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1. Introduction
Rel-17 study item [1] [2] on NR positioning has completed from RAN1 perspective. Meanwhile, RAN2 has agreed some potential enhancements in terms of latency reduction, on-demand DL PRS, positioning measurement reporting in RRC_INACTIVE state and positioning integrity in A-GNSS. The positioning enhancements are now proceeding to work item phase. In this contribution, we provide our views on scoping the Rel-17 positioning WI.
2. Conclusions of TR 38.857 
In conclusion section of TR 38.857 [3], the following enhancements are recommended for normative work,
· NR positioning for UEs in RRC_INACTIVE state, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state

· On-demand transmission and reception of DL PRS, which includes at least 
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.

· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions

· The enhancements of signalling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods. The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· the measurement gap
· the measurement request and reporting (e.g., via RRC signalling, MAC-CE and/or physical layer procedure, and/or priority rules)
· the measurement time
Furthermore, the following enhancements are recommended to be studied further and if needed, specified during normative work 
· 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
· Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighbouring gNBs
· Semi-persistent reception of DL PRS from the TRPs of the serving gNB and Semi-persistent reception of DL PRS from the TRPs of the neighbouring gNBs
· Enhancements of signalling & procedures for reducing NR positioning latency related to
· the request and response of positioning assistance data (e.g., via RRC signalling, MAC-CE and/or physical layer procedure)
· the reception of DL PRS (e.g., priority rules for the reception of DL PRS)

From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state. This does not imply that measurements have to be reported in RRC_IDLE state.
3. Enhancements for WI scope
3.1. Enhancements for improving positioning accuracy
One of the most important target for Rel-17 positioning is to increase positioning accuracy, according to TR 38.857, the following accuracy requirements are expected,
Target positioning accuracy requirements for commercial use cases are defined as follows:
· Horizontal positioning accuracy (< 1 m) for 90% of UEs
· Vertical positioning accuracy (< 3 m) for 90% of UEs
Target positioning accuracy requirements for IIoT use cases are defined as follows:
· Horizontal positioning accuracy (< 0.2 m) for 90% of UEs 
· Vertical positioning accuracy (< 1 m) for 90% of UEs 

Based on the evaluation in the SI, it has been observed for some cases, e.g., InF-DH, even without any timing error, the accuracy requirement cannot be met. In order to increase positioning accuracy, carrier aggregation was studied during SI phase. The following observation has been concluded in TR 38.857,
· Evaluation results show that aggregation of NR positioning frequency layers improves positioning accuracy under certain scenarios, configurations, and assumptions on modelled impairments.
In our view, for some bandwidth-limited bands, aggregating positioning resources from different positioning frequency layers or CCs will largely improve timing measurement accuracy. In addition, carrier aggregation is beneficial to all timing based positioning methods (i.e. UL/DL-TDOA, Multi-RTT). Some companies may argue that positioning resources from different CCs may have different RF chains, thus lead to phase offset between signals from different CCs, which may degrade the performance. However, it’s still possible that different CCs share the same RF chain, this is why we only consider contiguous intra-band carriers in Rel-17. Carrier aggregation is the only identified enhancement for improving timing resolution to address band-limited problem that may occur in Rel-16 design. So we propose this as the highest priority in WI scope for improving positioning accuracy

Angle based methods are promising techniques in massive MIMO deployment scenarios, which is independent of network synchronization errors and group delays. However, what we have defined in Rel-16 may not ensure precise angle measurements. For example, if beam information (e.g. characteristics of beam pattern) is unknown to UE (e.g. UE based positioning), UE can only decide angle measurements by RSRPs without consideration of beam shape information. Another example, if the LOS direction is blocked by obstacle that leads to huge attenuation loss of power (i.e. attenuated LOS, ALOS), and, in consequence, largest RSRP will not correspond to LOS direction. One possible way to mitigate ALOS problem is to report additional timing information aside from RSRP. 

During the study item phase, it’s observed that UE Rx/Tx and gNB Rx/Tx timing delays have significantly impact on positioning performance for timing based positioning methods (i.e. UL/DL-TDOA, Multi-RTT), thus it’s hard to meet requirement targets in Rel-17. Therefore, the mechanisms to eliminate the impact UE Rx/Tx and gNB Rx/Tx timing delays should be specified. RAN4 may need to get involved to check whether UE Rx/Tx and gNB Rx/Tx timing delays can be monitored and calibrated for positioning purpose.

Another important technique to improve positioning accuracy under low LOS probability scenario (e.g. InF-DH channel for IIOT use case) is to mitigate NLOS problem. We have finished the study on how to improve positioning accuracy under low LOS probability scenario, and the following observation has been concluded in TR 38.857,
· NR positioning by utilizing LOS/NLOS identification, outlier rejection, NLOS mitigation based on triangle inequality algorithms improves performance of positioning accuracy with respect to solutions that do not apply these techniques. 
Therefore, additional information reporting from UE and gNB should be supported in WI scope to assist determination of LOS/NLOS links in Rel.17.

Proposal 1: In order to improve positioning accuracy in Rel-17, the following enhancements are supported for RAN1 (leading WG) and RAN2 with different priorities in WI phase,
1st priority:
· Specify simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFL 
· Specify simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
2nd priority:
· Further enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of  DL-AOD method, at least the following aspects should be considered and specified in WI phase,
· Beam-shape information for both UE-based and network-based positioning solutions
· Support additional timing information in DL-AOD positioning measurement report
3rd priority:
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays need to be  specified in WI phase, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
4th priority:
· Specify enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
3.2. Enhancements for reducing positioning latency
As we know, Rel-16 only defines the requirements for DL PRS reception within measurement gap. RAN4 has defined additional measurement gap configurations for positioning purpose in Rel-16, but measurement gap configuration procedures and positioning measurement within measurement gap are main contributors for latency. However, Rel-17 is intended to design ultra-low latency positioning for IIOT use cases (< 10 ms for physical layer latency), so we propose to support DL PRS reception within active BWP without necessity of measurement gap. Some companies wanted to support measurement gap configuration through physical layer during the discussion in study item phase. In our view, it’s not a promising way to reduce latency since UE needs to interrupt data transmission and requires additional latency for transitional time to measurement gap.

In order to reduce latency of measurement reporting, physical layer positioning measurement reporting is preferred to reduce LPP message & RRC message processing delays for both UE side and gNB side. Similar to CSI feedback, positioning measurement report can follow unified framework as CSI report.

Rel-16 only supports periodic DL PRS reception configured by assistance date from LMF or POS SIB. According to observations in TR 38.857, assistance data configuration contributes a lot for end-to-end latency, so Rel.17 latency requirement (<100 ms for end-to-end latency) is hard to meet for most of positioning methods. Therefore, similar to positioning SRS, DL PRS can be pre-configured and triggered by physical layer signaling when needed. In our view, aperiodic DL PRS should be prioritized over semi-persistent DL PRS, since semi-persistent DL PRS needs additional delay for activation (e.g. 3 ms after HARQ-ACK corresponding to the PDSCH carrying the selection command).

Proposal 2: In order to reduce positioning latency in Rel-17, include the following enhancements for RAN1 (leading WG) and RAN4 in WI scope,
· Enhancements of signaling & procedures to support DL PRS reception outside the measurement gaps
· Enhancements of signaling & procedures to support positioning measurement report in  physical layer procedure and priority rules for  positioning measurement report
· Specify the corresponding enhancements on DCI-triggered reception of aperiodic DL PRS 
3.3. Enhancements for improving UE efficiency
UE positioning in RRC_INACTIVE state was studied in terms of improving UE efficiency and reducing positioning latency during study item phase. While how to support UE positioning in RRC_INACTIVE state should be a RAN2 centric objective. One further issue to consider is the reporting of the positioning information to the network in RRC_INACTIVE state. It should be noted that until Rel-16 no data transmission is possible before moving to RRC_CONNECTED state. However, the small data transmission feature which is being standardized as part of Rel-17 enhancements (see small data WI RP-201305 [4]) allows the UE to transmit small data packets without moving to RRC_CONNECTED state. Thus, it will be possible for the UE to report measurements whilst still in INACTIVE state. This feature hence should be leveraged in UE positioning enhancements in order to improve the signaling overhead associated with reporting positioning information in UL. Therefore, the reporting of the positioning information in RRC_INACTIVE state shall reuse the enhancements developed as part of the small data work item. However, for the UL and UL +DL positioning methods, in order to support the transmission of SRS in INACTIVE state, more discussion will be required in RAN2 to understand the impact on resource configuration/selection, TA maintenance, cell reselection, etc. Considering the limited time budget in Rel-17, it is not clear whether we can have enough time to address all these issues. Hence, the DL positioning method should be prioritized over UL or UL+DL positioning methods in RRC_INACTIVE state.

In  Rel-16 NR positioning, UE already supports to perform DL positioning measurement in RRC_IDLE state by utilizing broadcast DL PRS. In our understanding, RAN4 should further define the requirements for DL positioning measurement in RRC_IDLE state in Rel-17. In addition, it has been agreed that Rel-17 SDT is only supported in RRC_INACTIVE state, therefore, DL positioning measurements or estimates reporting in RRC_IDLE state should not be supported in Rel-17. Furthermore, considering the heavy workload and the TU limit, whether it’s necessary to support UL positioning method in RRC_IDLE state can be discussed in further release

Proposal 3: In order to improve UE efficiency in Rel-17, include the following enhancements for RAN2 (leading WG) and RAN1 in WI scope,
· Support NR positioning for UEs in RRC_INACTIVE state, including
· DL positioning method
· Whether to support UL or UL+DL positioning methods should be confirmed by RAN2
· UE-based and UE-assisted positioning solutions
· Enhancements of signaling & procedures to support UE positioning measurements based on DL PRS for UEs in RRC_INACTIVE state
· The reporting of the positioning information in RRC_INACTIVE state shall reuse the enhancements developed as part of the small data work item (RP-201305)
3.4. Enhancements for improving network efficiency
Rel-16 only supports periodic DL PRS, which is always on even there is no UE to perform positioning. This design will obviously reduce network efficiency in terms of power saving and resource utilization. In addition, Rel-17 requires more stringent positioning accuracy and latency, periodic DL PRS may not be enough to meet the targets, so UE/network can require additional DL PRS with larger bandwidth or smaller latency. For example, network may trigger aperiodic DL PRS to response the temporary positioning request from UE.

Proposal 4: In order to improve network efficiency in Rel-17, include the following enhancements for RAN2 (leading WG) and RAN1 in WI scope,
· Support UE-initiated and  LMF (network)-initiated request of on-demand DL PRS transmission, at least including,
· Enhancements of signaling & procedures to switch on/off  periodic DL PRS
· Enhancements of signaling & procedures to request aperiodic DL PRS in physical layer
[bookmark: OLE_LINK3]3.5 Positioning integrity in A-GNSS
The positioning integrity has been widely studied and used in GNSS field nowadays. And the definition, KPIs of positioning integrity and related error sources are discussing in RAN2 in Rel-17 study item. Besides, the discussion in RAN2 also includes potential solutions about how to support the positioning integrity in A-GNSS positioning method from 3GPP’s perspective. E.g. methodologies for positioning integrity, error sources transportation, KPIs requirement. With the assistant of positioning integrity and reliability of assistance data, the positioning estimate result can be more credible and stable. Although the discussion about positioning integrity is still ongoing in RAN2, the implementation of positioning integrity and reliability of assistance data is supported by majority companies and should be covered by Rel-17 WI scope.

Proposal 5: The following enhancement for RAN2 shall be included in the WI scope:
· Support positioning integrity and reliability of assistance data and position information for A-GNSS positioning method.
Conclusions    
In the previous sections we made the following proposals: 
Proposal 1: In order to improve positioning accuracy in Rel-17, the following enhancements are supported for RAN1 (leading WG) and RAN2 with different priorities in WI phase,
1st priority:
· Specify simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFL
· Specify simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
2nd priority:
· Further enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of  DL-AOD method, at least the following aspects should be considered and specified in WI phase,
· Beam-shape information for both UE-based and network-based positioning solutions
· Support additional timing information in DL-AOD positioning measurement report
3rd priority:
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays need to be  specified in WI phase, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
4th priority:
· Specify enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
Proposal 2: In order to reduce positioning latency in Rel-17, include the following enhancements for RAN1 (leading WG) and RAN4 in WI scope,
· Enhancements of signaling & procedures to support DL PRS reception outside the measurement gaps
· Enhancements of signaling & procedures to support positioning measurement report in  physical layer procedure and priority rules for  positioning measurement report
· Specify the corresponding enhancements on DCI-triggered reception of aperiodic DL PRS 
Proposal 3: In order to improve UE efficiency in Rel-17, include the following enhancements for RAN2 (leading WG) and RAN1 in WI scope,
· Support NR positioning for UEs in RRC_INACTIVE state, including
· DL positioning method
· Whether to support UL or UL+DL positioning methods should be confirmed by RAN2
· UE-based and UE-assisted positioning solutions
· Enhancements of signaling & procedures to support UE positioning measurements based on DL PRS for UEs in RRC_INACTIVE state
· The reporting of the positioning information in RRC_INACTIVE state shall reuse the enhancements developed as part of the small data work item (RP-201305)
Proposal 4: In order to improve network efficiency in Rel-17, include the following enhancements for RAN2 (leading WG) and RAN1 in WI scope,
· Support UE-initiated and  LMF (network)-initiated request of on-demand DL PRS transmission, at least including,
· Enhancements of signaling & procedures to switch on/off  periodic DL PRS
· Enhancements of signaling & procedures to request aperiodic DL PRS in physical layer
Proposal 5: The following enhancement for RAN2 shall be included in the WI scope:
· Support positioning integrity and reliability of assistance data and position information for A-GNSS positioning method.

Based on the above proposals, we propose to include the following items to be led by RAN1 in WI scope.
· For accuracy enhancement:
· Specify simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFL
· Specify simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
· Further enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of  DL-AOD method, at least the following aspects should be considered and specified in WI phase,
· Beam-shape information for both UE-based and network-based positioning solutions
· Support additional timing information in DL-AOD positioning measurement report
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays need to be  specified in WI phase, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· For lower latency
· Enhancements of signaling & procedures to support DL PRS reception outside the measurement gaps
· Enhancements of signaling & procedures to support positioning measurement report in physical layer procedure and priority rules for  positioning measurement report
· Specify the corresponding enhancements on DCI-triggered reception of aperiodic DL PRS 
The following item to enhance accuracy can be further considered if time allows.
· Specify enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation.
The following items led by RAN2 can be considered in WI phase.
· Support NR positioning for UEs in RRC_INACTIVE state, including
· [bookmark: _GoBack]DL positioning method
· Whether to support UL or UL+DL positioning methods should be confirmed by RAN2
· UE-based and UE-assisted positioning solutions
· Enhancements of signaling & procedures to support UE positioning measurements based on DL PRS for UEs in RRC_INACTIVE state
· The reporting of the positioning information in RRC_INACTIVE state shall reuse the enhancements developed as part of the small data work item (RP-201305)
· Support UE-initiated and  LMF (network)-initiated request of on-demand DL PRS transmission, at least including,
· Enhancements of signaling & procedures to switch on/off  periodic DL PRS
· Enhancements of signaling & procedures to request aperiodic DL PRS in physical layer
· Support positioning integrity and reliability of assistance data and position information for A-GNSS positioning method.
Last but not least, as the RAN2 study item is still on-going, it is proposed to only include the RAN1-led items in WID in RAN#90e. Further, the impact on other RAN2 WI like small data enhancement can be diagnosed during the RAN2 positioning SI. Then the RAN2-led items can be further reviewed and added after the RAN2 SI completes.
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