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1.1.1 NR positioning support
NR_pos-Core; WID in RP-191156. Please refer to the WID for detailed scoping
R1-1913209
Introduction of NR positioning support
Ericsson

R1-1913210
Introduction of NR positioning support
Nokia

R1-1913211
Introduction of NR positioning support
Intel Corporation
Note: the above draft CRs are already endorsed by email

R1-1913492
[DRAFT] LS on DL PRS processing with other DL signals and channels
Nokia

Final LS approved in R1-1913522 with the following modifications:

· The title is changed to “LS on agreements related to NR Positioning”
· Update the agreements by removing the FFS that have either been resolved or removed

· Add RAN2 and RAN3 to the “To” field.

· Include the agreement on SSB assistance data can be provided for an indicated SSB for DL PRS processing
1.1.1.1 DL Reference Signals for NR Positioning

R1-1911847
Discussion on DL Reference Signals for NR Positioning
OPPO

R1-1911896
Remaining issues on DL PRS for NR positioning
Huawei, HiSilicon

R1-1911936
Discussion on DL PRS for NR positioning
ZTE

R1-1912044
Remaining issues on DL RS design for NR positioning
vivo

R1-1912112
Downlink RS design for NR positioning
MediaTek Inc.

R1-1912137
DL Reference Signals for NR Positioning
BUPT

R1-1912144
DL Reference Signals for NR Positioning
CATT

R1-1912228
Resolution of remaining opens for NR positioning DL PRS design
Intel Corporation

R1-1912272
Discussion on DL Reference Signals for NR Positioning
LG Electronics

R1-1912292
Views on DL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1912360
Remaining issues on DL PRS design for NR Positioning
Sony

R1-1912490
DL Reference Signals for NR Positioning
Samsung

R1-1912548
Discussion on DL PRS design
CMCC

R1-1912836
Views on DL reference signal designs for NR positioning
Mitsubishi Electric Corp

R1-1912973
Remaining Details on DL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1913135
DL Reference Signals for NR Positioning
Ericsson
R1-1913285
Feature Lead Summary #1 on AI 7.2.10.1 - DL Reference Signals for NR Positioning
Intel Corporation

R1-1913473
Feature Lead Summary #2 on AI 7.2.10.1 - DL Reference Signals for NR Positioning
Intel Corporation

Agreement:
For DL PRS sequence initialization cinit is defined as follows:
[image: image1.emf]
· where the parameter a = 2^22 and n_id has a range of 0~4095

Agreement:
All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB
Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Agreement:
· Configured DL PRS are transmitted on DL symbols of a slot configured by higher layers

· Configured DL PRS are transmitted on symbols of slot configured as flexible symbols by higher layers

· If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS Resources on serving or neighboring cells on symbols indicated as UL by the serving cell
Agreement:
UE can be configured with any of the following combinations of DL PRS muting options from the prior agreement
· Option 1 only

· Option 2 only

· Option 1 and Option 2 
· If both options are configured, the logical AND operation is applied, i.e. for each bit from the Option 1 bitmap, the logical AND is applied to all bits of Option 2 bitmap
Conclusion:

The parameter DL-PRS-ResourceType is not introduced in Rel-16
Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability
Agreement:
· Configuration of 12 symbols for DL PRS Resource is supported. 
· Configuration of CombSize-12 for DL PRS Resource is supported
· At most one pattern is to be supported for each agreed pair of number of symbols and combSize

· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:

	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}


Agreement:
· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize. 
· Parent IE for DL PRS combSize is up to RAN2
Agreement:
The following periodicity values of DL PRS resource allocation are supported depending on SCS

·  [image: image3.png]o



{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots, µ = 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively

Agreement:
· UE assumes constant EPRE for all REs of a given DL PRS Resource
· DL PRS Resource TX power value range is the same as for SSB
1.1.1.2 UL Reference Signals for NR Positioning

R1-1911848
Discussion on UL Reference Signals for NR Positioning
OPPO

R1-1911897
Remaining issues on SRS for NR positioning
Huawei, HiSilicon

R1-1911937
Discussion on UL SRS for positioning
ZTE

R1-1912045
Remaining issues on  UL RS design for NR positioning
vivo

R1-1912113
Uplink RS design for NR positioning
MediaTek Inc.

R1-1912145
UL Reference Signals for NR Positioning
CATT

R1-1912229
Resolution of remaining opens for NR positioning UL PRS design
Intel Corporation

R1-1912273
Discussion on UL Reference Signals for NR Positioning
LG Electronics

R1-1912293
Views on UL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1912361
Remaining issues on UL PRS design for NR Positioning
Sony

R1-1912491
UL Reference Signals for NR Positioning
Samsung

R1-1912837
Views on UL reference signal designs for NR positioning
Mitsubishi Electric Corp

R1-1912974
Remaining Details on UL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1913101
Remaining details on SRS enhancements for positioning
Fraunhofer IIS, Fraunhofer HHI

R1-1913136
UL Reference Signals for NR Positioning
Ericsson
R1-1913435
Session notes on offline discussion 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson
R1-1913507
Session notes #2 on offline discussion 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson
Agreement:
The Rel-15 aperiodic SRS framework is supported for SRS for positioning.  Transmission of aperiodic SRS for positioning is a UE capability. There is no impact on DCI design.

Agreement:
For each pair of comb size and number of symbols of SRS, there is one single RE pattern. The patterns in the table below are selected
	Number of symbols /

Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3}, 
	{0,2,1,3, 0,2,1,3} 


	{0,2,1,3, 0,2,1,3, 0,2,1,3}



	8
	N/A
	N/A
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}  
	{0,4,2,6,1,5,3,7,0,4,2,6}


Agreement:
Reuse release 15 sequence initialization for the UL SRS for positioning. The number of bits for the RRC parameter sequence ID is increased to 16.

Agreement:
Frequency hopping of SRS for positioning is not supported in Rel-16
Agreement:
Only a single port is used for SRS for positioning in Rel-16

Agreement:
The maximum number of SRS resources per set for positioning is 16
Agreement:
The maximum number of supported SRS resource sets for positioning is a UE capability, with configurability of up to 16 resource sets per BWP.

· Values for the UE capability include {1 ,16}. Other values FFS

Agreement:
The SRS collision rules for Rel-15 are reused for Rel-16 for SRS for positioning

Agreement:
If the SRS for positioning collides with PUSCH, the SRS is dropped in the symbols where the collision occurs.

· Note: The phase continuity between transmitted symbols on either side of a transmission gap may not be maintained

Agreement:
The union of periodicities (and associated slot offsets) supported for NR SRS Rel-15 and the NR DL-PRS Rel-16 is supported for SRS for positioning in Rel-16.

Agreement:
RAN1 assumes that a new IE is configured for SRS for positioning in RRC signalling.

Agreement:
Configuration of SRS for positioning is per UL BWP
Agreement:
Support reuse of Rel-15 SRS resource set for NR UL RTOA, AoA and gNB RSRP measurements for positioning in NR.

· Note: There is no impact to specifications managed by RAN1

· Note: There is no impact to specifications managed by RAN4 for UE requirements

· Note: No new UE behaviour is expected

1.1.1.3 UE and gNB measurements for NR Positioning

R1-1912147
FL summary for 7.2.10.3 UE and gNB measurements for NR Positioning
CATT

R1-1911849
Discussion on Measurements for NR Positioning
OPPO

R1-1911898
Remaining issues on NR positioning measurements
Huawei, HiSilicon

R1-1911938
Discussion on measurements for NR positioning
ZTE

R1-1912046
Remaining issues on UE and gNB measurements for NR positioning
vivo

R1-1912114
Measurement and reporting design for NR positioning
MediaTek Inc.

R1-1912146
UE and gNB measurements for NR Positioning
CATT

R1-1912230
Remaining details of physical layer measurements for NR positioning
Intel Corporation

R1-1912274
Discussion on UE and gNB measurements for NR Positioning
LG Electronics

R1-1912294
Measurements for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1912362
Remaining issues on UE measurements for NR Positioning
Sony

R1-1912423
Remaining Issues for NR Positioning Measurements
Futurewei

R1-1912492
Discussion on UE and gNB measurements for NR Positioning
Samsung

R1-1912975
Remaining Details on UE and gNB measurements for NR Positioning
Qualcomm Incorporated

R1-1913137
UE and gNB measurements for NR Positioning
Ericsson
R1-1913447
Summary #2 of UE and gNB measurements for NR Positioning
CATT

Agreement:
Modify the previous agreement on the definition of the AoA (ϕ) and ZoA (θ) as follows:
· AoA (ϕ) and ZoA (θ) define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.

· The reference directions can be defined according to either one of the following options (both options are supported in specifications) 

· Option 1: 

· The reference directions are defined with respect to the Global Coordinate System (GCS) as follows: 

· For AoA, the geographical North, positive in a counter-clockwise direction.

· For ZoA, the zenith/vertical

· Note:  θ=0 pointing to the zenith and [image: image5.png]8 = 90°



 pointing to the horizon.

· Option 2: 

· For AoA and ZoA, tThe reference directions are defined is with respect to the Local Coordinate System (LCS) defined in TR 38.901 as follows:

· For AoA, the x-axis, positive in a counter-clockwise direction.

· For ZoA, the z-axis 

· Note: θ=0 pointing to the z-axis and [image: image7.png]90°



pointing to the x-y plane.

· The translation of the GCS to LCS uses the set of angles [image: image9.png]


 (bearing angle), [image: image11.png]


 (downtilt angle),  [image: image13.png]


 (slant angle) ,which are reported together with the AoA (ϕ) and ZoA (θ) in LCS.
Agreement:
UE can be configured for DL PRS processing according to the following table:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)


	X1=4


	Values = {1,4}

FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2


	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64


	FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA


	FFS: values


Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.
Agreement:
The maximum number of SRS resources for positioning across all SRS resource sets per BWP is 64.
Agreement:
The prior agreement is updated as given below:

UE can be configured to measure and report up to [M] DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability

· All the RSTD measurements in a single report should have a single reference timing

· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.

· M=[3] 4
Agreement:
The prior agreement is updated as given below:

UE can be configured to measure and report up to N=8  (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3] FFS: N is a UE capability
Agreement:
The ID (previously agreed for TRP) of the reference DL PRS Resource or DL PRS Resource set is provided in DL-PRS-RSTD-ReferenceInfo.
Agreement:
· Exclude SS-RSRPB from the list of UE RRM measurement for E-CID 

· Include this agreement in an LS to other RAN 2/4 WGs

Agreement:
Modify the previous agreement on the definition of the time stamp as follows:

A UE measurement can be associated with a time stamp. For UE RSTD, DL PRS RSRP and UE Rx-Tx time difference measurement report, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing. These values correspond to the reference provided by the DL-PRS-RstdReferenceInfo.

Agreement:
When reporting a gNB measurement (UL RTOA measurements, gNB Rx-Tx time difference, SRS RSRP, or UL AoA/ZoA), gNB can be requested to report the ID of DL PRS resource and the ID of the DL PRS resource set, or SSB Index, which is used to identify the Rx beam that is used for determining  the gNB measurements.
Agreement:
· The reporting granularity for the gNB angle measurements (AoA, ZOA) is defined as 0.1 degree. 

· RAN1 assumes that the details of the reporting granularity and ranges for the gNB angle measurements (AoA, ZoA) will be determined by RAN4.

· The reporting granularity for the set of angles [image: image15.png]


 (bearing angle), [image: image17.png]


 (downtilt angle) and [image: image19.png]


 (slant angle)  for the translation of the GCS to LCS is defined as 0.1 degree. 
· RAN1 assumes that the reporting granularity, the range of values and mapping for DL PRS RSRP and UL SRS RSRP measurements will be determined by RAN4
· Include above information in an LS to RAN2/RAN3/RAN4
Agreement:
· The reporting granularity for the UE/gNB timing measurements (DL RSTD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) is defined as [image: image21.png]


, where k is a configuration parameter with a minimum value of at most 0.
· Note: RAN4 can determine if -1 can be a minimum value
· RAN1 assumes that the details of the reporting granularity and ranges for the UE/gNB timing measurements (DL RTSD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) will be determined by RAN4, including the potential relation of the parameter k to DL PRS bandwidth.

· Include above information in an LS to RAN2/RAN3/RAN4

Agreement:
The quality metrics for both DL and UL timing based measurements have a resolution of {0.1m, 1m, 10m, 30m} and are reported with a 5-bit value field
Agreement:
The quality metrics for angular measurements (AoA and ZoA) in either LCS or GCS have a resolution of {0.1} deg and are reported with an 8-bit value field.

Agreement:
Confirm the working assumption from RAN1#98bis on reporting of multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning. The FFS item in the working assumption is removed.
Agreement:
A gNB measurement can be associated with a time stamp. For UL RTOA, UL SRS RSRP, AoA and gNB Rx-Tx time difference measurement report, the time stamp can include the SFN, as well as the slot number for a reported subcarrier spacing.

1.1.1.4 Necessity and details for physical-layer procedures to support UE/gNB measurements
R1-1911850
Discussion on Physical-layer procedures for NR Positioning
OPPO

R1-1911899
Remaining issues on physical layer procedures to support positioning measurements
Huawei, HiSilicon

R1-1911939
Discussion on physical layer procedure for NR positioning
ZTE

R1-1912047
Remaining issues on on physical-layer procedures for NR positioning
vivo

R1-1912115
Procedure design for NR positioning
MediaTek Inc.

R1-1912148
Physical-layer procedures to support UE/gNB measurements
CATT

R1-1912231
Remaining opens of physical layer procedures for NR positioning
Intel Corporation

R1-1912275
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

LG Electronics

R1-1912295
Views on Physical Layer Procedures for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1912363
Remaining issues on NR Positioning Physical Layer Procedures
Sony

R1-1912424
Remaining Issues for NR Positioning Procedures
Futurewei

R1-1912493
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

Samsung

R1-1912549
Discussion on physical-layer procedures to support NR positioning measurements
CMCC

R1-1912976
Remaining Details on Phy-layer procedures for NR Positioning
Qualcomm Incorporated

R1-1913138
Procedures for NR Positioning
Ericsson
R1-1913325
Summary #2 of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated

R1-1913504
Summary #3 of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated

Agreement:
The expected RSTD value is a single value defined as 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 uncertainty of the expected RSTD is
· When any of the resources used for the DL positioning measurement are in FR1: +/- 32 us

· When all of the resources used for the DL positioning measurement are in FR2: +/- 8 us

Agreement:
RRC signalling should be introduced for a UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.

Agreement:
In case 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 to the UE. Behaviour in FR1 is up to RAN4 to decide.

· Include this agreement in an LS to RAN4.

Conclusion:

For positioning purposes, use of CSI-RS for RRM as a source for QCL Type D for DL-PRS, is not supported

Agreement:
· 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.

Agreement:
· For DL-PRS processing, the following SSB assistance data can be provided for an indicated SSB:
· PCI of the cell 
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with the values: ServingCellConfigCommon IE.
· SSB-positionInBurst with values: of ServingCellConfigCommon IE.
· ssbSubcarrierSpacing with values: SubcarrierSpacing IE
· SFN-SSBoffset with values {0,1,2,…15}
· Working assumption: Smtc per SSB frequency layer with values: SSB-MTC IE 
· SSB Index
· The SSB index indicated for QCL Type D and QCL Type C for a DL-PRS resource should be the same
· Note: SSB frequency layer is determined by ssbFrequency and ssbSubcarrierSpacing
· 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 punctured by SSB.

· Note: The SSB-positionInBurst parameter is needed only for SSB puncturing.

· Note: The feasibility of the working assumption above can be assessed by RAN2 and RAN3.
Agreement:
· 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, if any, have been measured using the same Rx beam.
· Note: As previously agreed, 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. That is, 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).

Agreement:
· 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.
· The maximum value of N supported by a UE can be indicated as a UE capability and can take the values N = {0, 4, 8, 16}
Agreement:
· For SRS for positioning, if the spatialRelationInfo or pathlossReferenceRS indicates an SSB, the following information can be provided for the indicated SSB:
· PCI of the cell
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with values: ServingCellConfigCommon IE.
· ssbSubcarrierSpacing with values: SubcarrierSpacing IE
· SFN-SSBoffset with values: {0,1,2,…15}
· Smtc per SSB frequency layer with values : SSB-MTC 
· SFN0 Offset per physical cell ID: Time offset of the SFN0 slot0 of a given cell with respect to the serving Pcell.
· SSB Index
· SS-PBCH-BlockPower (at least when SSB is used as pathlossReferenceRS for an SRS)
· Note: SSB frequency layer is determined by ssbFrequency and ssbSubcarrierSpacing

· Note: RAN1 assumes that the above information is indicated in RRC
Agreement:
If the spatialRelationInfo or pathlossReferenceRS indicates a DL-PRS, the following parameter of the DL-PRS are provided in the UL-SRS for positioning configuration:
· The ID (previously agreed) that can be associated with multiple DL-PRS Resource Sets associated with a single TRP
· DL-PRS-ResourceSetId

· DL-PRS-ResourceId

Agreement:
If the spatialRelationInfo indicates an SRS resource, the following parameters for the SRS for positioning can be provided:
· Rel-15 SRS-ResourceId or Rel-16 Positioning SRS-ResourceId
· UL BWP ID

· Serving cell ID

1.1.1.5 Others

R1-1911900
Signaling between NG-RAN and 5GC to support NR positioning
Huawei, HiSilicon

R1-1912048
Discussion on UE Capabilities for NR Positioning
vivo

R1-1913139
DL PRS optimized for indoor industrial scenarios
Ericsson

