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[bookmark: _Toc54552895][bookmark: _Toc48211442][bookmark: _Toc54553017][bookmark: _Toc48211440][bookmark: _Toc511230578][bookmark: _Toc511230715]3GPP started Release 18 SI “Study on expanded and improved NR positioning” at RAN#95 [1], which is expected to be completed in RAN#98-e. The SI has covered multiple positioning features in NR systems, including sidelink (SL) positioning, integrity of RAT-dependent positioning, PRS/SRS bandwidth aggregation for positioning, NR carrier phase positioning, low power high accuracy positioning (LPHAP), as well as the support of positioning for UEs with Reduced Capabilities (RedCap UEs). The study results have been captured in TR 38.859 [2]. In this contribution, we discuss the WI scope and objectives for Release 18 WI “Study on expanded and improved NR positioning”.

SL Positioning
The identified scenarios for the prioritized use cases and related target requirements were studied in the SI. The Bandwidth requirements for Sidelink Positioning was also investigated with the following conclusion [2]:

	-	For FR1 spectrum:
-	For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL PRS bandwidths of 20 MHz or 40 MHz.
-	For certain sources and other combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements require SL PRS bandwidth of 100 MHz or may not be satisfied even with SL PRS bandwidth of 100 MHz. 
-	For FR2 spectrum, based on submitted results from up to two sources:
-	For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL PRS bandwidth of 200 MHz.
-	For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some of the target requirements may not be satisfied even with SL PRS bandwidth of 400 MHz.
From RAN1’s perspective, it is recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum.
NOTE: The above recommendations are based on the evaluations in licensed and ITS spectra.



Based on the study, it is recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum [2]. But, RAN1 does not reach a consensus on the SL PRS bandwidths for FR2. Since SL PRS bandwidth of up to 100 MHz is recommended for FR1, the SL PRS bandwidths for FR2 should not be smaller than 100 MHz.

[bookmark: P1]Proposal 1: For SL positioning, the maximum SL PRS bandwidth of 100 MHz needs to be considered for FR1. The maximum SL PRS bandwidth for FR1 should not be smaller than 100MHz.

Various Sidelink Positioning Solutions were investigated with the following conclusion [2]:
	Sidelink positioning is recommended for normative work, including:
-	Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported.  
-	How to enable the procedures/signaling for supporting SL positioning in in-coverage, partial coverage and out-of-coverage scenarios will be further discussed in normative work.
-	Protocols between UE and UE
-	RAN2 will enable the support of SL PRS configuration in normative work based on the progress in RAN1.
-	RAN2 will design protocol and procedures for SL positioning between UEs (SLPP) in normative work.
-	Protocols between LMF and UE
-	RAN2 will discuss the details of functionalities of LMF for supporting SL positioning in normative work.
-	RAN2 will discuss the protocol details to support sidelink positioning procedures between UE and LMF in normative work.
For the solutions for sidelink positioning,
-	The following two operation scenarios are recommended for normative work:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.
-	RTT-type solution(s) using SL, SL-AoA, and SL-TDOA are recommended for normative work.
-	Both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT.
-	For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
-	For the support of the above methods the following measurements are recommended for normative work:
-	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.
-	A new sidelink reference signal (SL PRS) is recommended for normative work. 
-	Such a reference signal should use a comb-based frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
-	SCI can be used for reserving/indicating one or more SL PRS resources.
-	Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation.
-	For resource allocation mechanism for SL PRS in Scheme 2, a sensing-based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point.
-	With regards to the SL PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.
-	For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
-	With regards to the power control for SL PRS at least Open Loop Power Control (OLPC) is recommended for normative work.
-	Unicast, Groupcast (not including many to one) and Broadcast of SL PRS transmission are recommended for normative work.



In our view, in Rel-18 it is imported to support SL positioning for all coverage scenarios. Both PC5-only-based and Combination of Uu- and PC5-based positioning should also be supported. During the SI, the positioning methods of RTT (single-sided and double-sided RTT), DL-TDOA-like operation and UL-TDOA-like operation, SL-AoA are all investigated. Considering that different methods have their advantages under different scenarios, we support including all of them in Rel-18. Different SL positioning measurements (SL PRS based Rx-Tx,  RSTD,  RSRP,  RSRPP,  RTOA, AoA/ZoA measurement), these measurements need to be specified during WI. How to define SL positioning reference signal (SL-PRS) should be a key issue for WI. The design of SL-PRS needs to consider the RS pattern (time/frequency/sequence), for which the existing sequence of DL-PRS should be used as a starting point. For resource allocation, we think both Scheme 1 and Scheme 2 should be supported, where Scheme 1 corresponds to a network-centric operation SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation. For the resource allocation mechanism for SL PRS in Scheme 2, a sensing-based resource allocation, or a random resource selection, or both, should be introduced. In addition, SCI can be used for reserving/indicating one or more SL PRS resources. With regards to the resource pool for SL PRS transmission, we prefer focusing on dedicated resource pool as a higher priority, while a shared resource pool can also be considered. Furthermore, Open Loop Power Control (OLPC) should be used for the power control for SL PRS.  In addition, higher-layer signalling, protocol and procedures (SLPP) need to be developed to support SL positioning, including SL-PRS configuration, the measurement configuration and reporting, etc., between UEs, and between LMF and UEs.

[bookmark: P2]Proposal 2: For SL positioning, the following objective should be included in Rel-18 WI scope.
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· Specify methods and measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS, including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric operation SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For Scheme 2, SCI can be used for reserving/indicating one or more SL-PRS resources [RAN1].
· Support resource allocation at least for dedicated resource pools for SL PRS [RAN1].
· shared resource pools can be considered as a lower priority
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (SLPP).
· Specify the enhancement of LPP and LMF functionalities for supporting SL positioning

[bookmark: _Toc111724368][bookmark: _Toc69027126][bookmark: _Toc62397294]Integrity for RAT-Dependent Positioning
During the study on solutions for integrity for RAT-dependent positioning techniques, the error sources were identified for UE-based and LMF-based positioning techniques [2]. Rel-17 UE-based integrity mode signaling can be used as the baseline. The methodologies, procedures and signaling for the determination of positioning integrity were also studied, including the signaling for LMF-Based positioning integrity and UE-based positioning integrity. It is concluded that the concepts and principles developed for RAT-Independent GNSS positioning integrity for RAT-Dependent positioning integrity will be reused. During the WI phase, there is a need to provide more details for defining the error sources, including the modelling parameters. 

It is worth pointing out that for integrity for RAT-dependent positioning, although RAN1 has provided the analysis of the error modelling, it seems either RAN1 or RAN2 has evaluated the performance of the integrity for RAT-dependent positioning. In addition, unlike GNSS positioning, in which the GNPP signals are continuous and the measurements are obtained based on the monitoring of the continuous signals, UE/TRP measurements are obtained based on the short period of signals, and the measurement errors of the single-shot measurement may be far from the error statistics provided by the error model. 

[bookmark: P3]Proposal 3: Integrity for RAT-Dependent Positioning can be included in Rel-18 WI scope.

PRS/SRS Bandwidth Aggregation
	Conclusions on support of PRS/SRS bandwidth aggregation from the studies performed in RAN1 can be found in [2].
As part of the current study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is studied by RAN4. Based on the study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.
The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.
PRS/SRS bandwidth aggregation across PFLs for positioning measurements is concluded as feasible from RRM perspective.



PRS/SRS bandwidth aggregation for positioning was studied in Rel-17 in RAN1. Based on the study, it was concluded that “Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs” and “Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers” are recommended to be studied further and if needed, specified during normative work. In Rel-18, PRS/SRS bandwidth aggregation for positioning was further studied in RAN4. Based on Rel-18 study, “PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.” Based on the study of Rel-17 and Rel-18, it is clear that the PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible under the condition that single chain Tx/Rx architectures are used at both the UE and gNB. 

It should be noted that for PRS/SRS bandwidth aggregation, there was no discussion on the target positioning performance for the PRS/SRS bandwidth aggregation, and no rigorous evaluation of the positioning accuracy under different impairments, such as time and frequency errors, as well as the ARP errors and PCO errors, and no evaluation of the potential impact of the timing delays of different carriers, which are all investigated in carrier phase positioning. In our view, these issues do not prevent us from including the PRS/SRS bandwidth aggregation for positioning in Rel-18, since it is obvious that these issues can be overcome through the implementations. Proper implementation of the PRS/SRS bandwidth aggregation of multiple carriers and/or multiple PFLs for positioning should have better positioning performance than a single carrier or a single PFL.

[bookmark: P4]Proposal 4: PRS/SRS bandwidth aggregation for positioning can be included in Rel-18 WI.
 
NR Carrier Phase Positioning
NR carrier phase positioning has been studied rigorously during the SI, including the reference signal, the measurement, the solutions for integer ambiguity resolutions, etc. Based on the evaluation, it is concluded that:

	· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· At least the double differential technique with PRU is feasible for UE-based, and network-based NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
· Note 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during the normative work.
· Note 2: the required PRU density also needs further discussion
· Note 3: other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded



The performance of NR carrier phase positioning has been evaluated rigorously under IIoT InF-SH and InF-DH scenarios with the consideration of various error sources, which include timing errors (e.g., transmitter/receiver initial phase errors), frequency errors (frequency offset (CFO), oscillator-drift), transmitter/receiver antenna reference point (ARP) location errors, antenna phase center offset (PCO), etc.

Based on the evaluation results [2], most sources show that a horizontal positioning accuracy of 1cm @80% and 1cm@50% can be achieved for InF-SH and InF-DH scenarios respectively if these errors sources (i.e., timing errors, frequency error, ARP location error, and PCO) are not considered. The timing errors (transmitter/receiver initial phase errors) and the frequency errors (frequency offset (CFO)/Doppler, oscillator-drift) can be eliminated when the double differential technique is used. The impact of the PCO can also be negligible for a calibrated antenna. However, the evaluation results show ARP errors may have a significant impact on the positioning accuracy of single-carrier CPP due to the impact of ARP errors on the resolution of the integer ambiguity of the carrier phase measurements. Due to the impact of ARP errors on NR carrier phase positioning accuracy, RAN1 could not reach a consensus to recommend the support of carrier phase measurements for positioning in R18, although RAN1 has concluded that “it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving a horizontal accuracy of up to a few centimeters at least at 50% under certain conditions”[2].

In our view, the impact of some error sources, mainly the receiver antenna reference point (ARP) location errors, should not block introducing the carrier phase measurements for NR positioning in Rel-18 for multiple reasons:

1) The determination of an ARP location is an implementation issue. There are many existing approaches for determining the antenna location of a stationary reference station very accurately for supporting cm-level or even mm-level GNSS carrier phase positioning. 
2) In the evaluation of the SI, the ARP location error is modelled as truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) directions. These values were agreed relatively quickly without sufficient input from relevant sources and not enough time to study what values might be appropriate. For example, the assumption of T=5 cm is clearly too large for supporting cm-level positioning.
3) In the SI, multiple sources [2] have also shown that the impact of ARP position errors can be reduced significantly when carrier phases of multi-frequencies are reported, e.g., when carrier phases of subcarriers within the carrier bandwidth are reported. Using the carrier phases of multi-frequencies allows the resolution of the integer ambiguity without first using the ARP location to solve the UE location, and thereby avoids the impact of ARP position errors on the resolution of the integer ambiguity.
4) Rel-16/17 techniques were evaluated with the assumption of perfect ARP location. It is not a unique feature of CPP.

It is also worth pointing out that because of the time limitation of the SI, the evaluation results of the carrier phase measurements from the sources are limited to the use of single-shot carrier measurements with very basic NR CPP algorithms. We may expect to have much better NR CPP positioning accuracy when more advanced NR CPP algorithms are used with multiple-shot measurement carrier measurements.

Thus, based on the study and evaluation results of NR carrier phase positioning during the SI, and the above discussion, we strongly recommend including the support of carrier phase measurements for positioning in R18 WI on expanded and improved NR positioning.

[bookmark: P5]Proposal 5: For NR carrier phase positioning, the following objective should be included in Rel-18 WI scope.

· Specify physical layer measurements, and related signalling to support NR carrier phase positioning for both UE-based and UE-assisted positioning [RAN1, RAN2, RAN4].]
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.


LPHAP
The study of Rel-18 LPHAP focused on the evaluation of whether the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state can support the battery life and positioning requirements, and on the analysis of potential enhancements to address any limitations for UEs in RRC_INACTIVE and/or RRC_IDLE states. The evaluations on the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state show that the target battery life required by LPHAP use case 6 cannot be satisfied for majority of the evaluation scenarios that are examined. Based on the evaluation, it is concluded that enhancements to meet the target battery life in Rel-18 are necessary.

	The following enhancements for LPHAP are recommended for normative work:
-	For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work.
-	Extending DRX cycle beyond 10.24s was studied and found beneficial towards meeting the battery life requirement for LPHAP and is recommended for normative work on Rel-18 positioning enhancements from physical layer’s perspective.
-	From physical layer’s perspective, DL PRS measurement for UEs in RRC_IDLE state is recommended for the normative work.
Enhancements on simplified DL PRS configuration with 1-symbol PRS can be studied further and if needed, specified during normative phase. 

From RAN2’s perspective, LPHAP is recommended for normative work, including:
-    Enhancements on SRS configuration
-	SRS positioning validity area for UL positioning in RRC_INACTIVE is recommended for normative work from RAN2’s perspective if feasible from RAN1’s perspective.
-	SRS configuration request is recommended for normative work from RAN2’s perspective.
-	Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2’s perspective and recommended for normative work.
-    Alignment between DRX and PRS is recommended for normative work.
-    DL positioning in RRC_IDLE is recommended for normative work.
-    Skipping paging reception in RRC_INACTIVE is recommended for normative work for achieving LPHAP requirements, if feasible and beneficial from RAN1’s perspective. 




[bookmark: P6]Proposal 6: LPHAP should be supported in Rel-18 WI based on the recommendations from SI.

[bookmark: _Toc54552966][bookmark: _Toc54553088][bookmark: _Hlk62117352][bookmark: _Toc48211472]RedCap UE Positioning
The scope of the study on positioning for RedCap UEs is defined in the SID [7] as:
· Evaluation of positioning performance of existing positioning procedures and measurements with RedCap UEs
· Based on the evaluations, assessment of the necessity of enhancements and, if needed, identification of enhancements to help address limitations associated with RedCap UEs.

Based on the study, PRS frequency hopping and SRS frequency hopping are identified as the potential solution for accuracy improvement for RedCap UEs. Following issues need to be considered for supporting frequency hopping:
· Maximum tolerable phase error, timing gap, and timing error between hops.
· Considerations for IIoT, commercial, Public Safety and V2X scenarios, and UE capabilities.
· Details on the Tx or Rx hopping pattern(s), including frequency overlapping between hops, if supported.

[bookmark: P7]Proposal 7: PRS frequency hopping and SRS frequency hopping for RedCap UE positioning can be considered in Rel-18 WI.


Summary
In this contribution, we discussed the WI scope and objectives for Release 18 WI “Study on expanded and improved NR positioning” with the following proposals:

Proposal 1: For SL positioning, the maximum SL PRS bandwidth of 100 MHz needs to be considered for FR1. The maximum SL PRS bandwidth for FR1 should not be smaller than 100MHz.
Proposal 2: For SL positioning, the following objective should be included in Rel-18 WI scope.
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· Specify methods and measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS, including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric operation SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For Scheme 2, SCI can be used for reserving/indicating one or more SL-PRS resources [RAN1].
· Support resource allocation at least for dedicated resource pools for SL PRS [RAN1].
· shared resource pools can be considered as a lower priority
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (SLPP).
· Specify the enhancement of LPP and LMF functionalities for supporting SL positioning

Proposal 3: Integrity for RAT-Dependent Positioning can be included in Rel-18 WI scope.
Proposal 4: PRS/SRS bandwidth aggregation for positioning can be included in Rel-18 WI.Proposal 5: For NR carrier phase positioning, the following objective should be included in Rel-18 WI scope.

· Specify physical layer measurements, and related signalling to support NR carrier phase positioning for both UE-based and UE-assisted positioning [RAN1, RAN2, RAN4].]
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
Proposal 6: LPHAP should be supported in Rel-18 WI based on the recommendations from SI.
Proposal 7: PRS frequency hopping and SRS frequency hopping for RedCap UE positioning can be considered in Rel-18 WI.
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