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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
R1-1909794
Summary of Offline Discussion on DL/UL Reference Signals and Measurements for NR Positioning

Intel Corporation

Agreement:
Inform RAN2 of the following:

· It is RAN1 understanding that discussion on mapping of positioning techniques to reference signals and measurements is out of RAN1 scope and therefore RAN1 does not intend to define such mapping. 
· It is RAN1 understanding that RAN2 will define signalling that can support any RAT dependent positioning technique including hybrid RAT dependent positioning solutions

· RAN1 agreed on the tables below that provide mapping between reference signals and measurements based on the latest status of RAN1 discussion

· The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2
· Note: Table will be modified in the future if additional reference signals for UE/gNB measurements are agreed
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


R1-1909796
LS on DL/UL Reference Signals and Measurements for NR Positioning

Intel Corporation
1.1.1.1 DL Reference Signals for NR Positioning

R1-1908114
DL PRS design for NR positioning
Huawei, HiSilicon

R1-1908118
Views on DL reference signal designs for NR positioning
Mitsubishi Electric Corp

R1-1908174
Discussion on DL RS for NR positioning
vivo

R1-1908306
DL Reference Signals for NR Positioning
BUPT, ZTE, CAICT

Late submission

R1-1908307
Remaining issues on NR DL PRS
ZTE Corporation

R1-1908346
Views on DL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1908356
Discussion on DL Reference Signals for NR Positioning
OPPO

R1-1908404
Downlink RS design for NR Positioning
MediaTek Inc.

R1-1908509
DL Reference Signals for NR Positioning
Samsung

R1-1908571
DL Reference Signals for NR Positioning
CATT

R1-1908659
DL reference signals for NR positioning
Intel Corporation

R1-1908703
Discussion on DL Reference Signals for NR Positioning
LG Electronics

R1-1908788
DL Reference Signals for NR Positioning
Sony

R1-1909127
DL Reference Signals for NR Positioning
BUPT, ZTE, CAICT

R1-1909278
DL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1909424
DL reference signals for NR positioning
Ericsson

R1-1909610
Summary #1 of Offline Discussion on AI 7.2.10.1 - DL Reference Signals for NR Positioning


Intel Corporation

Agreement:
The following parameters describing a DL PRS Resource are defined:
· Bandwidth of DL PRS Resource 
· FFS granularity of bandwidth configuration which is to be down-selected at the next meeting among the following options:

· Option 1. One PRB

· Option 2. Four PRBs

· Option 3. RBG granularity

· Option 4. One of values configurable from the set 24, 48, 96 192, 264 PRBs

· Option 5: Option 2, 3 or 4 combined with a possibility to blank PRBs at the band edges
· Option 6: Option 2, 3 or 4 combined with the maximum PRBs per carrier bandwidth
· Start PRB of DL PRS Resource is defined relative to Point A
· A single Point A for DL PRS resource allocation is provided per frequency layer. 
· UE can be configured with one or multiple frequency layers

· FFS amount of frequency layers for NR Positioning supported by UE, which is up to UE capability

· All DL PRS Resources belonging to the same DL PRS Resource Set have common Point A

· FFS whether additional constraints such as start PRB and center frequency of the bandwidth for the PRS resources are the same within a frequency layer. Resolve FFS at the next meeting.
Agreement:
· Periodicity of DL PRS allocation is configured per DL PRS Resource Set
· i.e. all DL PRS Resources of a given set have the same periodicity

· Multiple DL PRS Resource Sets can be configured per TRP

· FFS how many DL PRS Resources Sets can be configured per TRP

· The following periodicity values for periodicity of DL PRS allocation are supported

· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots

· 20480 is not supported for an SCS of 15 kHz

· FFS: Further restrictions on values applicable to different SCS
Agreement:
A single SCS and CP type are configured for  
· Alt. 1: A DL PRS resource set

· Alt. 2: A frequency layer

Agreement:
[image: image2.png]


  is a function of PRS sequence ID, slot index and symbol index
· FFS: Other parameters and initialization details until RAN1#98bis 

Agreement:
· The RE pattern of a DL PRS resource is configured with an RE Offset in frequency domain for the first symbol in an DL PRS resource

· The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource

· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an DL PRS resource, the comb size for the DL PRS resource and the DL PRS symbol index within the DL PRS resource
1.1.1.2 UL Reference Signals for NR Positioning

R1-1909495
FL summary for 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson
R1-1908115
SRS design for NR positioning
Huawei, HiSilicon

R1-1908119
Views on UL reference signal designs for NR positioning
Mitsubishi Electric Corp

R1-1908175
Discussion on UL RS for NR positioning
vivo

R1-1908308
Remaining issues on UL signals for positioning
ZTE Corporation

R1-1908347
Views on UL reference signals for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1908357
Discussion on UL Reference Signals for NR Positioning
OPPO

R1-1908405
Uplink RS design for NR Positioning
MediaTek Inc.

R1-1908510
UL Reference Signals for NR Positioning
Samsung

R1-1908572
UL Reference Signals for NR Positioning
CATT

R1-1908660
UL reference signals for NR positioning
Intel Corporation

R1-1908704
Discussion on UL Reference Signals for NR Positioning
LG Electronics

R1-1908789
UL Reference Signals for NR Positioning
Sony

R1-1908893
Discussion on Positioning Techniques for UL Reference Signals in NR 
ITRI

R1-1909279
UL Reference Signals for NR Positioning
Qualcomm Incorporated

R1-1909386
Details on Uplink PRS Signal Design
Fraunhofer IIS, Fraunhofer HHI

R1-1909425
UL reference signals for NR positioning'
Ericsson

R1-1909560
FL summary after first offline for 7.2.10.2 UL Reference Signals for NR Positioning
Ericsson

Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.

· FFS: The use of the following for deriving the relative offset in addition to the above

· A configurable number of consecutive symbols with the same offset
· Repetition factor

· No additional parameters will be considered

Conclusion:

No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.
Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported

1.1.1.3 UE and gNB measurements for NR Positioning

R1-1908116
NR positioning measurements
Huawei, HiSilicon

R1-1908176
Discussion on UE and gNB measurements for NR positioning
vivo

R1-1908309
Remaining issues on measurements for NR positioning
ZTE Corporation

R1-1908348
Measurements for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1908358
Discussion on Measurements for NR Positioning
OPPO

R1-1908406
Measurement and reporting design for NR Positioning
MediaTek Inc.

R1-1908511
Discussion on UE and gNB measurements for NR Positioning
Samsung

R1-1908573
UE and gNB measurements for NR Positioning
CATT

R1-1908574
FL summary for 7.2.10.3 UE and gNB measurements for NR Positioning
CATT

R1-1908661
Physical layer measurements for NR positioning
Intel Corporation

R1-1908705
Discussion on UE and gNB measurements for NR Positioning
LG Electronics

R1-1908790
UE measurements for NR Positioning
Sony

R1-1908874
Discussion on UE and gNB measurements
CMCC

R1-1909280
UE and gNB measurements for NR Positioning
Qualcomm Incorporated

R1-1909426
UE and gNB measurements for NR positioning
Ericsson

R1-1909637
Summary #2 of UE and gNB measurements for NR Positioning
CATT

Agreement:
· RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 

· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.
Agreement:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 

· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.

· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Agreement:
For FR1, 
· The reference point for Rx time in the definition of the UE Rx-Tx time difference is the Rx antenna connector of the UE. 
· The reference point for Tx time in the definition of the UE Rx-Tx time difference is the Tx antenna connector of the UE
Agreement:
· UL RTOA is defined with the respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 

· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the UL RTOA measurements can be requested for reporting in the measurement report.

Agreement:
For FR1, the reference point for UL RTOA is the Rx antenna connector of gNB
Conclusion:

How to determine the UL RTOA measurement and gNB Rx-Tx time difference measurements that are reported when receiver diversity is used by the gNB is up to gNB implementation and is not specified by measurement definition.

Agreement:
· gNB Rx-Tx time difference is defined with respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 

· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.

Agreement:
For FR1, 
· The reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB
· The reference point for the Tx time of the gNB Rx-Tx time difference is the Tx antenna connector of the gNB
Agreement:
UL SRS-RSRP for NR positioning is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry the UL SRS resource configured for RSRP measurements within the considered measurement frequency bandwidth in the configured measurement occasions
Agreement:
· For FR1, the reference point for the UL SRS-RSRP is the Rx antenna connector of the gNB. 

· For FR2, UL SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

· When receiver diversity is in use by the gNB to obtain the UL SRS-RSRP measurement, the reported UL SRS-RSRP value shall not be lower than the corresponding UL SRS -RSRP of any of the individual receiver branches

Agreement:
· AoA ([image: image4.png]


) and ZoA ([image: image6.png]


) 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:

· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:  [image: image8.png]


 pointing to the zenith and [image: image10.png]8 = 90°



 pointing to the horizon.
· Option 2:
· For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined in TR 38.901. The translation of the GCS to LCS uses the set of angles ( (bearing angle), ( (downtilt angle),  ( (slant angle) which are reported
1.1.1.4 Necessity and details for physical-layer procedures to support UE/gNB measurements
R1-1909513
Summary of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated
R1-1908117
Physical layer procedure for NR positioning
Huawei, HiSilicon

R1-1908120
Views on physical-layer procedures for NR positioning
Mitsubishi Electric Corp

R1-1908177
Discussion on physical-layer procedures for UE/gNB measurements
vivo

R1-1908311
Remaining issues on physical-layer procedure for NR positioning
ZTE Corporation

R1-1908349
Views on Physical Layer Procedures for NR Positioning
Nokia, Nokia Shanghai Bell

R1-1908359
Discussion on Physical-layer procedures for NR Positioning
OPPO

R1-1908407
Procedure design for NR Positioning
MediaTek Inc.

R1-1908512
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

Samsung

R1-1908575
Physical-layer procedures to support UE/gNB measurements
CATT

R1-1908662
NR positioning physical layer procedures
Intel Corporation

R1-1908706
Discussion on necessity and details for physical-layer procedures to support UE/gNB measurements

LG Electronics

R1-1908791
Physical-layer procedures to support NR positioning
Sony

R1-1908875
Discussion on physical-layer procedures to support NR positioning measurements
CMCC

R1-1909502
Considerations on Phy-layer procedures for NR Positioning
Qualcomm Incorporated

Revision of R1-1909281
R1-1909360
Discussion on physical-layer procedure for NR positioning
KDDI Corporation

R1-1909387
UE procedures for transmitting UL PRS 
Fraunhofer IIS, Fraunhofer HHI

R1-1909427
Physical Layer procedures in NR positioning
Ericsson

R1-1909643
Summary #2 of 7.2.10.4: PHY procedures for positioning measurements
Qualcomm Incorporated
Agreement:
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.

Agreement:
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

Agreement:
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.
Agreement:
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

1.1.1.5 Others

R1-1908178
Discussion on positioning in idle/inactive states
vivo

R1-1908312
Further discussion on new sequence for positioning
ZTE Corporation

R1-1908576
Network synchronization based on RAT-dependent signals
CATT

R1-1909316
On procedure to enable angle resolution for DAoD
Huawei, HiSilicon

R1-1909428
On reusing the TRS for positioning purpose
Ericsson

