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Discussion and decision
1 Introduction

This is the email discussion report on below email discussion:

· [108#85][NR/Pos] Running CR to 36.355 (Intel)
RAN1 parameters part to be complete by 2020-01-23.  Further aspects can be developed until the next meeting deadline.


Intended outcome: Agreeable CR to next meeting.


Deadline:  Thursday 2020-02-13 

The email discussion is split into 2 parts:

Part 1: capability for NR positioning; Deadline 2020-01-23

Part 2: Running CR to 36.355; Phase 1 2020-01-23;

This is part 1, UE capability on NR positioning. 

In [1] [2], some UE capabilities are listed for rel-16 NR positioning. The intention of this email discussion is to collect company views on what capabilities are needed from RAN2 perspective on top of RAN1 feature lists.  

[1] R2-1914731
UE capability on positioning
Intel Corporation 

[2] R2-1915652
LPP, RRC and UE Rx-Tx Aspects of NR RAT dependent positioning
Ericsson

2 Discussion

Companies are invited to provide your views on what capabilities are needed from RAN2 perspective on top of RAN1 feature lists:

	Company
	Capabilities

	Intel
	Positioning mode for DL AOD/DL TDOA- UE based or UE assisted;

Support of periodic report or not;

Supported frequency list;

	Qualcomm
	Supported positioning methods (DL-TDOA, DL-AoD, Multi-RTT, NR-ECID, UL-TDOA/AoA)

DL-TDOA:

· DL-PRS capabilities for RSTD measurements (according to RAN1) 

· Support for RSTD measurements for DL-PRS only TRPs (PRS-based TBS)

· Additional path reporting for RSTD (TBD)

· Reporting of motion measurements (TBD)
· DL-PRS capabilities for RSRP measurements (according to RAN1) (absence means RSRP for DL-TDOA is not supported)

· Capability to report the use of fixed RX beam for RSRP for DL-TDOA

· Positioning mode (UE-assisted, UE-based)

· Support for periodic reporting (per positioning mode)

DL-AoD:

· DL-PRS capabilities for RSRP measurements (according to RAN1)

· Capability to report the use of fixed RX beam for RSRP for DL-AoD

· Positioning mode (UE-assisted, UE-based)

· Support for periodic reporting (per positioning mode)

Multi-RTT:

· DL-PRS capabilities for UE RxTx Time Difference measurements (according to RAN1)

· Additional path reporting for UE RxTx Time Difference (TBD)

· DL-PRS capabilities for RSRP measurements (according to RAN1) (absence means RSRP for Multi-RTT is not supported)

· Capability to report the use of fixed RX beam for RSRP for Multi-RTT

· UL-PRS (SRS) capabilities for Multi-RTT (according to RAN1)

· Positioning mode (UE-assisted)

· Support for periodic reporting

NR-ECID:

· Support of NR E-CID measurements (ssb-rsrp, ssb-rsrq, csi-rsrp, csi-rsrq)

· Support for periodic reporting

· Support for triggered reporting

UL-TDOA/AoA:

· UL-PRS (SRS) capabilities for UL-TDOA/AoA (according to RAN1)

	CATT
	UE Capabilities reported to LMF based on the Positioning methods(DL-TDOA, DL-AoD, Multi-RTT, UL-only, E-CID)

· DL-TDOA-ProvideCapabilities
· otdoa-Mode
· ue-assisted
· periodicalReporting
· DL-PRS-Config-Capabilities(the PRS signals capabilities required from RAN1)
· e.g. NumPositioningFrequencyLayers[1,4]

· RSRP-Capabilities(only about RSPR measurement from RAN1)
· FFS in RAN1
· RSTD-Capabilities(only about RSTD measurement from RAN1)
· e.g. NumDL-PRS-RSTD-MeasurementsPerTRPPair[M=4]
· DL-AoD-ProvideCapabilities
· otdoa-Mode

· ue-assisted
· periodicalReporting
· DL-PRS-Config-Capabilities(the PRS signals capabilities required from RAN1)
· RSRP-Capabilities(from RAN1)
· NumDL-PRS-RSRPMeasurementsPerTRP[N=8]
· Multi-RTT-ProvideCapabilities
· periodicalReporting
· DL-PRS-Config-Capabilities(the PRS signals capabilities required from RAN1)
· UL-SRS-Config-Capabilities(the Positioning SRS signals capabilities required from RAN1)
· e.g. NumOfUL-PositioningResourcesPerSet

· TotalNumOfUL-PositioningResources[64]

· TotalNumOfUL-PositioningResourceSets

· RSRP-Capabilities
· NumDL-PRS-RSRPMeasurementsPerTRP[N=8]
· Rx-Tx time difference-Capabilities
· UL-Only-ProvideCapabilities
· UL-SRS-Config-Capabilities(the Positioning SRS signals capabilities required from RAN1)

· E-CID-ProvideCapabilities
· Measurement capabilities
· periodicalReporting


	ZTE
	The capability on positioning method(s) including  DL TDOA, DL AOD, Multi-RTT, UL-only, NR E-CID.
The capability on positioning mode including UE based and UE assisted for each of DL TDOA, DL AOD.

The capability on reporting mode including periodic and triggered reporting

	Huawei
	Support capability is provided for each RAT-dependent positioning technique

· DL-TDOA

· Mode

· Support of PRS-RSRP report associated with RSTD

· Supported band list

· Support of peridiodic reporting

· Support of triggered report (based on the existing event) 

· Simultaneous PRS processing of NR-PRS and LTE-PRS (separate RSTD)
· RAN1 UE capabilities for DL-PRS and RSTD/RSRP measurements

· DL-AoD

· Mode
· Support of fixed Rx beam measurement for a TRP
· Supported band list

· Support of periodic reporting

· Support of triggered report (based on the existing event)

· Simultaneous PRS processing of NR-PRS and LTE-PRS (OTDOA)

· RAN1 UE capabilities for DL-PRS and RSRP measurements

· Multi-RTT

· Mode (UE-assisted only for this release)

· Support of PRS-RSRP report associated with UE Rx – Tx time difference

· Supported band list

· Support of peridiodic reporting

· [Support of triggered report (based on the existing event)]

· Simultaneous PRS processing of NR-PRS and LTE-PRS (OTDOA)

· RAN1 UE capabilities for DL-PRS and UE Rx – Tx time difference/RSRP measurements

· [RAN1 UE capabilities for SRS for positioning] 

· [UL CC list]

· Support of inter-band UE Rx – Tx time difference (inter-freqeuncy covered by RAN1 UE capability)

· E-CID

· Suppported measurements for report (SS-RSRP/RSRQ, CSI-RSRP/RSRQ…)

· Support of periodic reporting

· Support of triggered report (based on the existing event)

· UL positioning

· [RAN1 UE capabilities for SRS for positioning] 

· [UL CC list]

	Ericsson
	NR Positioning

The capabilities should reflect the measurements, reporting and calculation capabilities of the device as a baseline. With a generic approach, this does not need to become overly complex. However, even if some reports stem from the same fundamental measurement such as the DL PRS TOA, there can still be a need for different capabilities when it comes to translating this into a report. In this case, TOA of a resource/resource set/TRP can be reported in relation to two different time references, either TOA of a reference, or an uplink transmission time instant, which then could correspond to different capabilities. Furthermore, the ability to report additional paths can be in common, since this ability is associated with the DL PRS TOA itself. Another separate capability is associated to the ability to report DL PRS RSRP.

For UE-based, the capability can be separated into two capabilities for location+RTD and location+beam info respectively.

Furthermore, the existing capabilities from LTE for periodic reporting, triggered reporting, motion measurements, inter-frequency measurements and idle mode measurements should be considered for NR positioning as well.
The NR positioning capabilities of Rel. 16 can be summarized as

· rsrpReporting-r16 



ENUMERATED { supported }

OPTIONAL,
· rstdReporting-r16 



ENUMERATED { supported }

OPTIONAL,
· ueRxTxReporting-r16 


ENUMERATED { supported }

OPTIONAL,
· additionalPathsReport-r16 

ENUMERATED { supported }

OPTIONAL,
· periodicalReporting-r16


PositioningModes



OPTIONAL,
· interFreqMeasurement-r16

ENUMERATED { supported }

OPTIONAL,
· idleStateForMeasurements-r16
ENUMERATED { required }


OPTIONAL,
· motionMeasurements-r16


ENUMERATED { supported }

OPTIONAL,
· uebLocRtd-r16
 



ENUMERATED { supported }

OPTIONAL,
· uebLocBeam-r16
 



ENUMERATED { supported }

OPTIONAL,
FFS if a capability associated to the support of the Rel. 16 UL SRS, or if an RRC capability is enough.

NR E-CID

Essentially the same set of capabilities as for LTE E-CID can be considered, but reflecting the NR E-CID measurements. Furthermore, capabilities for periodic reporting, triggered reporting and idle state for measurements could be added as well, just as for LTE.
· ecid-MeasSupported-r16          BIT STRING { ssb-rsrp

 (0),

· 









     ssb-rsrq

 (1),

· 









     csi-rsrp

 (2),

· 









     csi-rsrq

 (3) (SIZE(1..8)),

· periodicalReporting-r16


ENUMERATED { supported }

OPTIONAL,

· triggeredReporting-r16


ENUMERATED { supported }

OPTIONAL,

· idleStateForMeasurements-r16
ENUMERATED { required }


OPTIONAL



6 companies provided inputs in this email discussion.  Rapporteur only listed RAN2 related capabilities as below since this email discussion is to identify RAN2 related capabilities, and will not address the capabilities those are under RAN1 discussion. 
· Periodical/triggered reporting: All companies agreed;
· Positioning mode (UE based/assisted): All companies agreed;

· Supported Freq lists: 2 companies

· Motion measurement; 1 company

·  IDLE mode measurement: 1 company

Based on companies’ inputs, following capabilities are needed from RAN2 perspective:
DL-TDOA, DL-AoD: positioning mode (UE based or UE assisted);

DL-TDOA, DL-AoD, NR E-CID, Multi-RTT: Support of periodical Reporting;

NR ECID: Support of triggered Reporting;

Proposal 1. For RAT dependent positioning method, introduce following RAN2 related NR positioning capabilities:
DL-TDOA, DL-AoD: positioning mode (UE based or UE assisted);
DL-TDOA, DL-AoD, NR E-CID, Multi-RTT: Support of periodical Reporting;
NR ECID: Support of triggered Reporting;

To support the measurements on different frequencies, the LMF has to know which freq the UE can support. Therefore Support frequency list is needed;
Proposal 2. For RAT dependent positioning method, ask RAN2 to confirm the need of “supported freqs list”;
For motion measurement and IDLE measurement, there is no clear RAN2 agreement on whether they are supported in NR positioning. Further discussion is needed;
Proposal 3. TO discuss whether motion measurement and IDLE mode measurement are supported in NR positioning. 
3 Conclusion

The followings are proposed:

A) a potential easy agreement
Proposal 1.
For RAT dependent positioning method, introduce following RAN2 related NR positioning capabilities:
DL-TDOA, DL-AoD: positioning mode (UE based or UE assisted);
DL-TDOA, DL-AoD, NR E-CID, Multi-RTT: Support of periodical Reporting;
NR ECID: Support of triggered Reporting;
Proposal 2.
For RAT dependent positioning method, ask RAN2 to confirm the need of “supported freqs list”;
B) need further discussion

Proposal 3.
TO discuss whether motion measurement and IDLE mode measurement are supported in NR positioning.
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5 Annex

Capabilities listed in [1]:

	Positioning techniques
	Assistance data
	UE measurements
	UE capabilities in LPP
	Remark

	DL-TDOA
	Rel.16 DL PRS
	DL RSTD, DL PRS RSRP
	NR-DL-PRS-Meas-Capability (Covered in RAN1)

numDL-PRS-RSTD-MeasurementsPerTRPPair (covered in RAN1)

dl-TDOA-Mode (UE based or UE assisted)

interFreqRSTDmeasurement (covered by RAN1)

prsrsrpSup; (Covered in RAN1)
rstdSup(Covered in RAN1)
	

	DL-AoD
	Rel.16 DL PRS
	DL PRS RSRP
	NR-DL-PRS-Meas-Capability (Covered in RAN1)

dl-AoD-Mode (UE based or UE assisted)


	No need to indicate whether the UE support prsrsrpSup if we have separate method definition in stage 3;

	Multi-RTT
	Rel.16 DL PRS
	DL PRS RSRP, UE Rx-Tx time difference
	NR-DL-PRS-Meas-Capability (Covered in RAN1)

prsrsrpSup; (Covered in RAN1)
ueRxTxSup(Covered in RAN1)
	

	E-CID
	None from LPP
	SS-RSRP, 

SS-RSRQ, 

CSI-RSRP, 

CSI-RSRQ, 

SS-RSRPB
	ssrsrpSup(Covered in RAN1)
ssrsrqSup(Covered in RAN1)
csirsrpSup(Covered in RAN1)
csirsrqSup(Covered in RAN1)
ssrsrpbSup(Covered in RAN1)
	


Capabilities listed in [2]:

NR-PosMeas-ProvideCapabilities-r16 ::= SEQUENCE {


rsrpReporting-r16 



ENUMERATED { supported }

OPTIONAL,


rstdReporting-r16 



ENUMERATED { supported }

OPTIONAL,


ueRxTxReporting-r16 


ENUMERATED { supported }

OPTIONAL,


fineTimeStamp-r16



ENUMERATED { supported }

OPTIONAL,


additionalPathsReport-r16 

ENUMERATED { supported }

OPTIONAL,


periodicalReporting-r16


PositioningModes



OPTIONAL,


idleStateForMeasurements-r16
ENUMERATED { required }


OPTIONAL,

motionMeasurements-r16


ENUMERATED { supported }

OPTIONAL,


uebLocRtd-r16
 



ENUMERATED { supported }

OPTIONAL,


uebLocBeam-r16
 



ENUMERATED { supported }

OPTIONAL,


...

}

RAN1 feature lists

	13. NR DL positioning
	13-1
	DL PRS RSRP Measurement and Reporting
	1. Max # of positioning frequency layers supported by UE for DL PRS RSRP measurement and report Values = {1,4}, other values are FFS

2. Max # of DL PRS Resource Sets per TRP per frequency layer supported by UE for DL PRS RSRP measurement and report. Values = {1,2}

3. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL PRS RSRP measurement and report

Values are FFS

4. Max # of DL PRS Resources supported by UE for DL PRS RSRP measurement and report (A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined)

Values are FFS

5. Max number of TRPs across all positioning frequency layers per UE for DL PRS RSRP measurement and report. Values are FFS
6. Max number of DL PRS Resources per positioning frequency layer for DL PRS RSRP measurement and report. Values are FFS
7. Support of inter-frequency DL PRS RSRP measurement and report

Support of DL PRS RSRP measurement quality metric
	
	
	N/A
	
	[

#1 – per UE (FFS FR1/FR2 differentiation)

#2 – per UE (FFS FR1/FR2 differentiation)

#3 – per UE (FFS FR1/FR2 differentiation)

#4 – per UE (FFS FR1/FR2 differentiation)

#5 – per UE (FFS FR1/FR2 differentiation)

#6 – per UE (FFS FR1/FR2 differentiation)

#7 – per UE

#8 – per UE

]


	No
	TBD
	
	
	Optional with capability signaling

	
	13-2
	DL PRS RSTD Measurement and Reporting
	1. Max # of positioning frequency layers supported by UE for DL PRS RSTD measurement and report Values = {1,4}, other values are FFS

2. Max # of DL PRS Resource Sets per TRP supported by UE for DL PRS RSTD measurement and report. Values = {1,2}

3. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL PRS RSTD measurement and report. Values are FFS

4. Max # of DL PRS Resources supported by UE for DL PRS RSTD measurement and report (A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined). Values are FFS

5. Max number of TRPs across all positioning frequency layers per UE for DL PRS RSTD measurement and report. Values are FFS
6. Max number of DL PRS Resources per positioning frequency layer for DL PRS RSTD measurement and report. Values are FFS
7. Support of inter-frequency DL PRS RSTD measurement and report

Support of DL PRS RSTD measurement quality metric
	13-1
	
	N/A
	
	[

#1 – per UE (FFS FR1/FR2 differentiation)

#2 – per UE (FFS FR1/FR2 differentiation)

#3 – per UE (FFS FR1/FR2 differentiation)

#4 – per UE (FFS FR1/FR2 differentiation)

#5 – per UE (FFS FR1/FR2 differentiation)

#6 – per UE (FFS FR1/FR2 differentiation)

#7 – per UE

#8 – per UE

]
	No
	NA
	
	
	Optional with capability signaling

	
	13-3
	DL SSB RRM measurements for NR Positioning
	Prerequisite – support of SSB measurements for RRM (SS-RSRP, SS-RSRQ, SS-RSRPB) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of SSB RRM measurements (SS-RSRP, SS-RSRQ, SS-RSRPB) based on Rel.15 for NR Positioning in Rel.16
	
	
	N/A
	
	
	No
	NA
	
	
	Optional with capability signaling

	
	13-4
	CSI-RS RRM measurements for NR Positioning
	Prerequisite – support CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) for NR Positioning in Rel.16
	
	
	N/A
	
	
	No
	NA
	
	
	

	
	13-5
	UE Based Positioning
	TBD specific content in RAN2 WG

Estimation of location coordinate at UE side and support of corresponding signaling for DL PRS configuration / measurements
	13-2
	
	N/A
	
	[per UE]
	No
	NA
	
	
	Optional with capability signaling

	13a. NR UL positioning
	13a-1
	Transmission of SRS for NR positioning
	1.  Max # of SRS Resource Sets for positioning supported by UE

2. Max # of SRS Resources for positioning supported by UE across all SRS Resource Sets per BWP

3. Support of SSB for neighbor cell DL pathloss estimation and SRS for positioning OLPC

4. Support of DL PRS for neighbor cell DL pathloss estimation and SRS for positioning OLPC

5. Spatial Relation of SRS Resources for positioning with DL PRS

6. Spatial Relation of SRS Resources for positioning with SSB

7. Spatial Relation of SRS Resources for positioning with other SRS resources for positioning

8. Support of different SRS resource types for positioning (periodic, semi-persistent, aperiodic)


	
	
	N/A
	
	[

#1 – per UE

#2 – per UE

#3 – per UE

#4 – per UE

#5 – per UE

#6 – per UE

#7 – per UE

]
	No
	NA
	
	
	Optional with capability signaling

	13b. NR DL and UL positioning
	13b-1
	UE Rx-Tx Time Difference Measurement and Reporting
	1. Support of UE Rx-Tx time difference measurement with serving cell

2. Support of UE Rx-Tx time difference measurement with  neighbouring cells

3. Support of inter-frequency UE Rx-Tx time difference measurements 
	13-2

13a-1
	
	N/A
	
	[

#1 - per UE

#2 - FFS 

#3 - per UE

]
	No
	NA
	
	
	Optional with capability signaling

	13c. NR RAT Independent Positioning
	13c-1
	TBD in RAN2 WG
	[TBD in RAN2 WG]
	
	
	N/A
	
	
	No
	NA
	
	
	Optional with capability signaling


Not covered by [1]





