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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
d.	Bandwidth part operation
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

NOTE: In this summary, the term "UL-PRS" is used synonymously with "SRS for positioning purposes".

0.1	Open Issues
Most of the issues related to physical layer procedures to support UE/gNB measurements for NR positioning were resolved in previous meetings. The remaining issues are as follows (e.g., marked as FFS in current agreements and/or parameter list).

DL-PRS related:
1. Value range for expected RSTD and expected RSTD Uncertainty. 
2. Time/frequency occupancy (parameter) of SSB of TRPs in case of SSB is configured as QCL Type C and Type D source of DL-PRS.
3. Time/frequency occupancy (e.g., index, TRP ID, etc.) of DL-PRS of TRPs in case of DL-PRS is configured as QCL Type D source of DL-PRS.
4. Use of CSI-RS as QCL Type D source of DL-PRS.
5. Time/frequency occupancy (parameter) of CSI-RS of TRPs in case of item 4. is agreed.
6. UE (fixed) RX beam selection for receiving DL-PRS Resources which are transmitted with different downlink spatial transmission filter (e.g., via QCL Type D indication and/or additional signalling).

UL-PRS (SRS for positioning) related:
7. DL path loss reference for power control
a. Time/frequency occupancy (parameter) of SSB of TRPs in case of SSB is used as pathloss reference.
b. Time/frequency occupancy (parameter) of DL-PRS of TRPs in case of DL-PRS is used as pathloss reference.
c. Use of CSI-RS as pathloss reference.
d. Time/frequency occupancy (parameter) of CSI-RS of TRPs in case of item 7c. is agreed.
e. CSI-RS TX power indication in case of item 7c. is agreed.
8. Number of distinct pathloss references that a UE can simultaneously maintain.
9. Spatial relation info for UL-PRS (SRS for positioning) Resources
f. Time/frequency occupancy (parameter) of SSB of TRPs in case of SSB is used as spatial relation.
g. Time/frequency occupancy (parameter) of DL-PRS of TRPs in case of DL-PRS is used as spatial relation.
h. Time/frequency occupancy (e.g., index, etc.) of UL-PRS (SRS for positioning) in case of UL-PRS (SRS for positioning) is used as spatial relation.
i. Use of CSI-RS as reference RS for spatial relation.
j. Time/frequency occupancy (parameter) of CSI-RS of TRPs in case of item 9i. is agreed.
10. UE (fixed) Tx beam selection for UL SRS for positioning transmissions across multiple UL SRS for positioning Resources.

NOTE 1:	The common issue in the items above is whether CSI-RS (for RRM) can be used as QCL Source and/or pathlosss reference and/or RS for spatial relation.
NOTE 2:	Time/frequency occupancy (parameter) of SSB of TRPs is needed for multiple purposes (items 2, 7a, 9f).
NOTE 3:	Time/frequency occupancy (parameter) of DL-PRS of TRPs is needed for multiple purposes (items 3, 7b, 9g).
NOTE 4: 	Time/frequency occupancy (parameter) of CSI-RS of TRPs would be needed for multiple purposes (items 5, 7d, 9j), if agreed.
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1. 	UE procedures for receiving DL PRS
1a. 	DL PRS timing aspects
Agreements from RAN1#98:	

	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.



	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



Agreements from RAN1#98bis:	

	· An expected RSTD value together with uncertainty (search window) is provided to the UE for the TRPs in the assistance data (analogous to LTE).
· expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure.
· Note: It is assumed that precise TRP transmission time differences are provided to the UE for UE-based positioning (which is in the scope of RAN2).
· Note: RAN2 can optimize the signalling to cover both UE-based and UE-assisted positioning in a single framework.




	For a DL PRS resource, QCL-TypeC from an SSB from a TRP (Option 1 from previous related agreement in RAN1#98) is supported.



Submitted Proposals:
	Category
	Proposal
	Company

	Additional QCL relations
	Support CSI-RS for RRM as the QCL source of PRS, with the QCL-type being QCL-TypeA or TypeC + TypeD (if applicable).
	Huawei [2]

	
	Support QCL-TypeC from a PRS resource.
	ZTE [3]

	
	For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for RRM.
	vivo [4]

	
	Do not support CSI-RS for RRM as a QCL source, pathloss reference and as a part of spatial relation info in Rel.16 NR positioning
	Intel [7]

	
	Support CSI-RS for RRM as a source of QCL type-D configuration for a PRS resource.
QCL Type-C from a CSI-RS resource from a TRP
CSI-RS type is CSI-RS for RRM.
	LGE [8]

	
	DL PRS can be configured QCLed-Type A, B, and D with CSI-RS for RRM measurement.
	Ericsson [15]

	QCL Configuration Aspects
	If SSB is used as source for both QCL-typeD and QCL-typeC for a PRS resource, the same SS/PBCH block shall be configured for QCL-typeD and QCL-typeC.	
	OPPO [1]

	expectedRSTD/search window aspects
	DL-PRS-SFN0-Offset is defined as the time offset of the SFN0 slot 0 for a given TRP with respect to SFN0 slot 0 for the TRP, from which the PRS resource(s)/resource set defined by DL-PRS-RstdReferenceInfo are transmitted.
- The parameter should be provided per TRP, similar to the ID. FFS how TRP are captured in RAN2.
	Huawei [2]

	
	The following parameters should be provided with PRS for all positioning techniques that may use PRS:
- DL-PRS-SFN0-Offset
- DL-PRS-RstdReferenceInfo
- expectedRSTD
- expectedRSTD-Uncertainty
	Huawei [2]

	
	For ‘expectedRSTD’ and ‘expectedRSTD-uncertain’, the following values are supported:
- The value of ‘expectedRSTD’ should be represented by 12 bits .
- The value of ‘expectedRSTD-uncertain’ should be represented by 10 bits .
	vivo [4]

	
	Use value ranges for expected RSTD and expected RSTD uncertainty as defined by LPP
	Intel [7]

	
	For providing an indication of when the DL PRSs are expected to arrive in time at the UE, support the following option: 
•	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).
	Samsung [12]

	
	The maximum values of the expectedRSTD and expectedRSTD-Uncertainty are
•	For FR1, [-107.03,107.03] usec and [-53.51,53.51] usec respectively 
•	For FR2, [-17.9,17.9] usec and [-8.9,8.9] usec respectively
•	Reuse the number of bits of LTE for the representation of the above fields (14 bits and 10 bits respectively).
	Qualcomm [14]

	Time/frequency occupancy of source RS
	Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS, and it is up to UE to associate it to the SSB and CSI-RS configured for RRM, respectively.
· For SSB, the indication includes
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
· For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A (TRP-specific)
· CSI-RS subcarrier spacing (TRP-specific)
· CSI-RS bandwidth (TRP-specific)
· CSI-RS density (TRP-specific)
· CSI-RS periodicity (TRP-specific)
· CSI-RS offset (PRS resource specific)
· CSI-RS RE mapping within a RB (PRS resource specific)
· CSI-RS symbol (PRS resource specific)
· CSI-RS sequence scrambling ID (PRS resource specific)
· For DL PRS, the QCL relation can be implicitly assumed across multiple PRS resource sets from the same TRP, e.g., PRS resources with the same ID across multiple PRS resource sets in one TRP are implicitly assumed QCLed.
	Huawei [2]

	
	Clarify that the signaling of the time/frequency occupancy of the SSB is required whenever the DL-PRS-QCL-Info points to an SSB from a neighboring TRP. The required parameters that need to be specified for providing the time/frequency occupancy of an SSB are the following: 
•	ssbFrequency with values: ARFCN-ValueNR
•	halfFrameIndex with values: 0 or 1
•	SSB-periodicity with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
•	SSB-positiongIBurst with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
•	SSB-caseNumber with values {A,B,C,D,E}
•	SFN-SSB_Offset with values {0,1,2,…15}
	Qualcomm [14]




Open Issue #1: Value range for expected RSTD and expected RSTD Uncertainty.

Value range in LTE:
expected RSTD: 0…16383 (14-bits), resolution 3Ts (1 Ts ~ 32.5 ns ~ 10 m)  +/- 800 us ~ +/-240 km
expected RSTD Uncertainty: 0…1023 (10-bits) , resolution 3Ts  +/- 100 us ~ +/- 30 km

Proposal by vivo:			expected RSTD:  0…4095 (12-bits), resolution 3Ts  +/- 200 us ~ +/- 60 km
expected RSTD Uncertainty: 0…1023, resolution 3Ts  +/- 100 us ~ +/- 30 km
Proposal by Intel:		reuse LTE value ranges, or probably smaller. 
Proposal by Qualcomm: For FR1:
expected RSTD: +/- 107.03 us ; mapped to 14-bits
								expected RSTD Uncertainty: +/- 53.51 us ; mapped to 10-bits
							For FR2:
expected RSTD: +/- 17.9 us ; mapped to 14-bits
								expected RSTD Uncertainty: +/- 8.9 us ; mapped to 10-bits

Proposal 1:
· The value range for the expected RSTD is (0…4095) (double sided) with resolution of:
· For FR1:  2Ts (2×(26 Tc))   (i.e., about +/- 133 us).
· For FR2:	2Ts/8 (2×(23 Tc))  (i.e., about +/- 17 us).
· The value range for the expected RSTD Uncertainty (single sided) is 0…1023 with resolution of
· For FR1:  2Ts (i.e., about +/- 66 us).
· For FR2: 	2Ts/8 (i.e., about +/8 us).
· The expected RSTD and Uncertainty should be provided for all positioning techniques that may use DL-PRS.

Offline Consensus:
The expected RSTD value is given as a single value defining the RSTD the UE is expected to measure (at the UE location).
The value range of the expected RSTD is +/- 500 us. 
The value range for the RSTD uncertainty is:
For FR1: +/- 32 us
For FR2: +/- 8 us


NOTE: The time/frequency occupancy proposals are discussed in section 1c.

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

	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 [4]

	
	Support UE requested BWP switching and/or measurement gap for DL PRS reception.
	Nokia [9]

	PRS starting RB/no. of RBs
	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 [4]

	
	Send LS to RAN4 to discuss scheduling availability when DL PRS Resources are processed in active BWP and there is no measurement gap configured to UE
	Intel [7]



Offline Consensus:
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.

Offline Consensus:
In case of DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted. Behaviour in FR1 is up to RAN4 to decide.
Send LS to RAN4 on the above RAN1 consensus.
Add the agreement on SSB to the LS.

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.
· [bookmark: _Hlk21797836]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#98bis:

	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 QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
· FFS: CSI-RS for RRM




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

	OPPO [1]
	To configure QCL-TypeD for a PRS resource:
-	If an SSB is configured, the cell ID and SS/PBCH block index shall be provided.
-	If a PRS resource is configured as QCL source, the PRS resource shall be transmitted from the same TRP and the PRS resource set ID and PRS resource ID are provided in QCL configuration.

If SSB is used as source for both QCL-typeD and QCL-typeC for a PRS resource, the same SS/PBCH block shall be configured for QCL-typeD and QCL-typeC.
	To support Option 2 of multi-beam operation on DL PRS: the UE can apply Rx beam sweeping on repetitions of one PRS resource.
	To support Option 3 of multi-beam operation on DL PRS: the NW can configure a same RS index for QCL-type D source for different DL PRS resources in the same set.

	Huawei [2]
	Support CSI-RS for RRM as the QCL source of PRS, with the QCL-type being QCL-TypeA or TypeC + TypeD (if applicable).


Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS, and it is up to UE to associate it to the SSB and CSI-RS configured for RRM, respectively.
For SSB, the indication includes
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A (TRP-specific)
· CSI-RS subcarrier spacing (TRP-specific)
· CSI-RS bandwidth (TRP-specific)
· CSI-RS density (TRP-specific)
· CSI-RS periodicity (TRP-specific)
· CSI-RS offset (PRS resource specific)
· CSI-RS RE mapping within a RB (PRS resource specific)
· CSI-RS symbol (PRS resource specific)
· CSI-RS sequence scrambling ID (PRS resource specific)
For DL PRS, the QCL relation can be implicitly assumed across multiple PRS resource sets from the same TRP, e.g., PRS resources with the same ID across multiple PRS resource sets in one TRP are implicitly assumed QCLed.
	
	Support the reported PRS-RSRP to be measured by the same Rx beam [on the same Rx branch] for DL-AoD and UE indicates whether the PRS-RSRPs are measured under the same Rx beam [and the same Rx branch].

	ZTE [3]
	Support CSI-RS for RRM as QCL type D source.
	
	

	vivo [4]
	The DL PRS can be configured to be QCLed Type D with CSI-RS for RRM from a serving or neighbouring cell.
	
	

	Intel [7]
	Do not support CSI-RS for RRM as a QCL source, pathloss reference and as a part of spatial relation info in Rel.16 NR positioning
	
	

	LGE [8]
	Support CSI-RS for RRM as a source of QCL type-D configuration for a PRS resource.
QCL Type-C from a CSI-RS resource from a TRP
CSI-RS type is CSI-RS for RRM.
	The UE can assume that the PRS resources within a PRS resource set configured with the higher layer parameter “repetition=ON” are transmitted with a fixed spatial domain filter at the gNB/TP.

	

	Nokia [9] 
	Do not support CSI-RS for RRM as QCL Type D source of DL-PRS, in order to assist UE to perform Rx beamforming
	
	

	Futurewei [10]
	CSI-RS for RRM as reference DL RS for DL beam alignment is supported.
	
	

	Qualcomm [14]
	No need to introduce CSI-RS for RRM as path-loss/spatial-relation or QCL-Type-D reference in NR Rel-16.
	
	For positioning purposes, and when the UE reports RSRP measurements on adjacent PRS resources, the UE may include in the measurement report, which RSRP measurements have been computed using the same Rx beam.



Open Issue #4: Use of CSI-RS as QCL Type D source of DL-PRS.
- 	CSI-RS for RRM QCL Type D source is supported by 5 companies (Huawei, ZTE, vivo, LGE, Futurewei)
- 	CSI-RS for RRM QCL Type D source is not supported by 3 companies (Intel, Nokia, Qualcomm)
 

Offline Consensus:
[bookmark: _Hlk21797619]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 QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL source of DL-PRS. (already agreed at RAN1#98bis).
· CSI-RS for RRM as QCL source for DL-PRS is not supported


Open Issue #3: Time/frequency occupancy (e.g., index, TRP ID, etc.) of DL-PRS of TRPs in case of DL-PRS is configured as QCL Type D source of DL-PRS.

- Proposal by OPPO:		If a PRS resource is configured as QCL source, the PRS resource shall be transmitted from the same TRP	
 						and the PRS resource set ID and PRS resource ID are provided in QCL configuration.
- Proposal by Huawei:	For DL PRS, the QCL relation can be implicitly assumed across multiple PRS resource sets from the same TRP, 
e.g., PRS resources with the same ID across multiple PRS resource sets in one TRP are implicitly assumed QCLed. 



Offline Consensus
If the DL-PRS-QCL-Info for a DL-PRS Resource of a TRP indicates ‘QCL Type-D from a DL-PRS Resource’, the DL-PRS-ResourceSetId and the DL-PRS-ResourceId for the indicated source DL-PRS Resource can be provided. 
QCL relation between two DL-PRS Resources can only be provided for DL-PRS Resources of the same TRP.


Open Issue #2: Time/frequency occupancy (parameter) of SSB of TRPs in case of SSB is configured as QCL Type C and Type D source of DL-PRS.

Offline Consensus:
For DL-PRS processing, the following SSB assistance data can be provided :
· PCI of the TRP with the indicated SSB
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-positionInBurst with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-caseNumber with values {A,B,C,D,E}
· SFN-SSBoffset with values {0,1,2,…15}
If an SSB is used as source for both, QCL Type D and QCL Type C for a DL-PRS resource, the same indicated SSB is used for both, QCL Type D and QCL Type C.
NOTE: The SSB assistance data can be provided at least when DL-PRS-QCL-Info for a DL-PRS Resource of a TRP indicates ‘QCL Type-D’ or ‘QCL Type C’, or when DL-PRS is puctured by SSB.
NOTE: The SSB-positionInBurst parameter is needed only for SSB puncturing.

Open Issue #5: Time/frequency occupancy (parameter) of CSI-RS of TRPs

Proposal 5:
If the DL-PRS-QCL-Info for a DL-PRS Resource of a TRP indicates ‘QCL Type D’ with an CSI-RS for RRM, the following parameter of the CSI-RS are provided to the UE:
· CSI-RS frequency, e.g., Point A
· CSI-RS subcarrier spacing
· CSI-RS bandwidth
· CSI-RS density
· CSI-RS periodicity
· CSI-RS offset
· CSI-RS RE mapping within a RB
· CSI-RS symbol
· CSI-RS sequence scrambling ID



Open Issue #6:  UE (fixed) RX beam selection for receiving DL-PRS Resources.

Offline Consensus:
· To support Option 3 of multi-beam operation, the NW may configure DL-PRS Resources as source RS for QCL Type D for a target DL-PRS Resource. I.e., Option 3 can be achieved by Option 1 with a DL-PRS as source RS for QCL Type D. (Options 3/1 from previous related agreement in RAN1#97).
· One of the below alternatives is supported:
· Alt 1:
· When the UE reports DL-PRS RSRP measurements on DL-PRS resources from one DL-PRS Resource Set, the UE may indicate in the measurement report for each TRP which DL-PRS RSRP measurements have been measured using the same Rx beam.
· Alt 2:
· When the UE reports DL-PRS measurements on DL-PRS resources from one DL-PRS Resource Set, the UE may indicate in the measurement report for each TRP which DL-PRS measurements have been measured using the same Rx beam.
· Alt 3:
· When the UE reports both, DL-PRS RSRP and timing measurements on DL-PRS resources from one DL-PRS Resource Set, the UE may indicate in the measurement report for each TRP which DL-PRS RSRP and timing measurements have been measured using the same Rx beam.



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

	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 [6]

	
	Introduce higher layer signaling, either from the UE or the serving gNB to the LMF, related to the DRX configuration. 
•	Remaining details on the signaling shall be left to RAN2 & RAN3 WGs.
	Qualcomm [14]

	Measurement Report
	The UE can be configured to report RSTD and to report a PRS resource ID associated with each TP or a PRS Resource set where the PRS resource shows the minimum propagation time of the first-arrival signal path among the PRS resources transmitted from the TP. If two or more PRS resources show the same minimum propagation time of the first-arrival signal path, then the UE should select the PRS resource corresponding to the larger received signal power.
	LGE [8]

	
	NR needs to support timing measurement and reporting for both SSB and DL PRS.
	LGE [8]

	
	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 [12]



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.



Agreements from RAN1#98:

	For transmission timing of the SRS for positioning purposes, 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: 	whether the application of the TA command at the UE impacts the feasibility of each of the 				options.
	FFS: 	whether UE autonomous TA adjustments impacts the feasibility of each of the options.




Company views:

	Company
	Option 1
	Option 2
	Option 3
	TA Commands/Autonomous TA Adjustments

	OPPO [1]
	For TA on SRS transmission for positioning purpose, Only support Option 1.
	
	
	

	LGE [8]
	
	NR positioning should consider the TA configuration based on the neighbouring cell(s) in order to effectively transmit a SRS resource intended for the neighbouring cell(s)
	Introduce a “reference time” for UL PRS transmission which is a fixed time during a certain period even though the DL reception timing is changed or the TA value is updated.
NR positioning consider the following options to address the SRS transmission timing issue.
- Support the UE reporting of information on the reference time change, and the UE compensate SRS transmission time change through phase rotation technique in the frequency-domain so that the SRS received by gNB/TRP appears to be transmitted at the reference time.
- Support the UE reporting of information on the reference time change, and the UE is indicated to transmit SRS resource(s) at the reference time even though the SRS transmission time is changed due to the change of DL reception time or the TA update.



Submitted Proposals: 
	Category
	Proposal
	Company

	SRS Frame Timing
	Positioning SRS frame timing is based on the serving cell timing.
	Huawei [2]




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.



Agreements from RAN1#98:

	For the purpose of power control of the SRS for positioning purposes, support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference. One of the following can be configured as the DL reference signal.
- SSB
- DL-PRS at least for multi-cell RTT
- FFS: CSI-RS



Agreements from RAN1#98bis:


	•	The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning 	resource sets can be smaller than the number of configured SRS for positioning resource sets. 
•	A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS 	resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently 	specified for PUSCH/PUCCH/SRS transmissions.
		o	FFS: Value of N
•	There is at most one pathloss reference per SRS resource set configured.
•	Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.




	For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
•	If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-	BlockPower.
		Note: 	The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that 					carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 					38.213, clause 7; range currently defined as INTEGER (-60..50)).
•	If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-	Resource-Power.
		o	The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-				PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
•	FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.





	If a DL reference signal is to be used as pathloss reference for the purpose of SRS for positioning power control, or if a DL reference signal is to be used as spatial relation info for SRS for positioning, the following is provided to the UE by higher layers:
•	If the DL RS to be used is a SSB, provide the time/frequency occupancy of the SSB.  
•	If the DL RS to be used is a DL-PRS, provide the the time/frequency occupancy of the DL-PRS.
•	FFS: Overhead reduction for SSB which has already been detected. 
•	FFS: CSI-RS configuration if CSI-RS is agreed as a pathloss reference or spatial relation info.




	Only open loop power control mechanism is supported. If the UE is provided a pathloss reference from the serving or a neighbouring cell in the SRS for positioning configuration, but is not able to successfully measure the pathloss for the pathloss reference provided, use a RS resource obtained from the SSB that the UE uses to obtain MIB as the pathloss reference signal.




	For the purpose of power control of the SRS for positioning purposes (for all positioning solutions using SRS when DL-PRS is available), support configuring a DL-PRS (in addition to SSB which has already been agreed) of a neighbouring cell to be used as DL path loss reference. 
•	Note: UE support of DL-PRS as a DL pathloss reference can be discussed as part of UE capability 	discussions





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
	UL PRS Tx power 

	OPPO [1]
	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.
	When configured path loss reference is not available, the Tx power for an SRS transmission for positioning purpose is calculated as , where:
·  is the UE maximum output power
 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 positive power offset, examples value can be 3 or 6 dB.
	•	One or more DL RSs of neighbor cell for measuring path loss of neighbor cells.
	The Tx power of an SRS transmission for positioning 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.

	Huawei [2]
	Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
- Maximum number of configured SSB frequency layers associated with each SRS resource set for positioning is N=4.

To facilitate UE to search for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS, following fields are indicated to the UE at each SSB frequency layer: 
- ssbFrequency, 
- ssbSubcarrierSpacing, 
- smtc1, 
- deriveSSB-IndexFromCell.

Support indicating ss‑PBCH-BlockPower in SRS for positioning RRC configuration and update the higher layer parameter list accordingly.

To indicate an SSB resource as a pathlossReferenceRS or a spatialRelationInfoRS in each configured SSB frequency layer, following fields are provided to the UE in SRS for positioning RRC configuration:
- An index that uniquely identifies the SSB frequency layer
- SSB index
- Physical Cell ID 
- ss-PBCH-BlockPower (only when SSB is used as a pathlossReferenceRS)

To indicate DL PRS as a pathlossReferenceRS or a spatialRelationInfoRS, following fields are provided to the UE:
- DL-PRSConfigId,
- PRS resource set index,
- PRS resource index.

Support indicating NZP-CSI-RS resource as pathlossReferenceRS for a serving cell. Similar to Rel. 15, provide NZP-CSI-RS-ResourceId to the UE to indicate the NZP-CSI-RS resource as pathlossReferenceRS.

Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.

To indicate a CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfoRS, following fields are provided to the UE:
- Measurement object ID (measObjectId)
- Physical Cell ID 
- CSI-RS-Index
- Transmit power (only when the CSI-RS resource for RRM is used as a pathlossReferenceRS)
	
	A UE does not expect to simultaneously maintain more than N=4 additional pathloss estimates per serving cell for positioning SRS.
	

	ZTE [3]
	Do NOT support CSI-RS as a pathloss reference for SRS positioning.
	
	
	

	vivo [4]
	
	
	A UE does not expect to simultaneously maintain more than four additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
	

	MediaTek [5] 
	CSI-RS as path-loss reference is not preferred
	At fallback mode, UE doesn’t perform any TX beam sweeping. The direction for transmission is toward the serving cell
	
	

	CATT [6]
	
	
	A UE is expected to maintain up to two pathloss estimates for each configured neighbouring cell for the transmission of SRS for positioning.
	

	Intel [7]
	Do not support CSI-RS for RRM as a QCL source, pathloss reference and as a part of spatial relation info in Rel.16 NR positioning.

Add information on Cell ID when time/frequency occupancy of the SSB is indicated as a DL RS for the purpose of pathloss reference
	
	From system perspective, it is desirable to support signaling that can configure UE to monitor up to 8 pathloss estimates from neighbor cells.

From UE perspective, amount of monitored neighbor cell pathloss estimates is up to UE capability, i.e. selected from the set [0, 1, 2, …, 8], where 0 means that neighbor cell pathloss estimates are not supported
	

	LGE [8]
	
	If a UE is not able to successfully detect a DL RS Resource transmitted from a neighbouring cell/TP which is configured as a source of spatial relation information, the UE should inform the gNB that the UE has failed to detect it.
	Multiple DL RS resources from multiple neighbouring cells/TPs need to be configured as candidate path-loss references for transmission power control. Among multiple DL RS resources, a DL RS resource corresponding to the weakest signal strength should be used for the path-loss reference.
	If a UE can detect a DL RS resource from a neighbouring cell/TP which is configured as a source of spatial relation information of a SRS resource, the UE transmits the SRS resource with the maximum transmission power, even though the UE is not able to successfully measure a DL RS resource which is configured for the path-loss reference calculation to transmit the SRS resource.

	Nokia [9]
	Do not support CSI-RS as a DL pathloss reference for neighboring cells for the purpose of power control.
	
	
	

	Sony [10]
	
	
	The pathloss estimation for the purpose of UL SRS power control is determined based on the selected M neighbor cell(s) to support multi-lateration operation.

The value of N additional pathloss estimates across all SRS resource sets for positioning shall consider the number of target neighbor cells for SRS reception.
	

	Qualcomm [14]
	No need to introduce CSI-RS for RRM as path-loss/spatial-relation or QCL-Type-D reference in NR Rel-16.
	
	A UE does not expect to simultaneously maintain more than N distinct pathloss estimates across all SRS resource sets for positioning which are different from the up to four pathloss estimates per serving cell the UE maintains for PUSCH/PUCCH and other SRS transmissions, 
•	where N is a UE capability taking the values N={0,1,2,4,8,16}
	

	Ericsson [15]
	Configure CSI-RS as pathloss reference or spatial relation info signal.
	
	The value of N referring to additional simultaneous pathloss references can be up to 4
	



Open Issue #7c:  Use of CSI-RS as pathloss reference
	-	CSI-RS for RRM as pathloss reference for serving TRP is supported by 3 companies.
- for serving TRP: OPPO, Huawei, Ericsson
- for neighbour TRPs: Huawei, Ericsson
	-	CSI-RS for RRM as pathloss reference is not supported by 5 companies (ZTE, MediaTek, Intel, Nokia, Qualcomm )

Proposal 7:

· For the purpose of SRS for positioning power control, support configuring CSI-RS resources for RRM from the serving and neighboring TRPs as pathloss reference.



Open Issues #7e:  DL RS TX Power indication.
Proposal 8:
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE as part of the UL-SRS for positioning configuration for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· NOTE: Already agreed at RAN1#98bis, but currently not captured in UL-PRS parameter list
· If the DL reference signal to be used as DL path loss reference is a CSI-RS for RRM, provide the transmit power of the indicated CSI-RS for RRM.

NOTE: The time/frequency occupancy proposals are discussed in section 2c.

Open Issue #8:  Number of distinct pathloss references that a UE can simultaneously maintain.
	-	N=4 per serving cell (i.e., up to 4×32): Huawei 
-	N=4: vivo, Ericsson
	- 	N=2×number of configured neighbour TRPs: CATT
	-	N=8: Intel
	-	N=16: Qualcomm
	- 	N should be a UE capability: Intel, Qualcomm

Proposal 9:

A UE does not expect to simultaneously maintain more than N distinct pathloss estimates across all SRS resource sets for positioning which are different from the up to four pathloss estimates per serving cell the UE maintains for PUSCH/PUCCH and other SRS transmissions, where N can be up to 16 per UE.  

N is a UE capability and can take the values N={?, ?, 16}.



Submitted Proposals:
	Category
	Proposal
	Company

	
	Before path-loss RS configuration to the UE, UE may report the measurable SSB indexes from neighbour cells. The path-loss RS is then selected from the pool of reported SSB indexes.
	MediaTek [5]

	
	With multiple pathloss reference, following Alts can be considered for UE transmission power 
•	Alt1: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the weakest link. Then UE transmits based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier.
•	Alt2: UE measures signal strength, e.g., pathloss from multiple TRPs/gNBs and identifies the average link quality. Then UE transmits based on the average link quality as long as it is lower than the maximum allowed transmit power per carrier.
	Samsung [12]




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)



Agreements from RAN1#98bis:

	· For positioning purposes, for UL Beam management/alignment towards serving cell, support configuration of a spatial relation between a reference DL RS from serving cell and the target SRS for positioning. The Reference DL RS that can be used are SSB, CSI-RS (NZP-CSI-RS-ResourceId), or DL-PRS for positioning.
· For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or DL-PRS.
· FFS: CSI-RS for RRM as the reference DL RS




	For each SRS resource for positioning, only a single RS resource for spatial relation can be provided per resource.

Support configuration of a spatial relation between two SRS resources for positioning.




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

	OPPO [1]
	
	To apply fixed Tx beam across UL SRS resources, support Alt1 to configure same spatial relation to those UL SRS resources
	

	Huawei [2]
	Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
- Maximum number of configured SSB frequency layers associated with each SRS resource set for positioning is N=4.

To facilitate UE to search for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS, following fields are indicated to the UE at each SSB frequency layer: 
- ssbFrequency, 
- ssbSubcarrierSpacing, 
- smtc1, 
- deriveSSB-IndexFromCell.

To indicate an SSB resource as a pathlossReferenceRS or a spatialRelationInfoRS in each configured SSB frequency layer, following fields are provided to the UE in SRS for positioning RRC configuration:
- An index that uniquely identifies the SSB frequency layer
- SSB index
- Physical Cell ID 
- ss-PBCH-BlockPower (only when SSB is used as a pathlossReferenceRS)

To indicate DL PRS as a pathlossReferenceRS or a spatialRelationInfoRS, following fields are provided to the UE:
- DL-PRSConfigId,
- PRS resource set index,
- PRS resource index.

Support indicating a configured SRS resource in any BWP of any serving cell as the spatialRelationInfoRS for a SRS resource for positioning.

Similar to Rel. 15, to indicate SRS as spatialRelationInfoRS, following fields are provided to the UE:
- Rel. 15 SRS resource ID or Rel. 16 Positioning SRS resource ID 
- UL BWP ID
- Serving cell ID

Similar to Rel. 15, to indicate NZP-CSI-RS as spatialRelationInfoRS for positioning SRS targeting a serving cell, following fields are provided to the UE:
- Serving cell ID
- NZP-CSI-RS-ResourceId

Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.

To indicate a CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfoRS, following fields are provided to the UE:
- Measurement object ID (measObjectId)
- Physical Cell ID 
- CSI-RS-Index
- Transmit power (only when the CSI-RS resource for RRM is used as a pathlossReferenceRS)
	
	

	ZTE [3]
	For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support CSI-RS for RRM as the reference DL RS in spatial relation configuration.
	
	

	Intel [7]
	Do not support CSI-RS for RRM as a QCL source, pathloss reference and as a part of spatial relation info in Rel.16 NR positioning
	
	

	LGE [8]
	
	SRS resource ID and TP can be indicated to the UE so that the UE uses TX beam used to send the SRS resource ID as a RX beam to receive PRS resource(s) transmitted from the indicated TP.
	

	Nokia [9]
	Do not support CSI-RS from neighbor cell as spatial relation for a target SRS for positioning.
	
	Support gNB RX beam sweeping during transmission of SRS for positioning including LMF request of number of SRS repeated transmissions.

	Sony [10]
	Spatial relation between CSI-RS for RRM from neighboring cells and the target SRS for positioning is not supported in Rel.16.
	
	

	Futurewei [11]
	CSI-RS for RRM as the reference DL RS for UL beam alignment is supported.
	
	

	Qualcomm [14]
	Clarify that the signaling of the time/frequency occupancy of the SSB is required whenever the DL-PRS-QCL-Info points to an SSB from a neighboring TRP. The required parameters that need to be specified for providing the time/frequency occupancy of an SSB are the following: 
•	ssbFrequency with values: ARFCN-ValueNR
•	halfFrameIndex with values: 0 or 1
•	SSB-periodicity with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
•	SSB-positiongIBurst with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
•	SSB-caseNumber with values {A,B,C,D,E}
•	SFN-SSB_Offset with values {0,1,2,…15}

No need to introduce CSI-RS for RRM as path-loss/spatial-relation or QCL-Type-D reference in NR Rel-16.
	For positioning purposes, and if the UE transmits SRS resources for positioning without spatialRelationInfo configured, the UE may inform the LMF in the measurement report, whether the same Tx beam was used for the transmission of the SRS resources. 
	

	Ericsson [15]
	Configure CSI-RS as pathloss reference or spatial relation info signal.

Configure CSI-RS for RRM as reference DL RS for UL beam alignment.
	
	



Open Issue #9i:  Use of CSI-RS as spatial relation.
	-	CSI-RS for RRM as spatial relation is supported by 4 companies (Huawei, ZTE, Futurewei, Ericsson)
	-	CSI-RS for RRM as spatial relation is not supported by 4 companies (Intel, Nokia, Sony, Qualcomm)

Proposal 10:
For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or CSI-RS for RRM or DL-PRS.

Open Issue #7a,b,d and #8f,g,h,j: Time/frequency occupancy of SSB/DL-PRS/CSI-RS/UL-PRS
Proposal 11:
If the spatialRelationInfo or pathlossReferenceRS indicates an SSB, the following parameter of the SSB are provided in the UL-PRS configuration:
· Physical Cell ID 
· An index that uniquely identifies the SSB frequency layer
· SSB index
· ssbFrequency, 
· ssbSubcarrierSpacing, 
· smtc1, 
· deriveSSB-IndexFromCell.

Proposal 12:
If the spatialRelationInfo or pathlossReferenceRS indicates a DL-PRS, the following parameter of the DL-PRS are provided in the UL-PRS configuration:
· TRP-ID
· DL-PRS-ResourceSetId
· DL-PRS-ResourceId


Proposal 13:
If the spatialRelationInfo or pathlossReferenceRS indicates a CSI-RS for RRM, the following parameter of the CSI-RS for RRM are provided in the UL-PRS configuration:
· Measurement object ID (measObjectId)
· Physical Cell ID 
· CSI-RS-Index

Proposal 14:
If the spatialRelationInfo indicates a SRS resource, the following parameter of the SRS/UL-PRS are provided in the UL-PRS configuration:
· Rel-15 SRS-ResourceId or Rel-16 Positioning SRS-ResourceId
· UL BWP ID
· Serving cell ID


Open Issue #10:  UE (fixed) TX beam selection for UL SRS for positioning transmissions across multiple UL SRS for positioning Resources.
Proposal 15:
· To apply a fixed UE TX beam across UL SRS for positioning resources, the NW may configure the same spatial relation to those UL SRS for positioning resources.
· If the UE transmits SRS resources for positioning without spatialRelationInfo configured, the UE may inform the NW in the measurement report, whether the same Tx beam was used for the transmission of the SRS resources for positioning.
[bookmark: _Hlk21798231]


2d. 	Bandwidth part operation
Agreements from RAN1#98bis:

	The SRS for positioning purposes is transmitted within the active UL BWP of the UE.







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

	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 [9]

	UE specific DL‑PRS
	UE-specific DL PRS resources can be provided to the UE(s) in addition to the cell-specific DL PRS resources.
On supporting DL & UL based positioning measurements, a timing relationship between DL and UL positioning reference signals shall be provided.
	Sony [10]

	
	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]

	
	The UE’s cell information at the location server 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 [8]



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

	
	UE can provide assistance information (i.e UE measurement reports) for the target SRS resource allocation for positioning.
	Sony [10]



3d.	Measurement/reporting related aspects
3c.	Beam management aspects
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