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1 Introduction
In RAN#86 meeting, the study item on NR positioning enhancements was approved under release 17 [1]. Accordingly, the enhancement discussion initiated by RAN 1 in meeting #102-e onwards. Following are the initial agreements on enhancement over Rel 16 positioning. 

Agreement:
Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study

[bookmark: __DdeLink__312675_389192002]Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 

Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signalling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.


Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)


Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.

This contribution provides our view on details of some of the agreements mentioned above. Further, it provides discussion on additional topics to be included in the study which are necessary to achieve the objections agreed in the SI document [1].

2 Accuracy enhancement in NR RAT based positioning
The positioning accuracy expected for new commercial use cases is less than 1 m in both horizontal and vertical direction where as in IIoT case it is less than 20 cm. Release-16 study satisfies the accuracy around 3 m for indoor scenario and 10 m for outdoor scenarios. Further in some cases due to the network synchronization error, the achievable accuracy is much lower than the required accuracy. Some of the areas are identified in the meeting 102-e. 
2.1 LOS/NLOS indication along with timing measurement reports for position-calculation
NLOS is one of the major sources of error in positioning. Release 16 support reporting of up to 3 RSTD values for TDOA based positioning. However, this does not provide enough information about whether an RSTD value corresponds to the LOS or NLOS path. The reporting of angle of arrival, power and LOS confidence for multiple significant paths can help in detection and mitigation of NLOS paths. Similarly, BS should report AoD measurements to LMF. With the help of angle measurements, power of taps and LOS confidence level LMF can weigh the reported RSTD values for positioning estimation. This will eventually improve the accuracy. Similarly, in case of UE based positioning, the LMF should provide this information to the UE.
Observation 1: The reporting of angle of arrival, power and LOS confidence can help in detection and mitigation of NLOS paths. 
Proposal 1:  LOS confidence, power level and angle information of LOS path should be reported along with timing measurements in Release-17.

2.2 Network synchronization error estimation
Rel 17 positioning is expected to achieve 20cm level accuracy for some of the use case (e.g. IIoT). This required the very tight time synchronization among the gNBs taking participation in positioning triangulation. Such ideal synchronization is challenging across gNBs. Synchronization error of order 50ns will cause positioning error of 15m, which hampers the performance of positioning methods drastically. Figure 1 indicate the performance degradation of positioning due to network synchronization error in factory environment. Therefore, network synchronization error should be accurately measured and compensated at LMF from the reported measurements of the UE. 
[image: ]
Figure 1: Positioning accuracy error due to network synchronization issue. This is performed for InF-DH scenario using DL-TDOA method.
[bookmark: __DdeLink__351_1832037602]This can be achieved by using one or more reference nodes whose locations are accurately known. These nodes will perform the same positioning measurement but rather than reporting TDOAs, it will estimate the network synchronization error (can be called as PRS synchronization error) with different gNB pairs and report these information back to the LMF, who can correct the clock offset using these information for position estimation. This is illustrated in figure 2. The placement of the reference node can be planned in such a way that there is high chance of the LOS visibility (e.g. deployment of reference UE above the IIoT maximum gNB height) or a node can be chosen with desirable propagation characteristics whose location is precisely known. This will increase the hearability of all the gNB PRS signal and results in a low measurement error in network synchronization error Figure 1 (blue coloured curve) shows that if such correction is applied during positioning estimation, accuracy will improve close to perfect synchronization case. The gap in performance between perfect synchronization and offset correction is due to the ToA estimation error. The ToA estimation error is much lower for super-resolution methods compared to IFFT/PDP based methods, which is used in the above results. Hence, anchor node-based network synchronization error correction methods can achieve sub-meter level accuracy in IIoT scenarios.
Proposal 2: Deployment of reference UE in IIoT and indoor office scenario should be adopted for determination of the network synchronization error. 
Figure 2: Network synchronization based on reference node.

As shown in the figure 2, PRS from multiple TPs/TRPs will be received and network synchronization error will be estimated by reference UE/s. These network synchronization error among the gNB pairs should be reported back to the LMF. Network synchronization error can be estimated using DL positioning, UL positioning and DL+UL positioning methods. In case of DL positioning, PRS reference signal will be used for measurement, while in case of UL positioning SRS will be used for the measurement. In case of UL measurement, the gNB will know the reference UE node location based on which, it will estimate the error and provide it to the LMF. New measurement reporting field will be introduced for reporting the network synchronization error to LMF both in LPP and NRPPa. For example, ProvideLocationInformation-r16 in LPP or in MEASUREMENT RESPONSE message in NRPPa.
Observation 2: Reference node-based network synchronization error estimation can be applicable to DL positioning, UL positioning and/or DL+UL positioning methods.

Proposal 3: New measurement and reporting field should be introduced for the network synchronization error estimation both in LPP and NRPPa for DL positioning and UL positioning, respectively.

2.3 Position estimation based on UE groups
Warehouses and inventories contain a massive number of devices that are kept and moved in groups. The positioning of these devices poses a huge measurement and reporting overhead and consumes much power. Many of these devices may not even be in LOS with multiple BSs degrading the accuracy of position estimates. The network can group these devices, and their location of most of the UEs in the group can be estimated based on relative positioning. Standards should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. The network can position a few UEs who have a good connection with multiple BSs. The rest of the UEs in the group can be positioned considering these UEs as a reference or anchor UEs. CLI measurement mechanism can be used for this purpose which is standardised in Release 16. The mentioned scheme is explained in figure 3. Hidden node should be allowed to receive the SRS transmitted by the adjacent anchor UEs. Rel 16 positioning framework can be reused with minimum modifications. gNB need to provide the SRS configurations of anchor UEs to LMF (which UE reports in Rel 16 over NRPPa) with indication that they are meant for hidden UE as PRS. Hidden UE will measure the SRS detected and report back using the same Rel 16 LPP reporting mechanism. 
 


[image: ]Fig 3: Positioning a UE in the group based on relative positioning.

Proposal 4: Release-17 should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. Release-16 CLI measurement mechanism can be baseline.
3 Latency reduction in NR positioning
In meeting #102-e, it was agreed that the physical layer latency reduction is critical to achieve the envisioned end-to-end latency of 10ms. Main physical layer factors affecting the positioning latency are PRS configurations, PRS processing, measurement gap configuration, assistance data signalling and reporting of measurement to LMF. 
In Rel 16 positioning, the DL PRS transmission is periodic while UL SRS transmission can be periodic, aperiodic or semipersistent. Due to periodic DL PRS transmission, UE need to wait for appropriate slot for DL-PRS measurements upon receiving RequestLocationInformation from LMF. This delay can be avoided by allowing lower layer triggering of DL-PRS resource via DCI or MAC-CE. 
Proposal 5:  Lower layer (MAC-CE and /or DCI based) DL-PRS configuration triggering should be allowed in Rel 17 positioning enhancement.
Presently measurement gap is configured if the PRS is being transmitted in different BWP (frequency layer) than UE is operating in. MG is configured through RRC which causes unnecessary delay in configuration. This can be avoided by indicating the MG using lower layer signalling via DCI or MAC-CE. 
Proposal 6: Lower layer (MAC-CE and /or DCI based) DL triggered measurement gap should be allowed in Rel 17 positioning enhancement.
 In Rel 16 positioning, location information transfer procedure includes RequestLocationInformation and ProvideLocationInformation coupled together and required to transfer using NAS signalling. Therefore, even though measurements are performed in lower layers, this need to be transfer for LPP which is above NAS and then sent to LMF. These additional steps in positioning reporting can be avoided by enabling lower layer reporting through RRC to gNB.  Further it will be more efficient from latency perspective if positioning estimation happens in NG-RAN itself. This particular situation is very much possible in IIoT scenarios, where most of the TPs/TRPs will be under same NG-RAN and having positioning estimation in NG-RAN is feasible. This will avoid the few steps in signal flow to reduce latency further. In this case, ProvideLocationInformation will terminate at NG-RAN. Therefore, to realise this kind of signalling, decoupling between RequestLocationInformation and ProvideLocationInformation is necessary. 
Proposal 7: NG-RAN based positioning estimation should be configured to reduce the latency. 

4 Device power reduction for IIoT scenarios
Idle and inactive mode support 
In meeting #102-e, initial agreement to study the idle and inactive mode was agreed. Open issues are the methods and the signalling procedures to be discussed in this meeting. In inactive mode, from CN perspective, UE will be in a connected mode. Therefore, assistance information (ProvideAssistanceData message), location request (RequestLocationInformation) messages are available at gNB from LMF. gNB will transfer this information over broadcast channel to the UE.  The positioning SIB can be periodically transferred to UE in inactive mode and RAN paging can be used for indicating about positioning SIB. Similarly, as gNBs (NG-RAN) have stored the context of UEs in active mode, NRPPa signalling can be established the same way as in connected mode. 
Observation 3: In inactive mode, location assistance data and location request message can be broadcasted to UE using positioning SIB and indicated using RAN paging. 
But issue will remain on how UE will convey the capability information and positioning measurements to the LMF in inactive mode. One solution for this will be using the MsgA in two-step RACH. Similarly, methods from small data SI can be used for this purpose. Resuming the RRC connected state will be another solution, which need to be further study wrt achievable power saving gain. 
Observation 4: UE positioning capability transfer and measurement reporting from UE can be done over MsgA in 2- step RACH and small data transfer from UE. 

Proposal 8: In inactive mode, broadcast channel should be used for ProvideAssistanceData and RequestLocationInformation message. Whereas availability of positioning SIB should be indicated to UE using RAN based paging.
Proposal 9: In inactive mode, UE will report its positioning measurement in MsgA of RACH.

In UE Idle mode, CN will have UE context but not in the NR-RAN. Therefore, for delivering the positioning request and assistance information to UE, CN paging and positioning SIB can be used. Reporting of measurement can happen over RACH MsgA as mentioned in inactive case.
Proposal 10: For RRC idle mode, CN paging and positioning SIB should be used for signalling ProvideAssistanceData and RequestLocationInformation message from LMF. For reporting, RACH procedure should be used.
[bookmark: __DdeLink__68759_1576307158]In DL positioning method, gNB can be indicated to transfer the DL PRS periodically using NRPPa message. Similarly, in case on UL positioning based method, SRS can be configured to transmit periodically by UE using the RequestLocationInformation. Same can be applicable for DL-UL based and M-RTT methods. Therefore, idle and inactive mode positioning should be applicable for DL based, UL based, DL-UL based method and M-RTT methods. 
Another issue in idle and inactive state of UE is the change in its tracking area (TA) and RAN notification area (RNA) which need to be conveyed to LMF. In NR, UE report its change in TA and RNA to CN and RAN on it roam outside the TA or RNA. This update needs to be conveyed to LMF as well to update the positioning assistance information if necessary. 
Proposal 11: Change in UE tracking area or RAN notification area need to be convey to LMF.
5 Network signalling optimization
On demand PRS
In FR2, finding the effective Tx-RX pair for transmission of PRS is very important. This is done by doing Tx beam sweeping and Rx beam sweeping and finding the appropriate PRS measurement. But this is increasing the PRS signalling overhead. Moreover, it will decrease device efficiency in terms of power and latency as it needs to monitor many PRS on different beam pairs. Therefore, it is necessary to optimise in Release-17 for better network and device efficiency. One solution to this is configuring the multiple PRS configurations through LMF but trigger few of them through gNB (may be via DCI) dynamically based on UEs demand signalled to the gNBs. UE may choose the appropriate configuration based on favourable Tx-Rx pair for better hearability of the PRS. Alone with network signalling overhead reduction it will reduce the positioning latency as UE will demand PRS using lower layer signalling.
Proposal 12: UE will dynamically indicate the DL or UL PRS resources to be configured based on favourable beam configuration from the set of configured resources by LMF. 

6 Conclusions
Following are the observations and proposals for positioning enhancement in Release-17 proposed in present contribution.
Observation 1: Reporting LOS confidence and path angle can help in detection and mitigation of NLOS paths. 
Observation 2: Reference node-based network synchronization error estimation can be applicable to DL positioning, UL positioning and/or DL+UL positioning methods.
Observation 3: In inactive mode, location assistance data and location request message can be broadcasted to UE using positioning SIB and indicated using RAN paging. 
Observation 4: UE positioning capability transfer and measurement reporting from UE can be done over MsgA in 2- step RACH and small data transfer from UE. 

Proposal 1: Reporting of LOS confidence, power level and angle information of LOS path should be reported along with timing measurements in Release-17.
Proposal 2: Deployment of reference UE in IIoT and indoor office scenario should be adopted for determination of the network synchronization error. 
Proposal 3: New measurement and reporting field should be introduced for the network synchronization error estimation both in LPP and NRPPa for DL positioning and UL positioning, respectively.
Proposal 4: Release-17 should support reporting of measurements by a UE performed on the SRS transmitted by other UEs. Release-16 CLI measurement mechanism can be baseline.
Proposal 5:  Lower layer based (MAC-CE and /or DCI based) DL-PRS configuration triggering should be allowed in Rel 17 positioning enhancement.
Proposal 6: Lower layer (MAC-CE and /or DCI based) DL triggered measurement gap should be allowed in Rel 17 positioning enhancement.
Proposal 7: NG-RAN based positioning estimation should be configured to reduce the latency. 
Proposal 8: In inactive mode, broadcast channel should be used for ProvideAssistanceData and RequestLocationInformation message. Whereas availability of positioning SIB should be indicated to UE using RAN based paging.
Proposal 9: In inactive mode, UE will report its positioning measurement in MsgA of RACH.
Proposal 10: For RRC idle mode, CN paging and positioning SIB should be used for signalling ProvideAssistanceData and RequestLocationInformation message from LMF. For reporting, RACH procedure should be used.
Proposal 11: Change in UE tracking area or RAN notification area need to be convey to LMF.
Proposal 12: UE will dynamically indicate the DL or UL PRS resources to be configured based on favourable beam configuration from the set of configured resources by LMF. 
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