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[bookmark: _Ref129681832]In this paper, we present our views on the positioning further enhancement in Rel-19.

Uu positioning enhancements
Overall targets
Figure 1 shows the summary of NR positioning techniques evolution from Rel-16 to Rel-18, which drives the accuracy target from meter-level to sub-meter level, as well as improvement of other KPIs, such as latency and power consumption.
R16
Basic NR positioning
· Regulatory: horizontal 50m@80%
· Commercial outdoor: 10m@80% 
· Commercial indoor: 3m@80% 
Features
· 6 NR positioning methods
· New positioning reference signals
· Positioning measurement (UE/gNB)
· Physical layer procedure
· Positioning signaling and procedure
· UE-based positioning support
· PPP-SSR assistance data
· Broadcast assistance data (NR PosSIB)
· SI request in CONNECTED state
R17
IIoT positioning
· Accuracy: 0.2m/0.5m@90%
· Latency: 100ms 
Features
· LOS/NLOS identification
· Group delay labeling
· Multi-path assisted positioning
· Angle-based positioning enhancements: (AoA/AoD)
· PRS measurement without measurement gap
· INACTIVE state positioning
· On-demand PRS
· GNSS integrity
R18
IIoT and V2X positioning
· Battery life: 1 year
· Accuracy: 0.2m@90%
Features
· INACTIVE state positioning with SRS validity area and eDRX 
· BW aggregation for intra-band contiguous CCs
· RSCP measurement for CPP
· Ranging/SL positioning
· Frequency hopping positioning
· NR positioning integrity
· IDLE state DL positioning
Basic NR positioning functionality: 0.5m@90%
IIoT positioning evolution: 
1 year battery life & 0.2m@90%

[bookmark: _Ref142034309]Figure 1 summary of NR positioning evolution 
There are still demanding needs in the industry for higher positioning accuracy. For example, a growing market of AGV (automated guided vehicle) navigation requires the accuracy of 10cm@90%.
Currently, the existing AGV system uses lasers, cameras, and IMU (inertial measurement unit) sensors for high accuracy positioning. However, those sensors suffer from high cost in facility and maintenance. For example, the lasers and cameras require SLAM (simultaneous localization and mapping) in the first place and the performance will degrade when environment changes. For IMU sensor, the error may accumulate and high precision IMU is quite expensive.
Therefore, further positioning enhancement in Rel-19 based on the deployed 5G cellular network to meet the more stringent requirement is more economically appealing.
Proposal 1: Rel-19 positioning enhancement should target the accuracy of 0.1m@90% for AGV use cases.
Regarding the candidate techniques, the enhancement for mmWave positioning and carrier phase positioning should be considered.

mmWave positioning enhancements
With regards to mmWave positioning, thanks to the large bandwidth (400MHz per CC/1200MHz using BW aggregation), it has the potential to achieve a higher accuracy of ToA estimation.
The positioning techniques, as discussed in Rel-16 the SRS beamforming towards neighboring cells, in Rel-17 the TEG features, and in Rel-18 a finer granularity of ToA reporting, mostly apply for FR1 and target multi-TRP based positioning, such as TDOA and multi-RTT methods. When actually deployed in FR2, it requires both Rx and Tx beam sweeping to reach beam alignment between the target UE and multiple TRPs, during which the UE panel switching will inevitably reduce the achievable accuracy.
For panel switching, the Rel-17 TEG feature attempted to resolve it by tagging the TEG ID with different panels, as shown in Figure 2. Without actually compensating the group delay between panels, the location fix suffers from the large GDOP (geographical delusion of precision) on x-axis.
Observation 1: For multi-TRP based location method deployed in FR2, the TEG feature does not address the degraded performance due to large GDOP.
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[bookmark: _Ref142032894]Figure 2 Intra-panel TDOA using TEG features
Other problems concerning real deployment to meet the high accuracy as 0.1m, are the lack of LoS TRPs, UE clock drift, and the network synchronization, which have been well recognized during the studies in earlier releases [1][2][3].
In our view, overall it is challenging to meet the target requirement considering the impairments in both UE and network for the multi-TRP based positioning. Instead, single TRP positioning with advantages to resolve all the above problems can be considered, since
· It only requires a single LoS TRP, instead of large number of LoS TRPs.
· Only a single UE panel is needed, and thus panel switching may not exist at all.
· The SRS resources for a single TRP can be configured very close in time so as to mitigate the impact of clock drift.
· No requirement for synchronization cross TRPs given only a single TRP is involved for positioning.
The existing single TRP positioning solution is based on RTT + AoA. However, the RTT measurement is subject to group delay calibration at both UE and TRP, which would result in 0.6 meters error in ranging if the group delay error is 2ns.
To mitigate the impact from the group delay error on the RTT measurement, multi-path positioning should be considered, where the group delay error can be canceled by the TDOA of one path and an additional path. The additional path can be based on selected objects in the environment that can generate a nice reflection with comparably accurate positioning measurements as the LoS path.
Other potential change for mmWave positioning could consider the left-over from Rel-17 with regards to the new channel BW and the new SCS, which can provide a better ToA estimate.
Proposal 2: Rel-19 should further study multi-path positioning enhancement, e.g., to mitigate the group delay error targeting singe TRP mmWave positioning, including FR2-2.

CPP enhancements
Carrier phase positioning shows the potential to meet extremely high accuracy according to the study during Rel-18 [3]. One of the key challenges for carrier phase positioning is the integer ambiguity resolution with the presence of other impairments, e.g. the gNB ARP error. A robust way of integer ambiguity resolution may generalize carrier phase positioning application in a broader service area, and a better UE localization can further relax the gNB ARP calibration requirement.
Proposal 3: Rel-19 should further study methods to resolve the integer ambiguity for carrier phase positioning.

SL positioning enhancements 
Physical layer aspects
For the potential SL positioning enhancement in Rel-19 as interested by several companies, e.g., SL unlicensed positioning, we should first check whether the feature can already be supported in Rel-18.
Rel-18 SL positioning supports both shared resource pool containing SL-SCH+SL-PRS and dedicated resource pool used only for SL-PRS transmission. 
For shared resource pool in Rel-18 SL positioning, SL-PRS and PSSCH are TDMed in the same slot and have same bandwidth, and the SL-PRS is embedded within PSSCH transmission similar to SL CSI-RS. With SL-U feature applied to the shared resource pool as shown in Figure 3, SL-PRS would always be transmitted in a subchannel with PSSCH in frequency domain for both contiguous RB and interlaced RB. Therefore, SL PRS transmission in the shared resource pool applied for SL-U communication is supported in terms of the structure design. 
With regard to resource allocation, Scheme 1 and Scheme 2 in SL positioning is equivalent to Mode 1 and Mode 2 in SL communication. The SL-PRS can be scheduled using SL-U 1st stage SCI (i.e. 1A) + 2D, which is also naturally supported. 
The only gap is the performance impact for the SL-PRS transmission using interlace structure, which may not be considered in RAN4 during the Rel-18 timeframe.
Therefore, no work is needed in Rel-19 for supporting SL PRS transmission in the shared resource pool used for SL-U communication, except for possible RAN4 performance requirements.
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[bookmark: _Ref142041805]Figure 3: Example of PSSCH and SL-PRS mapping for shared resource pool: (a) in terms of contiguous RB, (b) in terms of interlaced RB

Observation 2: The core functionality of SL positioning using shared resource pool for SL unlicensed communication is naturally supported within Rel-18, except for the corresponding RAN4 requirements.
Therefore, we think that only dedicated resource pool can be considered for enhancement with respect to the SL unlicensed positioning.
Proposal 4: If SL unlicensed positioning is included in Rel-19, the focus should be on dedicated resource pool.

Higher layer aspects from Rel-18 left-overs
The following conclusion has been made during RAN2#123:

RAN2 see risk to completion of sidelink positioning with the current scope.

It is likely that part of the Rel-18 RAN2 working scope on SL positioning will have to be postponed to Rel-19, due to heavy workload.
For example, RAN2 could further work on following leftovers from Rel-18 if they are excluded from Rel-18.
· Synchronization and coordinated resource allocation across multiple anchor UEs at least for SL-TDOA
· Positioning for multiple target UEs
· Broadcast/groupcast SLPP transport
· Meta-data for SLPP if SA2 concluded the content is required.

Proposal 5: RAN2 could start with the following left-over from Rel-18 if SL positioning down-scoping is agreed in RAN#101.
· Synchronization and coordinated resource allocation across multiple anchor UEs at least for SL-TDOA
· Positioning for multiple target UEs
· Broadcast/groupcast SLPP transport
· Meta-data for SLPP if SA2 concluded the content is required.
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In this paper, we discussed our preference over the Rel-19 positioning scope. Based on the discussion, we have the following observations and proposals.
Observation 1: For multi-TRP based location method deployed in FR2, the TEG feature does not address the degraded performance due to large GDOP.
Observation 2: The core functionality of SL positioning using shared resource pool for SL unlicensed communication is naturally supported within Rel-18, except for the corresponding RAN4 requirements.
Proposal 1: Rel-19 positioning enhancement should target the accuracy of 0.1m@90% for AGV use cases.
Proposal 2: Rel-19 should further study multi-path positioning enhancement, e.g., to mitigate the group delay error targeting singe TRP mmWave positioning, including FR2-2.
[bookmark: _GoBack]Proposal 3: Rel-19 should further study methods to resolve the integer ambiguity for carrier phase positioning.
Proposal 4: If SL unlicensed positioning is included in Rel-19, the focus should be on dedicated resource pool.
Proposal 5: RAN2 could start with the following left-over from Rel-18 if SL positioning down-scoping is agreed in RAN#101.
· Synchronization and coordinated resource allocation across multiple anchor UEs at least for SL-TDOA
· Positioning for multiple target UEs
· Broadcast/groupcast SLPP transport
· Meta-data for SLPP if SA2 concluded the content is required.
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