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R1-2301218
Work Plan for Rel-18 WI on Expanded and Improved NR Positioning
Intel Corporation
R1-2301915
LS on PRU procedures
SA2, Qualcomm

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Gabi (Qualcomm).
R1-2302047
Discussion of SA2 LS on PRU Procedures
Moderator (Qualcomm Incorporated)
Conclusion
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.

Conclusion
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.

R1-2302106
Discussion of SA2 LS on PRU Procedures
Moderator (Qualcomm Incorporated)
Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.

R1-2302145
[Draft] LS Reply on PRU Procedures
Moderator (Qualcomm)
Agreement
The draft LS reply in R1-2302145 is endorsed. Final LS in R1-2302146.

9.5.1 Sidelink positioning
9.5.1.1 SL positioning reference signal
Including procedures related to transmit power control
R1-2300040
Design of SL positioning reference signal SL-PRS
Nokia, Nokia Shanghai Bell

R1-2300063
Discussion on SL positioning reference signal
FUTUREWEI

R1-2300079
Considerations on SL-PRS design
Huawei, HiSilicon

R1-2300222
Discussion on SL positioning reference signal
Spreadtrum Communications

R1-2300301
Discussion on SL positioning reference signal
OPPO

R1-2300457
Discussion on SL positioning reference signal
vivo

R1-2300580
Discussion on Sidelink positioning reference signal
xiaomi

R1-2300684
Discussion on SL positioning reference signal
CATT, GOHIGH

R1-2300720
Discussion on SL positioning reference signal
China Telecom

R1-2300787
SL positioning reference signal
Sharp

R1-2300802
Discussion on SL positioning reference signal
ZTE

R1-2300836
Discussion on SL positioning reference signal
NEC

R1-2300879
Considerations on SL Positioning Reference Signal
Sony

R1-2300898
Discussion on Sidelink Positioning Reference Signal
Panasonic

R1-2300952
On SL Positioning Reference Signals
Intel Corporation

R1-2301006
Discussion on SL positioning reference signal
CMCC

R1-2301116
SL-PRS design and power control for SL-PRS
InterDigital, Inc.

R1-2301142
Design considerations on SL positioning reference signal
Fraunhofer IIS, Fraunhofer HHI

R1-2301211
Discussion on SL PRS Aspects
Lenovo

R1-2301268
On SL Positioning Reference Signal
Samsung

R1-2301300
Discussion on sidelink positioning reference signal
ASUSTeK

R1-2301350
Discussion on SL positioning reference signal
Apple

R1-2301417
Reference Signal Design for SL Positioning
Qualcomm Incorporated

R1-2301497
Discussion on reference signal for SL positioning
NTT DOCOMO, INC.

R1-2301536
Discussion on SL positioning reference signal
LG Electronics

R1-2301636
Reference signal design for sidelink positioning
MediaTek Inc.

R1-2301678
SL positioning reference signal design
Ericsson

R1-2301695
View on SL positioning reference signal design
CEWiT, Reliance Jio
R1-2301875
FL summary #1 on SL positioning reference signal
Moderator (Intel Corporation)

Agreement
SL PRS sequence is generated based on Gold sequence:
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where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211.

Agreement 
· For SL PRS sequence generation, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter [image: image4.png]SL-PRS
NID seq



.
· The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS
Agreement 
For SL PRS sequence generation, consider at least the following options to define the parameter [image: image6.png]SL-PRS
NID seq



, and select one option:

· Option 1: [image: image8.png]SL-PRS
NID seq



 is a higher layer configured parameter

· Option 2: [image: image10.png]SL-PRS
NID seq



 is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
· Option 3: based on a combination of higher layer configured parameter from a configured ID list and 12 bits of CRC of PSCCH associated with the SL PRS transmission
· Option 5: [image: image12.png]SL-PRS
NID seq



 is based on 12bits LSB of destination ID

· Option 6: [image: image14.png]SL-PRS
NID seq



 is based on 8 bits of source ID + 4 zero bits

· Option 7: [image: image16.png]SL-PRS
NID seq



 is based on the CRC field of the 2nd SCI associated with SL PRS transmission, if there is a 2nd SCI defined.

Agreement 
Range of the parameter [image: image18.png]SL-PRS
NID seq



 is:  [image: image20.png]



Agreement
A SL PFL is not defined. SL positioning RS are defined directly with respect to and contained within a single SL BWP and carrier.
Agreement 
Support SCS values for SL PRS include:
· 15 kHz, 30 kHz, 60 kHz for FR1, and 60 kHz, 120 kHz for FR2
· Which SCS values are required, and which ones are optional follow Rel-16 UE capabilities.

R1-2301876
FL summary #2 on SL positioning reference signal
Moderator (Intel Corporation)
Agreement 
For RE-offset sequence for SL PRS, the RE-offset sequences specified for DL PRS are considered as a starting point.

· FFS: Exact RE-offset sequences 

Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.

· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.

· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 

· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs

R1-2302095
FL summary #3 on SL positioning reference signal
Moderator (Intel Corporation)
Agreement 
For SL PRS in shared or dedicated resource pools, 

· at least comb sizes (N) 2, 4 are supported.

· Comb size 6 is supported at least in dedicated resource pool

· FFS: comb size 6 in shared resource pool

· Comb size 1 is supported at least in shared resource pool

· FFS: comb size 1 in dedicated resource pool

· comb sizes (N) > 12 are not supported.

· FFS: support of comb sizes (N) of 8, 12.

Agreement 
For SL PRS in shared and dedicated resource pools, 
· SL PRS patterns with full staggering are supported.
· FFS: whether (M,N)=(6,6) is supported

· SL PRS patterns with partial staggering are supported at least for the following (M,N) pairs:

· (M, 2) with M = {1} 

· (M, 4) with M = {2} 

· FFS: constraints on maximum effective comb size

· FFS: support of partial staggering for other comb sizes

· FFS: Support of SL PRS patterns with M > N at least with full staggering.
Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable

· FFS: whether or not this is a separate UE capability

Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.
9.5.1.2 Measurements and reporting for SL positioning
R1-2300041
On measurements and reporting for SL positioning
Nokia, Nokia Shanghai Bell

R1-2300067
Discussion on measurements and reporting for SL positioning
FUTUREWEI

R1-2300080
SL positioning methods, measurements, and reporting
Huawei, HiSilicon

R1-2300223
Discussion on measurements and reporting for SL positioning
Spreadtrum Communications

R1-2300302
Discussion on measurements and reporting for SL positioning
OPPO

R1-2300382
Discussion on measurements and reporting for SL positioning
TOYOTA Info Technology Center

R1-2300458
Discussion on measurements and reporting for SL positioning
vivo

R1-2300581
Discussion on measurements and reporting for SL positioning
xiaomi

R1-2300685
Discussion on measurements and reporting for SL positioning
CATT, GOHIGH

R1-2300760
Proposed RTT measurement method using Carrier Phase Positioning
Locaila

R1-2300788
Measurements and reporting for SL positioning
Sharp

R1-2300803
Discussion on SL positioning measurements and reporting
ZTE

R1-2300880
Considerations on SL Positioning Measurements and Reporting
Sony

R1-2300953
Measurements and reporting for SL positioning
Intel Corporation

R1-2301007
Discussion on measurements and reporting for SL positioning
CMCC

R1-2301117
Measurement and reporting for SL positioning
InterDigital, Inc.

R1-2301143
Measurements and reporting for SL positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2301212
Discussion on SL Positioning Measurement and Reporting
Lenovo

R1-2301269
On Measurements and Reporting for SL Positioning
Samsung

R1-2301351
On Measurements and reporting for SL positioning
Apple

R1-2301418
Measurements and Reporting for SL Positioning
Qualcomm Incorporated

R1-2301498
Discussion on measurement and reporting for SL positioning
NTT DOCOMO, INC.

R1-2301537
Discussion on measurements and reporting for SL positioning
LG Electronics

R1-2301562
Discussion on measurements and reporting for SL positioning
DENSO CORPORATION

R1-2301633
Measurement and reporting design for sidelink positioning
MediaTek Inc.

R1-2301679
Measurements and reporting for SL positioning
Ericsson

R1-2301696
View on SL positioning methods, measurements and reporting for SL positioning
CEWiT, Reliance Jio
R1-2301950
Summary #1 on Measurements and reporting for SL positioning
Moderator (vivo)

Agreement
SL PRS reference signal received power (SL PRS-RSRP)

· is defined as the linear average over the power contributions (in W) of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth 

With regard to the reference point

· For frequency range 1, the reference point for the SL PRS-RSRP shall be the antenna connector of the UE.

· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRP value shall not be lower than the corresponding SL PRS-RSRP of any of the individual receiver branches.

Agreement
SL PRS reference signal received path power (SL PRS-RSRPP),

· is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

With regard to the reference point

· For frequency range 1, the reference point for the SL PRS-RSRPP shall be the antenna connector of the UE.

· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRPP value shall not be lower than the corresponding SL PRS-RSRPP of any of the individual receiver branches.

Agreement
SL-PRS based RTOA TSL-RTOA is defined as the beginning time of SL subframe #i containing SL-PRS received from a UE, relative to the RTOA Reference Time. The SL RTOA reference time is defined as [image: image22.png]Ty + teo _prs



, where
· T0 is the nominal beginning time of SFN 0 or DFN0.
· FFS on how to select between SFN 0 or DFN 0 for determination of T0.
· FFS: the source for the reference timing
· tSL-PRS = (10nf + nsf) x 10-3 QUOTE ,t-SRS.=,10,n-f.+,n-sf..×,10--3. , where nf and nsf QUOTE ,n-sf.  are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS on how to select between SFN or DFN
Agreement
Support both GCS and LCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.

· FFS on the applicable scenario/service for AoA/ZoA relative to LCS without translation of the LCS to GCS
R1-2301951
Summary #2 on Measurements and reporting for SL positioning
Moderator (vivo)

Agreement
For definition of SL-PRS based Rx-Tx measurement, downselect one of the following alternatives in RAN1# 112b to minimize the impact of UE reference timing offset and mobility
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement

· Alt2: SL-PRS transmission time based on the sidelink PRS receiving symbol is used for the definition of SL-PRS based Rx-Tx time difference measurement

· Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.

Agreement
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.
Agreement
For SL-PRS based Rx-Tx measurement for double sided RTT, consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of involved UEs. 
· FFS on how to differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report

· FFS on impact of Scheme 2 resource allocation when the different orders in double sided RTT is considered and whether and how to minimize number of different orders
· Aspects related to scheme 2 resource allocation are to be discussed in agenda 9.5.1.3
R1-2301952
Summary #3 on Measurements and reporting for SL positioning
Moderator (vivo)
Agreement
Study the necessity and scenarios of including location information and quality information of the location of a UE in sidelink positioning measurement report, considering different measurements and different reporting targets (LMF and UE).

Agreement
Study the following candidates for identification information in sidelink positioning report, considering different measurements and different reporting targets (LMF and UE):

· SL-PRS resource ID/SL-PRS resource set ID if multiple resources/resource sets are configured to a UE

· FFS: whether SL-PRS resource set is supported

· Source ID and/or destination ID

· Other identification information not precluded

Agreement
LoS/NLoS indicator can be included in a sidelink positioning measurement report, considering different reporting targets (LMF and UE).

· LOS/NLOS indicator specified in Rel-17 positioning is reused as much as possible.
· No specification impact for how to set this indicator.

· From RAN1 perspective, no performance requirements are expected to be defined for setting indicator in Rel-18.

Agreement
Companies are encouraged to provide expected measurement report content in the following table to facilitate discussion in RAN1 #112bis-e.
Note: this does not imply a different measurement report content for reporting to LMF or to UE.
Table 6.2 Collection of measurement report content

	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	
	

	SL-PRS based RSTD measurement
	
	

	SL-PRS based RSRP measurement
	
	

	SL-PRS based RSRPP measurement
	
	

	SL-PRS based RTOA measurement
	
	

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	
	

	etc
	
	


9.5.1.3 Resource allocation for SL positioning reference signal

Including details related to the support of unicast/groupcast/broadcast of SL PRS transmissions.
R1-2300042
On resource allocation for SL positioning reference signal
Nokia, Nokia Shanghai Bell

R1-2300068
Discussion on resource allocation for SL PRS
FUTUREWEI

R1-2300081
Resource allocations for SL positioning
Huawei, HiSilicon

R1-2300224
Discussion on resource allocation for SL positioning reference signal
Spreadtrum Communications

R1-2300303
Discussion on resource allocation for SL positioning reference signal
OPPO

R1-2300383
Discussion on resource allocation for SL positioning
TOYOTA Info Technology Center

R1-2300459
Discussion on resource allocation for SL positioning reference signal
vivo

R1-2300582
Discussion on resource allocation for SL positioning reference signal
xiaomi

R1-2300686
Discussion on Resource allocation for SL positioning reference signal
CATT, GOHIGH

R1-2300721
Discussion on resource allocation for SL positioning reference signal
China Telecom

R1-2300804
Discussion on resource allocation for SL positioning reference signal
ZTE

R1-2300837
Discussion on resource allocation for SL positioning reference signal
NEC

R1-2300881
Considerations on SL Positioning Reference Signal Resource allocation
Sony

R1-2300954
On resource allocation for SL positioning
Intel Corporation

R1-2301008
Discussion on resource allocation for SL positioning reference signal
CMCC

R1-2301118
Resource allocation for SL positioning reference signal
InterDigital, Inc.

R1-2301144
Considerations on SL-PRS resource allocation
Fraunhofer IIS, Fraunhofer HHI

R1-2301213
Discussion on SL Positioning Resource Allocation
Lenovo

R1-2301270
On Resource Allocation for SL Positioning Reference Signal
Samsung

R1-2301302
Discussion on resource allocation for SL PRS
ASUSTeK

R1-2301352
On Resource allocation for SL positioning reference signal
Apple

R1-2301419
Resource Allocation for SL-PRS
Qualcomm Incorporated

R1-2301499
Discussion on resource allocation for SL positioning
NTT DOCOMO, INC.

R1-2301538
Discussion on resource allocation for SL positioning reference signal
LG Electronics

R1-2301547
Resource allocation for SL positioning reference signal
Sharp

R1-2301561
Discussion on resource allocation for SL positioning reference signal
DENSO CORPORATION

R1-2301634
Resource allocation for SL-PRS
MediaTek Inc.

R1-2301649
Considerations on resource allocation for SL positioning reference signal
ITL

R1-2301680
Resource allocation for SL positioning reference signal
Ericsson

R1-2301697
View on SL positioning resource allocation for SL positioning reference signal
CEWiT, Reliance Jio
R1-2302004
Moderator Summary #1 on resource allocation for SL PRS
Moderator (Qualcomm)
Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).

· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.

R1-2302045
Moderator Summary #2 on resource allocation for SL PRS
Moderator (Qualcomm)
Agreement
For a dedicated resource pool for positioning:

· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).

· FFS: additional slots that can be used for SL PRS is not precluded

· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration
Agreement
For a dedicated resource pool for Positioning,

· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 

· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).

R1-2302094
Moderator Summary #3 on resource allocation for SL PRS
Moderator (Qualcomm)
Agreement
Regarding Scheme 1 SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e. Option 1 is not pursued further). 

Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 

· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool

· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.

Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 

· Study if any changes are needed

Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 

· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 

· FFS: Whether lower-layer signaling is SCI or SL MAC-CE

R1-2302162
Moderator Summary #4 on resource allocation for SL PRS
Moderator (Qualcomm)
Agreement
For SL-PRS transmission, at least support the following

· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 

· FFS: whether/what changes are needed

· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.

· FFS: Maximum number of reservations and transmissions after triggering

Agreement
For the scheme 2 sensing-based resource allocation, 

· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 

· Study if/what changes are needed

· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 

· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g. definition of resource set for SL-PRS, how RSRP is measured, etc)

· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective
9.5.2 NR DL and UL carrier phase positioning

R1-2300085
Discussion on carrier phase measurement
Huawei, HiSilicon

R1-2300225
Discussion on NR DL and UL carrier phase positioning
Spreadtrum Communications

R1-2300307
Discussions on NR carrier phase positioning
OPPO

R1-2300460
Discussion on carrier phase positioning
vivo

R1-2300538
Discussions on Carrier Phase Measurement for NR Positioning
BUPT

R1-2300583
NR DL and UL carrier phase positioning
xiaomi

R1-2300687
Discussion on NR DL and UL carrier phase positioning
CATT

R1-2300761
Proposed solution for uplink and downlink carrier phase positioning
Locaila

R1-2300778
Views on NR DL and UL carrier phase positioning
Nokia, Nokia Shanghai Bell

R1-2300805
Discussion on carrier phase measurement based positioning
ZTE

R1-2300955
On DL and UL carrier phase positioning
Intel Corporation

R1-2301009
Discussion on DL/UL carrier phase positioning
CMCC

R1-2301066
Discussion on carrier phase positioning in NR
LG Electronics

R1-2301119
Discussion on positioning based on NR carrier phase measurement
InterDigital, Inc.

R1-2301214
DL & UL Carrier Phase Positioning Discussion
Lenovo

R1-2301271
On NR DL and UL Carrier Phase Positioning
Samsung

R1-2301353
On NR DL and UL carrier phase positioning
Apple

R1-2301420
NR Carrier Phase Positioning
Qualcomm Incorporated

R1-2301500
Discussion on NR DL and UL carrier phase positioning
NTT DOCOMO, INC.

R1-2301630
Solutions for carrier phase positioning
MediaTek Inc.

R1-2301681
NR DL and UL carrier phase positioning
Ericsson

R1-2301724
Discussion on NR UL and DL carrier phase positioning
IIT Kanpur, CEWiT

R1-2301828
FL Summary #1 for NR DL and UL carrier phase positioning
Moderator (CATT)

Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:

· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP

· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD

To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:

· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP
R1-2301829
FL Summary #2 for NR DL and UL carrier phase positioning
Moderator (CATT)

Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.

· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined

· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP
Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.

· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP

Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements
R1-2301830
FL Summary #3 for NR DL and UL carrier phase positioning
Moderator (CATT)

Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.

· FFS: the reference point of the UL RSCP

· FFS: whether/how the measurement timing is defined

· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion

· Note: The support of MIMO SRS for positioning is transparent to UE

Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF

· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier

· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier

· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival

· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF

· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.
9.5.3 LPHAP (Low Power High Accuracy Positioning)
R1-2300064
Discussions of LPHAP enhancements
FUTUREWEI

R1-2300082
Physical layer aspects of LPHAP
Huawei, HiSilicon

R1-2300226
Discussion on LPHAP (Low Power High Accuracy Positioning)
Spreadtrum Communications

R1-2300309
Disucssion on low power high accuracy positioning
OPPO

R1-2300461
Discussion on low power high accuracy positioning
vivo

R1-2300584
Discussion on Low Power High Accuracy Positioning
xiaomi

R1-2300688
Discussion on Low Power High Accuracy Positioning
CATT

R1-2300777
Views on LPHAP
Nokia, Nokia Shanghai Bell

R1-2300806
Discussion on low power high accuracy positioning
ZTE

R1-2300832
Discussion on Low Power High Accuracy Positioning
NEC

R1-2300882
Considerations on Low Power High Accuracy Positioning
Sony

R1-2300956
On support of LPHAP
Intel Corporation

R1-2301010
Discussion on low power high accuracy positioning
CMCC

R1-2301067
Discussion on LPHAP in idle/inactive state
LG Electronics

R1-2301141
Discussions on Low Power High Accuracy Positioning (LPHAP) techniques
InterDigital, Inc.

R1-2301272
On Low Power High Accuracy Positioning
Samsung

R1-2301354
On Low Power High Accuracy Positioning
Apple

R1-2301421
Discussion on LPHAP Positioning
Qualcomm Incorporated

R1-2301501
Discussion on Low Power High Accuracy Positioning
NTT DOCOMO, INC.

R1-2301682
On Low Power High Accuracy Positioning
Ericsson

R1-2301914
LS on the requirement on low power or high accuracy positioning
SA2, Huawei

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Jinhuan (Huawei).
R1-2301990
Discussion on LS reply regarding LPHAP
Moderator (Huawei)

R1-2301991
Draft LS reply on the requirement for LPHAP
Moderator (Huawei)
Agreement
The draft LS in R1-2301991 is endorsed. Final LS in R1-2302074.
R1-2301967
Summary #1 for low power high accuracy positioning
Moderator (CMCC)
Agreement
For SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support the following:

· An SRS positioning validity area consists of cells configured in the same band and the same carrier, and the following parameters with respect to BWP information of SRS for positioning configuration are commonly applied across cells within the validity area:

· BWP parameters

· locationAndBandwidth

· subcarrierSpacing

· cyclicPrefix

Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, at least the following parameters in SRS for positioning configuration are commonly configured across cells within the validity area:

· srs-PosConfig

· SRS-PosResourceSet

· srs-PosResourceSetId

· srs-PosResourceIdList

· resourceType

· SRS-PosResource

· srs-PosResourceId

· transmissionComb

· resourceMapping

· freqDomainShift

· freqHopping

· groupOrSequenceHopping-r16

· resourceType

· FFS: whether sequenceId is configured commonly across cells or per cell

Agreement
From RAN1 perspective, it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state. Details can be up to RAN2.
· For TA validation, use of area-specific RSRP change threshold is feasible
· FFS: which RS is the reference RS for the RSRP change threshold

R1-2301968
Summary #2 for low power high accuracy positioning
Moderator (CMCC)
Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area:
· For the UL timing advance, further study the following options, including the DL reference timing for each option:

· Option 1: UE maintains the TA obtained from the last serving cell within the validity area

· Option 2: UE autonomously adjusts the TA 
· FFS: how the UE adjusts the TA, e.g. up to UE implementation, or based on the TA from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell.

· FFS: whether there is RAN1 specification impact

· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH

R1-2302189
Summary #3 for low power high accuracy positioning
Moderator (CMCC)
Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options: 
· Option 1: Spatial relation information is absent in the configuration

· FFS: different approaches for down selection at least include the following:

· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter
· FFS criterion on UE determination of the fixed spatial domain transmission filter (e.g., up to UE implementation, based on a selected SSB of the camping cell, based on the configured path-loss RS such as SSB, etc.)
· Option 2: Spatial relation information is provided in the configuration
· FFS details on the configuration and corresponding UE behavior, including whether the information is configured for all or subset of cells
· FFS signaling to configure the spatial relation information, e.g., via SRS activation message.
· Note: UE power consumption needs to be taken into account

· FFS validity criteria of spatial relation for the configured RS and UE behavior if it determines that the validity criteria of spatial relation for the configured RS is not met, if any, to avoid frequent RRC connection for SRS (re)configuration.
Agreement
For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options:
· Option 1: Pathloss RS is absent in the configuration. 

· FFS criterion on UE determination of pathloss RS (e.g., up to UE implementation, UE selects an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area, etc.).

· Option 2: Pathloss RS is provided in the configuration

· FFS details on configuration (e.g., pathloss RS is configured as a cell-agnostic DL RS, pathloss RS is configured as a fixed SSB within the validity area, etc.), including whether the information is configured for all or a subset of cells within the validity area
· FFS signaling to configure the pathloss RS, e.g., via SRS activation message.
· Note: UE Power consumption needs to be taken into account 

· FFS: Whether p0 and alpha can be commonly configured across cells within the validity area.
· FFS validity criteria of pathloss RS and UE behavior if it determines that the validity criteria of pathloss RS is not met., if any, to avoid frequent RRC connection for SRS (re)configuration.
9.5.4 Bandwidth aggregation for positioning measurements

R1-2300084
Signalings and procedures to support PRS/SRS BW aggregation
Huawei, HiSilicon

R1-2300227
Discussion on bandwidth aggregation for positioning measurements
Spreadtrum Communications

R1-2300308
Discussion on bandwidth aggregation for positioning measurement
OPPO

R1-2300462
Discussion on bandwidth aggregation for positioning measurements
vivo

R1-2300585
Bandwidth aggregation for positioning measurement
xiaomi

R1-2300689
Discussion on bandwidth aggregation for positioning measurements
CATT

R1-2300779
Views on Bandwidth aggregation for positioning measurements
Nokia, Nokia Shanghai Bell

R1-2300807
Discussion on BW aggregation for positioning
ZTE

R1-2300957
On bandwidth aggregation for positioning measurements
Intel Corporation

R1-2301011
Discussion on BW aggregation for positioning measurements
CMCC

R1-2301068
Discussion on Bandwidth aggregation for positioning measurements
LG Electronics

R1-2301137
Bandwidth aggregation for positioning measurements
InterDigital, Inc.

R1-2301215
PRS/SRS Bandwidth Aggregation Aspects
Lenovo

R1-2301273
On Bandwidth Aggregation for Positioning Measurements
Samsung

R1-2301355
On Bandwidth aggregation for positioning measurements
Apple

R1-2301422
Discussion on Bandwidth aggregation for Positioning
Qualcomm Incorporated

R1-2301502
Discussion on bandwidth aggregation for positioning measurements
NTT DOCOMO, INC.

R1-2301631
PRS/SRS aggregation for positioning measurement
MediaTek Inc.

R1-2301683
Bandwidth aggregation for positioning measurements
Ericsson

R1-2300809
Summary #1 for BW aggregation positioning
Moderator (ZTE)

Agreement
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:  

· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies 

· FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin
· The same QCL

· The same number of symbols, symbol location within one slot, repetition factor, 

· FFS: the same periodicity and slot offset
· FFS muting pattern
· The same numerology, i.e. the same CP and SCS

· The same or different bandwidths

· The same comb size

· FFS: The same number of PRS resource sets and resources for a TRP 

· The same power per subcarrier

· FFS: the same NR-DL-PRS-SFN0-Offset 
· Aggregated PFLs are configured on the same aligned numerology grid
· FFS: How to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones (e.g, PFLs with different RE-offset configurations, PFLs with different point A)

· Phase continuity between aggregated PFLs 

Agreement
To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be satisfied for the aggregated SRS resources across the aggregated carriers

· In the same slot, in same symbols, from the same antenna, this implies
· FFS: The same gNB Rx TEG and the same UE Tx TEG
· The same spatial relation
· The same startPosition, nrofSymbols
· FFS: periodicityAndOffset, and slotOffset
· The same numerology, i.e. the same CP and SCS

· The same or different bandwidths

· The same comb size

· FFS: The same number of SRS resource sets and resources 

· The same Tx PSD (power per subcarrier)
· FFS whether to need the same pathloss RS, Po and alpha
· Note: the Tx PSD is not captured in RAN1 specifications
· FFS: SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· Phase continuity between aggregated SRS in different carriers
R1-2300810
Summary #2 for BW aggregation positioning
Moderator (ZTE)

Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.
Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs

· FFS RSTD reference configuration or report should be enhanced
Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 

· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.
Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation

· FFS details

· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations

· FFS details

Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.

R1-2302091
Summary #3 for BW aggregation positioning
Moderator (ZTE)

Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods

· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers

· FFS: RSRP or RSRPP

· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement

· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs
Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation

· Support single MAC CE activating positioning SRS resource sets across the linked carriers

· FFS whether support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. Study a single DCI scheduling positioning SRS across the linked carriers, and check whether the conclusion/agreements in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI can be reused

· FFS MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way

Agreement
Study potential power control enhancement of simultaneous transmission of SRS for SRS bandwidth aggregation especially in the case when the total uplink transmission power across multiple carriers exceeds P_c,max

Agreement
Study the relationship between UL communication CA and SRS bandwidth aggregation, including

· Whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities

· Whether to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, i.e. SRS outside BWP and across carriers

9.5.5 Positioning for RedCap UEs
R1-2300069
On positioning for RedCap UEs in Rel-18
FUTUREWEI

R1-2300083
Discussion on frequency hopping for RedCap positioning
Huawei, HiSilicon

R1-2300228
Discussion on positioning for RedCap Ues
Spreadtrum Communications

R1-2300310
Discussion on positioning for RedCap UEs
OPPO

R1-2300463
Discussion on positioning for RedCap UEs
vivo

R1-2300690
Discussion on positioning for RedCap UEs
CATT

R1-2300780
Views on Positioning for RedCap UEs
Nokia, Nokia Shanghai Bell

R1-2300808
Discussion on Positioning for RedCap UEs
ZTE

R1-2300833
Discussion on positioning support for RedCap UEs
NEC

R1-2300883
Considerations on Positioning for RedCap UEs
Sony

R1-2300958
Positioning for RedCap UEs
Intel Corporation

R1-2301012
Discussion on RedCap UE positioning
CMCC

R1-2301069
Discussion on positioning support for RedCap UEs
LG Electronics

R1-2301138
Positioning for RedCap UEs
InterDigital, Inc.

R1-2301216
RedCap Positioning
Lenovo

R1-2301274
On Positioning for RedCap UEs
Samsung

R1-2301356
On Positioning for RedCap UEs
Apple

R1-2301423
Positioning for Reduced Capabilities UEs
Qualcomm Incorporated

R1-2301503
Discussion on positioning for RedCap UEs
NTT DOCOMO, INC.

R1-2301632
Positioning for RedCap UEs
MediaTek Inc.

R1-2301684
Positioning for RedCap Ues
Ericsson

R1-2301727
Discussion on NR positioning for RedCap
IIT Kanpur, CEWiT

R1-2301984
Feature Lead Summary #1 for Positioning for RedCap UEs
Moderator (Ericsson)

Conclusion

For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.
Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap

· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG

· FFS: the use of a single or multiple instances of a MGs

· FFS: the use of PPW

Conclusion
The scope for RedCap positioning includes FR1 and FR2.
R1-2301985
Feature Lead Summary #2 for Positioning for RedCap UEs
Moderator (Ericsson)

Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.

· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
R1-2302126
Draft LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs
Ericsson [to be RAN1]
R1-2301986
Feature Lead Summary #3 for Positioning for RedCap UEs
Moderator (Ericsson)

R1-2302210
Feature Lead Summary #4 for Positioning for RedCap UEs
Moderator (Ericsson)

Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource

· FFS: whether there is specification update needed for RAN1

· FFS: remaining details 

Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 

· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources

Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.
