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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the Rel-18 RAN Workshop in June, the summary RWS-210659 [1] from the RAN chair was endorsed. The endorsed summary includes expanded and improved positioning as follows:
	· 10. Expanded and improved Positioning, with the following example areas:
· Sidelink positioning/ranging
· Improved accuracy, integrity, and power efficiency
· RedCap positioning



In this paper, we present the view with respect to positioning enhancements in Rel-18.

2. Outcome of Rel-18 email discussion
Prior to this meeting, the email discussion [RAN93e-R18Prep-10] was summarized by the moderator with the following conclusion for discussion.
	The refined topics areas from this discussion are:
· Study/specify solutions (including reference signals, measurements, procedures, etc) for sidelink positioning considering the following: [RAN1, RAN2]
· To include ranging (i.e. relative positioning) and absolute positioning
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Note: The next phase of discussion will include selection of use cases to be used for evaluation and design. This does not restrict use of the solutions for other use cases.
· Spectrum: ITS, licensed
· Coordination with SA2 as required (e.g. architecture aspects)
· Improved accuracy, integrity, and power efficiency:
· Study/Specify solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1, Coordination with SA2 as required]
· Study/Specify solutions for accuracy improvement based on PRS/SRS bandwidth aggregation and NR carrier phase measurements [RAN1, RAN4, RAN2]
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RANfunctionality can support these power consumption and positioning requirements. Based on the evaluation, identify potential enhancements to help address any limitations [RAN1, RAN2]
· Define positioning support for RedCap UEs, considering the following:
· Evaluate performance of existing positioning procedures and measurements with RedCap UEs [RAN1, RAN4]
· Based on the evaluation, identify potential enhancements to help address possible limitations associated with for RedCap UEs [RAN1, RAN2]
· Define performance requirements for positioning by RedCap UEs [RAN4]
Notes from the moderator to RAN chair on possible controversial aspects:
· Regarding sidelink:
· 1 company wanted to remove the word ‘ranging’
· 1 company wanted to remove mention of ‘sidelink’
· Controversial whether or not to consider unlicensed spectrum
· The set of topics to be included in the accuracy improvement bullet may still be controversial
· A few companies felt that the LPHAP bullet was not yet sufficiently motivation to be included



2.1	Sidelink positioning
We still have concern on how ranging/relative positioning are handled by the moderator, and would also like to express our view on the use of unlicensed spectrum.
Ranging and relative positioning
We think that the understanding from the moderator on “ranging and relative positioning referred to the same thing” is controversial. According to TR 22.855 [20] and TR 38.845 [4], ranging accuracy and relative positioning are defined differently:
Ranging refers to the determination of the distance between two UEs and/or the direction of one UE from the other one via direct communication connection.
Relative positioning: relative positioning is to estimate position relatively to other network elements or relatively to other UEs.
For example, relative positioning may have the requirements on the longitudinal and lateral requirements for V2X use cases, but that is not required for any ranging use cases defined in TR 22.855 [20]. The ranging use cases listed in TR 22.855 [20] have requirements either on the distance between two UEs or requirements on the distance and angle between two UEs. When determining only the distance between two UEs, however, the relative position between the two UEs is not needed. Thus, ranging can be obtained from the relative position but the relative position may not be able to be determined from the ranging.  
Based on the above definitions, our understanding is that relative positioning should encompass a wider variety of use cases (e.g. V2X, PS) than ranging. 
In addition, the counterpart of the absolute positioning should be “relative positioning” instead of ranging, which is already used in the TR 38.845 [4].
There, we believe that using relative positioning should be more general than using ranging, and we are fine to include ranging as the service that can be considered under generic relative positioning.
Observation 1: There is clear difference between relative positioning and ranging, and in the moderator’s summary, “ranging (i.e. relative positioning)” should be replaced by “relative positioning (e.g. ranging)”.

Unlicensed spectrum
For unlicensed spectrum, we think that positioning on unlicensed spectrum should be lower priority given that general sidelink positioning on unlicensed spectrum is already included in a separate WI/SI. Adding positioning features on top of SL-U feature can be discussed later in the normative, similar to Rel-16 NR positioning and NR-U. Small modifications to fix the incompatibility can be allowed, but major optimization dedicated for SL positioning on unlicensed spectrum should be avoided.
We understand unlicensed spectrum for sidelink positioning could be beneficial for accuracy, and may be supported eventually in Rel-18, but building up sidelink positioning feature from scratch, e.g. on a spectrum that is not supported yet or is being specified simultaneously for generic sidelink communication may lead to unnecessary overlapping work or even contradictory solutions between positioning and communication. In addition, the progress of sidelink positioning in unlicensed bands may depend on the progress of the use of unlicensed bands for SL enhancements.

2.2	Accuracy, integrity, and power efficiency
In general, we are fine with the moderator’s summary, and would like to reply the comments from other companies on LPHAP.
LPHAP
On LPHAP use case and generic UE power efficiency, we think that LPHAP use cases entail a variety of solutions with specific requirement, including power efficiency and accuracy achieving at the same time. We understand power efficiency should be key to LPHAP, but we should note that the power efficiency optimization should anyway have at least a clear target of the LPHAP (battery life, positioning interval, accuracy) so not compromising the accuracy requirement should anyway be helpful. LPHAP is also characterized as low communication requirements, so that positioning bandwidth capability and communication bandwidth capability can be decoupled at the UE to achieve the balance between power consumption and positioning accuracy.
On the key directions under LPHAP/power efficiency, we think that for supporting LPHAP, some enhancements on positioning in RRC_INACTIVE are expected. It depends on whether the target set for LPHAP can be met after a proper power evaluation. The conclusion on the LPHAP solutions can be drawn within the WG as the outcome of the study and recommendation for normative work.

2.3	RedCap positioning
In general, we are fine with the moderator’s summary, but would like to note that the use case and requirements should be identified for RedCap UE in advance, so as to justify any enhancements needed.

2.4	Summary and proposal
With above comments provided, we have the following proposal on the proposed refined topics areas by the moderator.
Proposal 1: On the proposed refined topics areas by the moderator, modify the subbullet for sidelink positioning.
To include relative positioning (e.g. ranging) and absolute positioning


3. Conclusions
This paper presents our understanding on the Rel-18 expanded and improved positioning and comments/suggestions to the Rel-18 email discussion [RAN93e-R18Prep-10] prior to RAN#93-e.
Based on the discussion, we have the following observations and proposals.
Observation 1: There is clear difference between relative positioning and ranging, and in the moderator’s summary, “ranging (i.e. relative positioning)” should be replaced by “relative positioning (e.g. ranging)”.
Proposal 1: On the proposed refined topics areas by the moderator, modify the subbullet for sidelink positioning.
To include relative positioning (e.g. ranging) and absolute positioning

The following observations and proposals are according to the detailed technical discussion in the Appendix.
Observation 2: For LPHAP use cases are characterized with no data rate requirement, and location is the only service required for the UE.
Observation 3: The use cases of asset tracking and inbound logistics would require positioning of a device of low cost with <1m accuracy.
Observation 4: Compared with eMBB UE, the positioning accuracy for RedCap UE is seriously degraded due to the reduced bandwidth.

Proposal 2: Support sidelink positioning for V2X and PS use cases in network coverage, partial network coverage and out of network coverage.
Proposal 3: Support sidelink positioning to meet requirements on the relative and absolute position, including positioning requirement between vehicles, between vehicle and pedestrian and between vehicle and infrastructure. 
Proposal 4: For Rel. 18, sidelink positioning should be supported for the ITS and licensed bands. 
Proposal 5: For LPHAP, evaluate the power consumption with Rel-17 solutions and study the enhancement, if needed, to meet the service requirements.
Consider use case 6 from TS 22.104 as the baseline
Consider the power model in TR 38.840 as the starting point
Proposal 6: For enhancing positioning accuracy, specify simultaneous transmission and reception of PRS/SRS in multiple intra-band contiguous carriers in Rel-18 if the feasibility is confirmed by RAN4.
RAN1 can also investigate the methods that are robust to phase discontinuity around the CC boundary.
Proposal 7: For carrier phase based positioning, study the benefit of reporting phase of the first path and using the positioning reference unit for double differential methods, without fundamental change of the existing reference signals.
Proposal 8: Study RedCap based positioning to achieve high accuracy positioning, i.e., the comparable positioning accuracy as normal eMBB UE with 100MHz (i.e., sub-meter positioning accuracy).
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Appendix	Detailed technical considerations
In this section, we present the detailed considerations on the sidelink, enhanced Uu positioning, and RedCap positioning.
A.1	Sidelink positioning
To improve the service availability of advanced V2X applications, when there is neither network nor GNSS coverage, sidelink (SL) positioning has been requested by SAE [2] and 5GAA [3]. With sidelink positioning, a position requirement can be met based on sidelink measurements of reference signals sent in sidelink, i.e. over PC5. The use of sidelink for positioning has been studied in RAN SI [4]. 
The positioning use cases and requirements defined for V2X and public safety (PS) are summarized in TR 38.845 [4], which is to be finalized in RAN#93.The positioning requirements for V2X use cases agreed in TR 38.845 [4] can be grouped into three sets: 
	-	Set 1: 10 – 50 m with 68 – 95 % confidence level. This includes Group 1 in [5] and Service level 1 in [3].
-	Set 2: 1 – 3 m with 95 – 99 % confidence level. This includes Group 2 in [5], Service level 2, 3, 4 in [3].
-	Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level. This includes Group 3 in [5], Service level 5, 6, 7 in [3], the requirements in [4].



The above positioning requirements of a UE can be for the absolute position or relative position (i.e. with respect to another UE). The above positioning requirements can be in terms of the horizontal or lateral/longitudinal accuracy.
Sidelink positioning is expected to improve the positioning service availability in various scenarios where neither GNSS nor cellular base stations are available [2]. Sidelink positioning is available in in-coverage, partial coverage, out-of-coverage scenarios. 
Several V2X and PS use cases with positioning requirements need to operate independent of the network coverage, i.e. they should operate in network coverage, in partial network coverage or out of network coverage. When in network coverage, use cases can rely on Uu positioning for meeting the positioning requirements. However, in areas with poor or without network or GNSS coverage such as in tunnels, underground parking lots, remote wildfires [2], the performance of Uu positioning or GNSS can be limited. Thus, the positioning requirements of V2X and PS use cases in partial or out of network coverage may not be met with existing cellular-based positioning methods.
Besides being beneficial in partial network coverage and out of network coverage, sidelink positioning can also be considered in network coverage, e.g. to complement Uu positioning. Even if Uu positioning is able to meet a positioning requirement of a V2X use case, sidelink positioning offers several benefits like reduced latency and signalling which makes it attractive also in network coverage.
As R16/R17 sidelink design was over ITS (e.g. n47) and licensed bands (e.g. n14, n38, n79), sidelink positioning needs to be designed based on existing sidelink frameworks, and sidelink positioning should at least consider both ITS and licensed spectrum. 
Some V2X use cases requiring collision avoidance, e.g. coordinated V2X maneuvers or emergency braking, may only have a requirement on the relative position of a UE with respect to another participant, being another vehicle or a pedestrian. To meet the relative position requirement in such use cases, the absolute position of the UE and/or of the other participant are not needed. Sidelink positioning provides a more natural procedure for supporting positioning requirements on the relative position of a UE, i.e. a UE determines the relative position to another UE based on SL measurements.
Proposal 2: Support sidelink positioning for V2X and PS use cases in network coverage, partial network coverage and out of network coverage.
Proposal 3: Support sidelink positioning to meet requirements on the relative and absolute position, including positioning requirement between vehicles, between vehicle and pedestrian and between vehicle and infrastructure. 
Proposal 4: For Rel. 18, sidelink positioning should be supported for the ITS and licensed bands. 

A.2	Enhanced accuracy, integrity, power efficiency
A.2.1	Low power high accuracy positioning
LPHAP was proposed by [5][6], etc. during Rel-18 RAN workshop. The key requirement for LPHAP is to support a device that can have the positioning accuracy as high as <0.5m@90% with the battery life of up to a year.
For the use cases, the SA1#94 meeting in May 2021 approved the use cases and requirements of LPHAP [16], and eight use cases have been adopted in section A.7.2 of [17], including
1) Process automation: Dolly tracking (outdoor).
2) Process automation: Asset tracking.
3) Flexible modular assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
4) Process automation: Sequence container (Intralogistics).
5) Process automation: Palette tracking (e.g. in turbine construction).
6) Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
7) Flexible modular assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
8) Flexible modular assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
Table 1 summarizes the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for those use cases. 
[bookmark: _Ref73346019][bookmark: _Ref81056010]Table 1: LPHAP use cases [17]
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)



To support LPHAP, RAN may perform the evaluation on the UE power consumption assuming the accuracy target of LPHAP can be met with Rel-17 IIoT evaluation, e.g. 100MHz reference signal bandwidth in RRC_INACTIVE. In order to perform the evaluation of power consumption, we suggest to go with use case #6. The horizontal accuracy requirement, positioning interval, and battery life of case #6, are aligned with typical use case that are attractive to the industry.
In all the LPHAP use cases, e.g. use case 6: tracking of workpiece (in- and outdoor) in assembly area and warehouse, the service that requires the device to offer is its location, and there should be no data rate requirement for the LPHAP use cases The UE communication capability can be minimized which is meant to support positioning related functions, including UE initial access, network/security authentication, synchronization, and battery volume reporting if needed. 
Observation 2: For LPHAP use cases are characterized with no data rate requirement, and location is the only service required for the UE.
We may conduct the power consumption evaluation for the existing positioning methods, e.g. DL, UL, and DL+UL, to see whether the power consumption requirement can be met, and if needed, consider necessary enhancements to meet the requirement.
Proposal 5: For LPHAP, evaluate the power consumption with Rel-17 solutions and study the enhancement, if needed, to meet the service requirements.
Consider use case 6 from TS 22.104 as the baseline
Consider the power model in TR 38.840 as the starting point

[bookmark: _GoBack]A.2.2	PRS/SRS intra-band contiguous CA
PRS/SRS carrier aggregation support was proposed by [7][8], etc. during the Rel-18 RAN workshop.
Rel-17 SI has identified the benefit of PRS/SRS intra-band contiguous CA for accuracy enhancement [15].  Simulations results in [15] show that UL-TDOA in InF-DH scenario can improve the accuracy from 0.5m@90% with 100MHz band to <0.2m@90% by aggregating two contiguous bands of 100MHz.
Aggregating a contiguous spectrum for coherent transmission and reception of PRS/SRS with larger than 100MHz in FR1, e.g., 160MHz in 2.515GHz – 2.675GHz, and 200MHz in 3.4GHz – 3.6GHz, can effectively improve positioning accuracy. For practical IIoT deployment, enabling PRS/SRS frequency aggregation for NR positioning enhancement in Rel-18 is crucial to reach the 0.2m accuracy target so as to be competitive under the 7GHz indoor positioning market.
During the Rel-17 NR positioning SI, it was not yet discussed in RAN4 whether it is feasible on the phase coherency across multiple CCs. Rel-18 should consider the feasibility from RAN4.
In addition, RAN1 can also investigate for the intra-band contiguous case, the methods that are robust to phase discontinuity around the CC boundary.
Proposal 6: For enhancing positioning accuracy, specify simultaneous transmission and reception of PRS/SRS in multiple intra-band contiguous carriers in Rel-18 if the feasibility is confirmed by RAN4.
RAN1 can also investigate the methods that are robust to phase discontinuity around the CC boundary.

A.2.3	Carrier phase based positioning
There were proposal to support carrier phase based positioning by [9][10], etc. during the Rel-18 RAN workshop.
To our understanding, the key challenges for carrier phase based positioning include
Carrier phase synchronization between TRPs
Carrier phase measurement by the UE/TRP
Integer ambiguity resolution by the location engine
For synchronization, it was proposed by [9][10] that positioning reference unit (reference device) considered in Rel-17 can be used to calibrate the phase between TRPs, while operating at the same time as the target UE.
For carrier phase measurement by the UE/TRP, Rel-17 also discussed potential phase reporting to facilitate DL-AoD angle calculation and multi-path measurement reporting, but was down prioritized during the discussion.
For integer ambiguity, it more relies on the number of carrier phase measurements and the constraints set by the existing TOA/AOA measurement, and should not depend on UE/gNB motion unlike GNSS.
We are in general open to further study the benefit of reporting phase of the first path and jointly using PRU for double differential methods to support carrier phase based positioning. The evaluation should also look into whether the integer ambiguity can be resolved using (quasi-)stationary TRP/UE. Under that assumption, there shouldn’t be any fundamental change of the existing reference signals.
Proposal 7: For carrier phase based positioning, study the benefit of reporting phase of the first path and using the positioning reference unit for double differential methods, without fundamental change of the existing reference signals.

A.3	RedCap positioning
The endorsed the summary of Rel-18 RAN Workshop in June agreed to study RedCap positioning for expanded and improved positioning [1]. 
On the one hand, there exist multiple use cases that could require high accuracy positioning via a device with low cost. For example, asset tracking is expecting high positioning accuracy (30 cm ~ 1 m [21]) but only requires low communication capability (e.g., ≤ 1 Mbps [22]) for control service request and response. Another example would be inbound logistics, for which powerful location services (< 30 cm [21]) and low communication capabilities (e.g., ≤ 1 Mbps [22]) are required. On the other hand, the RedCap WI in Rel-17 is enabling a low cost device compared to the existing eMBB device, which can be considered as a potential solution for low cost and high accuracy positioning.
Observation 3: The use cases of asset tracking and inbound logistics would require positioning of a device of low cost with <1m accuracy.
Note that for the ongoing NR positioning study in Rel-17, the typical positioning method e.g., DL/UL TDOA, a larger bandwidth (e.g., 100MHz) is needed to achieve high accuracy positioning (sub-meter positioning accuracy) [15].  Therefore, RedCap enabled positioning may face the risk of degraded positioning accuracy due to the reduced bandwidth (i.e., 20MHz), as shown in Case 1 and Case 2 in Figure 1. Table 2 shows the positioning accuracy of the following two cases with simulation assumptions in [5]. 
Case 1: SRS transmission with a single 20MHz (RedCap UE with 1Tx).
Case 2: SRS transmission with a single 100MHz (Exiting eMBB UE with 2Tx).
Based on the simulation results of Table 2, we have the following observation:
Observation 4: Compared with eMBB UE, the positioning accuracy for RedCap UE is seriously degraded due to the reduced bandwidth.

Case 1. Single 20MHz
Case 2. Single 100MHz

[bookmark: _Ref81830931]Figure 1 Evaluated bandwidth for UL-TDOA positioning

[bookmark: _Ref81066477][bookmark: _Ref52281493]Table 2:  Positioning accuracy comparison of different cases (UL-TDOA positioning, FR1)
	Bandwidth 
	LOS/NLOS
	Positioning accuracy (in unit of meter)

	
	
	50%
	67%
	80%
	90%

	Case 1: 20MHz

	Ideal LOS
	0.550
	0.924
	1.537
	2.753

	
	NLOS detection 
	0.567
	0.947
	1.619
	3.443

	Case 2: 100MHz

	Ideal LOS
	0.041
	0.072
	0.123
	0.250

	
	NLOS detection 
	0.043
	0.079
	0.140
	0.330

	Note: 1) Ideal LOS means there is only LOS path. 2) NLOS detection means NLOS path is deleted via NLOS identification (e.g. RAIM).



Therefore, there is a need to further study how to achieve a relatively high positioning accuracy for RedCap positioning. So we propose to study how to enable RedCap UE to achieve low cost and high accurate positioning accuracy.
Proposal 8: Study RedCap based positioning to achieve high accuracy positioning, i.e., the comparable positioning accuracy as normal eMBB UE with 100MHz (i.e., sub-meter positioning accuracy).
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