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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
R1-1911633
Draft LS on SRS for NR Positioning
Intel Corporation

Final LS approved in R1-1911634
R1-1911564
Update to the list of higher layer parameters for NR positioning
Intel Corporation
1.1.1.1 DL Reference Signals for NR Positioning

R1-1910033
DL PRS design for NR positioning
Huawei, HiSilicon

R1-1910121
Discussion on DL Reference Signals for NR Positioning
OPPO

R1-1910176
Discussion on DL positioning reference signal design
CMCC

R1-1910237
Discussion on DL RS for NR positioning
vivo

R1-1910318
DL Reference Signals for NR Positioning
CATT

R1-1910368
Discussion on DL PRS for NR positioning
ZTE Corporation

R1-1910501
DL Reference Signals for NR Positioning
Samsung

R1-1910586
Discussion on DL Reference Signals for NR Positioning
LG Electronics

R1-1910674
Remaining details of DL PRS design for NR positioning
Intel Corporation

R1-1910754
Considerations on DL Reference Signals for NR Positioning
Sony

R1-1910887
Views on DL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1910988
DL Reference Signals for NR Positioning
BUPT

R1-1911073
Downlink RS design for NR Positioning
MediaTek Inc.

R1-1911132
DL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1911190
DL Reference Signals for NR Positioning
NTT DOCOMO, INC.

R1-1911199
Views on DL reference signal designs for NR positioning
Mitsubishi Electric Co.

R1-1911228
DL reference signals for NR positioning
Ericsson

R1-1911432
Feature Lead Summary #1 on AI 7.2.10.1 - DL Reference Signals for NR Positioning
Intel Corporation
Agreement:
· Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.
· 4 PRB granularity is used for DL PRS BW configuration

· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs

· Minimum BW for DL PRS in PRBs is not less than 24 PRBs
Agreement:
The DL-PRS-Point A can take values given by ARFCN-ValueNR
Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have

· the same SCS and CP type

· the same centre frequency

· the same point-A (already agreed)
· FFS: details on configured BW
Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}

· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}

· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
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R1-1911541
Feature Lead Summary #2 on AI 7.2.10.1 - DL Reference Signals for NR Positioning
Intel Corporation

Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set

· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1

· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 

· Note: UE RX beam sweeping is up to UE implementation

Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.

· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap

· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)

· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.

· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE

Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.

· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource

· Name can be defined by RAN2

· Each TRP should only be associated with one such ID

Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set

· DL PRS Resource Set IDs are locally defined within TRP

· All DL PRS Resources of the DL PRS Resource Set have the same bandwidth

· A higher layer parameter, DL-PRS-SFN0-Offset, is configured

· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.

· FFS values

· A higher layer parameter, DL-PRS-ResourceSetSlotOffset, is configured

· Defines slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs)

· Values: {0,1,…, DL-PRS-Periodicity-1}

· The previously defined higher layer parameter, DL-PRS-RstdReferenceInfo, is used as a reference to determine the higher layer parameters, DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty
1.1.1.2 UL Reference Signals for NR Positioning

R1-1911343
SRS design for NR positioning
Huawei, HiSilicon

Revision of R1-1910034
R1-1910122
Discussion on UL Reference Signals for NR Positioning
OPPO

R1-1910238
Discussion on UL RS for NR positioning
vivo

R1-1910319
UL Reference Signals for NR Positioning
CATT

R1-1910369
Discussion on UL SRS for positioning
ZTE Corporation,Sanechips

R1-1910502
UL Reference Signals for NR Positioning
Samsung

R1-1910587
Discussion on UL Reference Signals for NR Positioning
LG Electronics

R1-1910675
Remaining details of UL PRS design for NR positioning
Intel Corporation

R1-1910755
Considerations on UL Reference Signals for NR Positioning
Sony

R1-1910888
Views on UL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1911074
Uplink RS design for NR Positioning
MediaTek Inc.

R1-1911133
UL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1911201
Views on UL reference signal designs for NR positioning
Mitsubishi Electric Co.

R1-1911207
Remaining Details on Uplink PRS Signal Design
Fraunhofer IIS, Fraunhofer HHI

R1-1911229
UL reference signals for NR positioning
Ericsson

R1-1911444
FL summary for 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson
Working assumption:
Frequency hopping of SRS for positioning is not supported
R1-1911567
Offline notes #2 for 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson

R1-1911640
Offline notes #3 for 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson
Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options

· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size

· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size

· Note: This does not preclude partial or full staggering which needs to be further discussed

Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:

	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

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

and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 

and/or {0,4,6,2,5,7,3,1}

	N/A


Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell

· The aperiodic SRS for positioning is triggered by a DCI

· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)

· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups

Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6
1.1.1.3 UE and gNB measurements for NR Positioning

R1-1910321
FL summary for 7.2.10.3 UE and gNB measurements for NR Positioning
CATT

R1-1910035
NR positioning measurements
Huawei, HiSilicon

R1-1910123
Discussion on Measurements for NR Positioning
OPPO

R1-1910239
Discussion on UE and gNB measurements for NR positioning
vivo

R1-1910320
UE and gNB measurements for NR Positioning
CATT

R1-1910370
Discussion on measurements for NR positioning
ZTE Corporation

R1-1910503
Discussion on UE and gNB measurements for NR Positioning
Samsung

R1-1910588
Discussion on UE and gNB measurements for NR Positioning
LG Electronics

R1-1910676
Remaining details of physical layer measurements for NR positioning
Intel Corporation

R1-1910694
Remaining Issues for NR Positioning Measurements
Futurewei

R1-1910756
UE measurements for NR Positioning
Sony

R1-1910889
Measurements for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1911075
Measurement and reporting design for NR Positioning
MediaTek Inc.

R1-1911134
UE and gNB measurements for NR Positioning
Qualcomm Incorporated

R1-1911230
UE and gNB measurements for NR positioning
Ericsson

R1-1911531
Summary #2 of UE and gNB measurements for NR Positioning
CATT

Conclusion:

RSTD measured between an E-UTRA cell and an NR cell is not supported in Rel-16
Working assumption:
A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers
· FFS: Reporting of SRS for positioning resource/resource set ID corresponding to a UE Rx-Tx time difference measurement

· Note: This agreement does not introduce any new behavior for the transmission of SRS for positioning.
Conclusion:

UE may select a subset of the DL PRS Resource/Resource sets configured by the network to perform and report requested measurements.
Agreement:
Support the same set of resolutions for the quality metrics of all UE/gNB timing measurements (DL PRS RSTD, UE Rx-Tx time difference, UL RTOA, and gNB Rx-Tx time difference)
Agreement:
The quality metrics for all UE/gNB timing measurements include at least the following fields

· Value: specifies the best estimate of the uncertainty of the measurement
· Resolution: specifies the resolution levels used in the Value field

· FFS: non-linear steps

· FFS: scaling factor

· FFS: NumSamples: specifies how many measurements used by UE/gNB to determine the MeasQuality

· FFS: whether the number of samples is controlled and configured by network

Agreement:
UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within

· Up to X1 positioning frequency layers

· FFS: X1

· Up to X2 TRPs per positioning frequency layer

· FFS: X2

· Up to X3 DL PRS resource sets per TRP

· FFS: X3

· Up to X4 DL PRS resources per PRS resource set

· FFS: X4
· FFS: X5
Agreement:
· UE can be configured to transmit up to Y1 SRS resources for positioning per SRS resource Set

· UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS resource Sets

· UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning

· FFS: Y1, Y2, Y3

· FFS: whether Y1 and/or Y2 and/or Y3 are per BWP or all BWPs 

Agreement:
A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.

· This limit can be signalled as a UE capability.

· FFS: the relationship of maximum numbers of DL PRS resources with the following factors

· the type of the measurement window, e.g., sliding window

· the maximum number of DL PRS OFDM symbols

· the maximum measurment bandwidths

Agreement:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements 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]

Agreement:
UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3]

Agreement:
A UE measurement can be associated with a time stamp. 
· For DL RSTD and RSRP measurements, the time stamp can include at least the SFN 

· FFS: SFN corresponds to the reference DL PRS resource or DL PRS resource sets (can be determined by the UE)
· For Rx-Tx measurements, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing 
· FFS: these values correspond to the reference DL PRS resource or DL PRS resource set (can be determined by the UE)
Agreement:
A DL PRS resource can be associated with one or more of the following in either GCS or LCS

· azimuth angle

· elevation angle

· Note: The details of the message (e.g., resolution, range,  etc.) can be defined in RAN3.

1.1.1.4 Necessity and details for physical-layer procedures to support UE/gNB measurements
R1-1910036
Physical layer procedure for NR positioning
Huawei, HiSilicon

R1-1910124
Discussion on Physical-layer procedures for NR Positioning
OPPO

R1-1910177
Discussion on physical-layer procedures to support NR positioning measurements
CMCC

R1-1910240
Discussion on physical-layer procedures for UE/gNB measurements
vivo

R1-1910322
Physical-layer procedures to support UE/gNB measurements
CATT

R1-1910371
Discussion on physical layer procedure for NR positioning
ZTE Corporation

R1-1910504
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

Samsung

R1-1910589
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

LG Electronics

R1-1910677
Remaining details of NR positioning physical layer procedures
Intel Corporation

R1-1910695
Remaining Issues for NR Positioning Procedures
Futurewei

R1-1910757
Physical-layer procedures to support NR positioning
Sony

R1-1910890
Views on Physical Layer Procedures for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1911076
Procedure design for NR Positioning
MediaTek Inc.

R1-1911135
Considerations on Phy-layer procedures for NR Positioning
Qualcomm Incorporated

R1-1911200
Views on physical-layer procedures for NR positioning
Mitsubishi Electric Co.

R1-1911231
Physical Layer procedures in NR positioning
Ericsson

R1-1911416
Summary of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated

R1-1911627
Summary #2 of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated


Agreement:
· 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.

· 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.

Agreement:
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.
· 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.
Agreement:
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.
Agreement:
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.

Agreement:
· 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.

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

Agreement:
· 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

Agreement:
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.

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

Agreement:
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

1.1.1.5 Others

R1-1910310
Discussion on positioning in idle/inactive states
vivo

R1-1910323
Network synchronization based on RAT-dependent signals
CATT

R1-1910393
Angle resolution and beam configuration related procedures for NR positioning
Huawei, HiSilicon

R1-1910678
Initial Discussion on UE Capabilities for NR Positioning WI
Intel Corporation

R1-1911232
On reusing the TRS for positioning purpose
Ericsson
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