated beams used for DL-PRS transmission from the various gNBs.
	Fraunhofer [14]

	Measurement Report
	NR needs to support ToA/RSTD measurement and reporting for both SSB and DL PRS.
	LGE [10]

	
	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 [13]

	
	The beam specific positioning measurement report contains positioning measurements (e.g. TOA) and at least PCI, a DL-PRS resource indicator comparable to CRI and a measure of the signal quality corresponding to the DL beam resource at the UE (RSRP).
	Fraunhofer [14]

	
	NR supports including additional information indicating which beam was used for the reported positioning measurements.
	Qualcomm [16]

	
	NR supports the following signaling related to “UE Rx-Tx” measurement:
Time-stamp information during which each reported "UE Rx-Tx" is valid. 
Study whether this will be the frame number (SFN), and/or slot index, and/or finer granularity in a frame of the serving cell. 
Study further whether an association between the reported “UE Rx-Tx” measurement and the DL/UL PRS occasions are needed.
	Qualcomm [16] 

	
	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) and angle measurements (AoA, ZoA) shall be defined in a NR using the LTE Quality measurement as a starting point.
- Discuss further details on the error resolution, error values, and Number of samples reported.
	Qualcomm [16]

	
	NR should support variable reporting granularity, e.g., including a configurable quantization step size, to address current and future positioning demands and requirements.	
	Qualcomm [16]



Items for further discussion:
1.	[Gap Request Message] In LTE and NR Rel-15 RRC signalling is defined to allow a UE to request measurement gaps e.g. for inter-frequency/inter-RAT RSTD measurements (e.g., LocationMeasurementIndication message).This functionality can be re-used and/or extended in NR Rel-16, e.g., to support BWP switching for PRS measurements.
a.	Should RAN1 define this functionality, or should it be left to RAN2/RAN4?
2.	[Measurement Delay Requirements; DRX] New measurement requirements (e.g., for measurement delay and accuracy) may be needed for Rel-16 measurements/methods. This includes any potential measurement requirements during DRX.
a.	Should RAN1 define these requirements, or should it be left to RAN4?
3.	[Additional UE measurements] Assuming UE-centric DL PRS Resource Sets are agreed, is there a need for the UE to provide additional measurement information to the location server for construction of UE-centric DL PRS?
a. E.g., could this functionality be supported via e.g. ECID configuration, if needed?
 4.	[Measurement Configuration items]:
a. Is there a need to configure a PRS measurement in a common BWP containing SSB? And if so, does this need to be specified or would this be network implementation?
b. Is there a need to configure a PRS measurement in a dedicated BWP with the largest bandwidth or subcarrier spacing? And if so, does this need to be specified or would this be network implementation?
5.	[Measurement Report items]:
a.	Is there a need to define the ToA/RSTD measurement and report for a specific signal (e.g., SSB, DL PRS)? 
b.	Measurement report quantities and corresponding resolution/granularity may need to be defined. Proposals provided include:
- Multiple/variable UE measurement report granularities;
- beam specific items/reports; 
- time stamp for measurements; 
- quality of measurements. 

To define the signalling requirements for NR positioning, there should be an agreement/specification of which positioning measurement information need to be provided by the UE to the network. As a starting point, the following is suggested, and companies are encouraged to provide further details:

Proposal 3:
The measurement information provided by the UE to the network includes at least one or more of the following items:
· The UE positioning measurement (DL RSTD, DL RSRP, UE Rx-Tx Time Difference). For the reporting granularity of these measurements select one or more of the following options:
· Option 1: The reporting granularity/quantization step size is fixed.
· FFS on the step size for each measurement.
· Option 2: The reporting granularity/quantization step size can be variable and the selected step size is reported by the UE together with the measurement.
· FFS details on configurability.
· FFS on the possible step sizes to select from.
· An indication of time when the measurements have been made/are valid. 
· FFS on the granularity of the time spamp (e.g., SFN, slot, symbol).
· A quality indication of the measurement.
· FFS on the details of such quality information.
· An indication of which beam has been used for the measurement (if applicable).
· FFS on the beam indication.


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

	2a#1
	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 for 2a#1: 

	Company
	Option 1
	Option 2
	Option 3
	Proposal

	Huawei [1]
	
	
	
	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.

	vivo [2]
	
	
	
	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).

	CATT [4]
	
	
	
	For UL positioning, there should be no adjustment is made to the configured TA for UL SRS transmission (Option 1).

	ZTE [5][
	
	
	
	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.

	Nokia [9]
	
	
	
	Prefer to study option-3 of TA mechanisms that the configured TA can be adjusted for the purpose of transmitting UL SRS intended for a neighboring cell. 
(If option-3 is supported, option-2 concept of a configured TA adjusted by a UE can be also supported)

	LGE [10]
	
	
	
	Support one or both of the option 2 and option 3 of the above agreement.

	Intel [11]
	
	
	
	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.

	Samsung [13]
	
	
	
	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.

	Fraunhofer [14]
	
	
	
	TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case. 

	Qualcomm [16]
	
	
	
	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)

	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: 
-	6 companies support Option 1.
-	3 companies support Option 2.
-	4 companies support Option 3.
There seems to be some (but not strong) majority to support Option 1. Therefore, it is suggested to continue evaluations and technical discussions of these options. Such evaluations/discussions may consider concerns raised with respect to Options 2/3, for example:
-	TA adjustment for the purpose of transmitting UL SRS intended to a neighboring cell may increase interference for the serving cell [2, 4, 14, 17].
-	Unclear how a TA adjustment would benefit positioning, given that for DL measurements the UE is also expected to measure far away cells [4, 11, 16].

Submitted Proposals:
	Category
	Proposal
	Company

	SRS TX Time
	Positioning SRS transmission timing is based on the serving cell timing.
	Huawei [1]

	SRS TA Control
	Consider defining UL-PRS (SRS) TA control signaling separately from other UL TX signals (i.e., PUSCH) TA in Rel-16.
	Nokia [9]

	Timing adjustments
	With respect to TA commands during a positioning session, any accuracy requirements are valid under the condition that no changes to the uplink transmission timing are applied during the measurement period.
	Qualcomm [16]



Items for further discussion:
1.	[SRS TX Time] Is there any reason why SRS transmission should not be based on the serving cell timing, given that the UE’s timing is derived from serving cell timing?
2.	[SRS TA Control] NR currently does not have a separate TA control for Rel-15 SRS transmission. In order to control SRS transmission towards neighbour cell with separate TA, an additional TA control signalling/procedure may need to be defined for Option 2/3.
3.	[Timing adjustments] How should TA commands received during a positioning session (measurement period)  handled by the UE?

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

	2b#1
	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).



Company views on Options for 2b#1: 

	Company
	Option 1
	Option 2
	Option 3
	Proposal

	Huawei [1]
	
	
	
	Support configuring a DL reference signal of 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.  

	vivo [2]
	
	
	
	Support SRS power control based on pathloss reference signal of the serving cell. 

	CATT [4]
	
	
	
	· For UL positioning, the network should have the control on whether the UL SRS Tx power should be based on the existing SRS power control procedure (Option 2) or other new SRS  power control procedure if introduced in Rel-16 for NR positioning.
· For FR2, new SRS power control procedure for NR positioning may be supported, where the UL SRS Tx power is determined by modifying the existing power control procedure by adding a power adjustment factor, e.g., a power offset, on an SRS resource configuration. Different power adjustment factors may be configured for different SRS resources targeting different cells (Option 3)
· For FR1, the UL SRS Tx power should be based on the existing power control procedure (Option 2)

	ZTE [5]
	
	
	
	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.

	Nokia [9]
	
	
	
	Study TPC mechanism with Option-3 of The UL SRS Tx power control determined by modifying the existing power control procedure.

	LGE [10]
	
	
	
	Our first preference is option 3 but we also support option 1 if the constant power is the maximum transmission power under the control of the gNB.

	Intel [11]
	
	
	
	Adopt Option 2 for UE UL SRS(PRS) power control behaviour.

	Samsung [13]
	
	
	
	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.

	Fraunhofer [14]
	
	
	
	Power control or a fixed transmit power will be specified by the serving gNB, in a way that large signal effects such as IP3 (due to non-linearity) and ADC dynamic range (clipping and quantization noise) are taken into account. Power control method should be FFS.

	Qualcomm [16]
	
	
	
	For positioning purposes, with regards to the UL SRS transmission power, support configuring a DL reference signal (SSB, CSI-RS, or DL PRS) of a neighboring cell to be used for SRS path loss estimation under the constraint that only Open Loop power control is supported.

	Ericsson [17]
	
	
	
	For power control of SRS in positioning, select Option 2: The UL SRS Tx power is based on the existing power control procedure.



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
From the submitted contributions: 
-	3 companies support Option 1.
-	4 companies support Option 2.
-	8 companies support Option 3.
There seems to be some majority to support Option 3. Further evaluations are needed whether only open loop, or both open loop and closed loop power control mechanisms would be supported. 

Offline Consensus:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following change with respect to existing power control procedures (in addition to the existing 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.

Submitted Proposals:
	Category
	Proposal
	Company

	Open loop/closed loop
	In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered.
• 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;
	Samsung [13]

	
	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.  
	Huawei [1]



The above proposals are (at least partly) addressed by Proposal 4 and agreement 2b#1 above. 

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

	2c#1
	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



Company views on Options for 2c#1: 

	Company
	Option 1
	Option 2
	Option 3
	Proposal

	Huawei [1]
	
	
	
	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.

	vivo [2]
	
	
	
	Support configuration of a spatial relation between a reference DL RS from 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.

	CATT [4]
	
	
	
	DL PRS resource can be configured with the associated SSB. Also, the QCL relationship between the DL PRS resource and the associated SSB can be indicated in DL PRS configuration. But, the benefit of configuring a DL PRS to be QCLed with a CSI-RS and/or another DL PRS is unclear.

	ZTE [5]
	
	
	
	Support option 1, i.e. Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS
• SSB and periodic CSI-RS can be the source of spatial relation.

	Intel [11]
	
	
	
	NR supports UE beam-sweeping for UL SRS (PRS) transmission across different UL SRS(PRS) Resources.
NR supports association of UL SRS (PRS) Resources and DL PRS Resources for UL-TDOA support; i.e. UL SRS (PRS) Resources are associated with DL PRS Resources.

Support association of DL PRS and UL PRS Resources (i.e. spatial relation of DL PRS and UL PRS Resources) for serving cell. Further study benefits of supporting Option 1 for neighbour cells.
Support Option 2 that enables UE beam sweeping across UL SRS(PRS) Resources.
Support Option 3 that enables UE to transmit UL PRS across different UL PRS Resources within UL PRS Resource Set using the same spatial filter and antenna port.

	Sony [12]
	
	
	
	For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, the following options are supported:
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.

	Samsung [13]
	
	
	
	Only support UE Tx beam sweeping on UL SRS transmissions across multiple UL SRS Resources.

	Fraunhofer [14]
	
	
	
	Support configuration of a spatial relation between a reference DL RS (SSB, CSI-RS) from serving or neighbouring cells and the target SRS used as UL-PRS.

	Mitsubishi [15]
	
	
	
	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.

	Qualcomm [16]
	
	
	
	Option 1: where SSB ID, CSI-RS resource ID, or DL PRS resource ID can be used as spatial QCL reference.
Option 2: The UE can be configured with one or multiple SRS resource sets, each SRS resource set may have one or multiple SRS resource (in a similar way to the UL SRS Beam Management framework of NR Rel-15). 
One SRS resource can be used as a spatial Relation Info to another SRS resource (to enable Option 3).



Companies are encouraged to verify the above table, to ensure correct capture of all companies’ preferences.
From the submitted contributions: 
-	9 companies support Option 1.
-	6 companies support Option 2.
-	1 company supports Option 3.

Offline Consensus:
For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to the UE TX beam sweeping):
· Support 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.
· Support 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.

Submitted Proposals:
	Category
	Proposal
	Company

	SRS Resource Setting/Configuration
	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.  
	Huawei [1]

	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 [4]

	
	The assistance data for UL SRS based positioning may include spatial information from neighbouring cells DL RS for the purpose of aligning the SRS to the neighbor cell RX beams. 
Details on how to send the information is FFS
	Ericsson [17]



SRS TX beam sweeping is already supported in NR Rel-15. To support SRS TX beam sweeping for positioning purposes, the Rel-15 framework may be reused:
Proposal 6:
To support UE SRS TX beam sweeping for positioning purposes, the UE can be configured with up to N (e.g. one or more) SRS resource sets, each SRS resource set may have up to M (e.g. one or more) SRS resources.
· FFS on the values of M and N

Items for further discussion:
1.	[Signalling/Assistance Data] Assistance Data required for positioning needs to be defined. The assistance data may include:
a.	DL-PRS configuration information (e.g., similar to LTE PRS-Info).
b.	UL-PRS (SRS) configuration information. 

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 [5]

	
	Support the PRS transmission to be able to start from symbol 0
	MediaTek [8]

	
	Allow multiple pre-configured starting positions for transmission in a slot to facilitate TDM transmission among TPs
	MediaTek [8]

	
	The gNB beam configuration of the PRS transmission is part of PRS configuration and it is provided to the UE.	
	Sony [12]

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

	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.
	LGE [10]

	QCL
	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.
	Huawei [1]

	
	Define SSB as type-C and type-D QCL source for PRS, with transmission from the same cell and if SSB is detectable
	MediaTek [8]

	
	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.
	Intel [11]

	
	For positioning purposes, to assist UE to acquire the PRS timing, the DL PRS QCL type C relation to DL Reference Signal 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]

	
	For positioning purpose to assist the UE to acquire the PRS Rx beam, the DL PRS QCL type D relation to other reference signals from a serving and neighbouring 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]

	Cell-specific/UE-specific PRS
	UE-specific NR PRS should be supported.	
	CMCC [7]

	
	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.
	Intel [11]

	Collision handling
	UE is not 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 PRS reception which is indicated separately.
	Intel [11]

	
	UE is not expected to receive other DL channel / signals when it performs measurements of DL PRS signals.
	Intel [11]

	On-demand PRS
	NR positioning should support the physical-layer procedures to trigger the UE-specific DL PRS configurations.
	CMCC [7]

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

	PRS Resource Setting
	Define a PRS resource setting as a collection of one or multiple PRS resource sets with PRS resources transmitted from the same transmission point. The UE may be configured with one or multiple PRS resource settings from the same transmission point.
Study further the minimum and maximum resources per set, sets per setting, and total number of PRS resources per UE.  
	Qualcomm [16]



Items for further discussion:
1.	[DL PRS Antenna Ports] Any procedures related to this seem to require an agreement on number of antenna ports for PRS first.
2.	[PRS starting symbol/position] Allowed PRS starting positions depend on the agreed DL PRS configuration options. Any DL PRS configuration information may need to be provided to the UE in the assistance data. 
3.	[SFN Transmission] Should a common PRS sequence transmission from multiple gNBs be considered/allowed?
4.	[QCL] The issue of QCL relationship beyond Type-D was discussed in multiple contributions  (e.g, [1],[8],[11],[17]). A proposal is suggested below.  
5.	[Cell-specific/UE-specific PRS] Should the DL PRS configuration be cell-specific and/or UE specific? 
a.	Would the UE need to know whether the DL PRS is cell-specific and/or UE-specific for performing DL-PRS measurements? Or would this be a network/deployment issue? 
6.	[Collision handling] PRS collision with some other signals/channels has been defined for LTE PRS and may also be required for NR. Essentially, there are two main possibilities to consider:
a.	By configuration, DL PRS and CORESET/SIB1 do not collide;
b.	DL PRS is punctured when colliding with CORESET/SIB1. 
7.	[On demand PRS] As already agreed during the Study Item, “NR DL PRS design for FR1 and FR2 should support localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation; signaling details are left to future specification work” (see TR 38.855).
a.	Is there any additional work required in RAN1 to support on-demand PRS?
b.	Should the signalling details be defined by RAN2? 
8.	[PRS Resource Setting] Should there be more than one PRS Resource Setting possible/allowed for the same TRP?

Proposal 7:
With regards to QCL relations beyond Type-D of a DL PRS resource, consider the following options: 
· Option 1:  QCL-TypeC from an SSB from a serving or neighbouring cell.
· Option 2:  QCL-TypeC from a CSI-RS resource from a serving or neighbouring cell.
· 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 3:  QCL-TypeC from a DL PRS resource from a serving or neighbouring cell.
· Option 4:  QCL-TypeA from a DL PRS resource from a serving or neighbouring cell.
· Option 5: QCL-TypeA from a CSI-RS resource in a set with trs-info configured (TRS) from a serving or neighbouring cell.

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

	UL BWP
	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 [13]

	Multi user operation
	Take user grouping into account to solve the near far problem.
Discuss within RAN1 whether LS can be sent to RAN2/3 requesting group management for interference coordination among UEs separated along the code domain.
	Fraunhofer [14]



Items for further discussion:
1.	[UL BWP] Should it be possible to configure SRS outside the active UL BWP?
2.	[Multi user operation] Are there any specification impacts related to group management/interference coordination, or would this be a network implementation issue only?

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

	RX beam sweeping
	Support gNB RX beam sweeping including LMF request or configuration of number of SRS repeated transmissions. Note: This does not preclude other options such as UL beam alignment from also being supported.  
	Nokia [9]

	
	NR supports gNBs UL RX beam sweeping to establish association between UL SRS Resources (UL TX beams) and DL RX beams that can be further associated with DL PRS Resources.
	Intel [11]

	
	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).
	LGE [10]



Items for further discussion:
1.	[RX beam sweeping] UE TX beam sweeping is discussed in section 2c above. Is there anything in addition required to be specified in order to support gNB RX beam sweeping?

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 neighboring 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.
	LGE [10]

	Measurement Information

	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) and angle measurements (AoA, ZoA) shall be defined in a NR using the LTE Quality measurement as a starting point.
- Discuss further details on the error resolution, error values, and Number of samples reported.
	Qualcomm [16]

	
	NR should support variable reporting granularity, e.g., including a configurable quantization step size, to address current and future positioning demands and requirements.
	Qualcomm [16]



Items for further discussion:
1.	[Reference Time for RTOA measurement] A UL RTOA Reference Time is provided by the server to the LMUs in LTE for UTDOA for RTOA measurements. Is the same/similar functionality required for NR UL RTOA measurements? 
2.	[DL-AoD] Signalling details to support DL-AoD may need to be defined. 
3.	[Measurement information] Measurement reports of  gNB measurements may need to be defined, incl. granularity of the measurement and quality information, similar to the UE measurement report. 

4. 	Other
Submitted Proposals:
	Category
	Proposal
	Company

	RRC IDLE/INACTIVE
	Positioning for INACTIVE or IDLE UEs should be considered.
	Mitsubishi [15]

	
	Positioning request in SIB and/or paging information should be supported for IDLE or INACTIVE UEs. FFS details of the request.
	Mitsubishi [15]




Option 1 Periodicity is configured on DL PRS Resource Set level for each PRS Resource Set. 
Option 2 Periodicity is configured on DL PRS Resource level for each PRS Resource. 
FFS The use cases for these options.
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