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Introduction
[bookmark: _Hlk510705081]Rel.17 WID [1] has RAN1/2-led objectives that may/will require RAN4 involvement. In this contribution we discuss Rel-17 work plan and the overall status of the WI.
Also, At RAN4 #98bis-e, RAN4 has received LS [3] regarding UE/TRP Tx/Rx Timing Errors. In this paper, we discuss views on the agreements and questions from RAN1 LS. 
We merge the two discussions (work plan of NR-positioning-enh RRM + LS discussions) into one paper here.
Discussion 

RAN1 has initiated the work on on possible solutions for NR positioning enhancement. For accuracy improvement, RAN4 studies are recommended based on RAN1/2 findings. Currently, RAN1/2 has continued discussions on possible solutions to finalize the Rel-17 features and spec, RAN4 needs to keep monitoring the discussions. 

Work Plan

1.1.1  Mitigating Timing Delays
Large part of the RAN1 efforts are found on timing error mitigation. In order to improve time-based measurements such as RSTD, RTOA, UE RX-TX time difference and gNB TX-RX time difference, the timing delay in a transmitter chain and a receiver chain needs to be identified. 
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions



Framework of timing delays mitigation between TX and RX RF chains have been identified for DL-TDOA measurement error. The RAN1 outcomes are already captured in LS [2]. We expect the LS reply discussion will naturally trigger Rel-17 discussion on mitigating timing delays in RAN4. The LS indicates the agreement first only for DL-TDOA measurements, but it is expected that RAN1 continues to discuss the time delay impacts for other time-based methods as the WID objective.
Proposal 1 : RAN4 needs to study characteristics of timing delays if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions including source of time delay. 

1.1.2  Latency reduction
  
RAN1/2 are working on latency reduction for NR positioning. Two scopes can be considered for this study.
· Latency reduction for emergency usecase 
· Latency reduction for common positioning usecases (from Rel-16 requirements) 

	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]



Firstly, RAN4 focuses to identify latency bottleneck during positioning measurement processes. As addressed in WID, measurement gap will be one of the latency source. We are open to add to find further issues to find significant latency bottleneck.  
In order to support latency reduction for emergency usecase, supporting the on-demand PRS is helpful. Therefore, RAN4 may want to introduce tests to support positioning measurements on on-demand PRS. Of course, the on-demand PRS can be used for common positioning usecases as well. At least, RAN4 needs to pay attention to on-demand PRS feature support through a UE test. However, RAN1/RAN2 discussions are not completed yet to support the feature.
Currently, RAN4 has introduced measurement period requirements for Rel-16 NR positioning, overall the measurement period seems to be calculated with conservative PRS resource counting. Further specific measurement behaviors can be discussed together to identify latency bottlenecks.
Proposal 2 : RAN4 may first visit studies to find latency bottleneck during positioning measurements including measurement gap configuration. For the latency study, RAN4 needs to refer to latency analysis from RAN2.
Observation 1 : The on-demand PRS support can improves the positioning measurement latency, but RAN1/RAN2 discussions are not completed yet.

1.1.3  Positioning support for RRC_INACTIVE state

	· Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 

· As 2nd priority :
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state




Regarding positioning support for RRC_INACTIVE state, DL and UL schemes are separately suggested. The WID recommend to focus on DL case first. In RRC_INACTIVE mode, a UE only wakes up paging period and measure radio resource. Therefore, a UE in inactive mode needs to measure positioning meauserment during this paging period. In this case, RAN4 may need to look DRX behavior with the positioning measurement period. Regarding UL, it is possible to support UL case if a UE in the inactive mode can transmit SRS with understanding RRC re_configuration for SRS transmission. This is related with small data transmission (SDT) WI, that is also under RAN2 discussions. Regarding RRM and accuracy measurements, we think the Rel-16 requirement can be reused for positioning measurement in RRC_INACTIVE state. Overall, we think it is early to mention UE measurement behaviors in inactive mode, since RAN1/2 discussion are on going.  
Observation 2 : It is early to discuss UE measurement behaviors in inactive mode, since RAN1/2 discussion are on going.     
Proposal 3 : RAN4 starts with analysis on PRS resource configuration, positioning measurement period and DRX behaviors in the UE RRC_INACTIVE state.

1.1.4  Enhancements of A-GNSS positioning  

	· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.




The WID asks to support regional GNSS support. B2a and B3I in BeiDou bands are from China and NavIC is from India. Accordingly, RAN4 needs to study similar structures of GNSS time sensitivity and measurement accuracy in  Spec TS38.171 and TS36.171. RAN2 and RAN3 are working on the spec support. The current spec already support BDS B1I and BDS B1C in Rel-16. RAN4 can discuss about the performance requirements as extension of chapter 5, 6 requirements.   

Proposal 4 : RAN4 starts discussions on performance requirements of the additional BDS and NavIC signals as extension of chapter 5,6 requirements in TS38.171 and TS36.171.   

2.1.5  DL AoD and UL AoA

RAN1 includes Rel-17 AoA and AoD measurement discussions. The feature is still under discussion. Somehow RAN4 is not involved in the action groups in WID. The angle measurements will be useful and feasible especially in FR2.
We think a baseline estimation algorithm for AoD and AoA measurement is to calculate an angle based on RSRP value per a beam. Therefore, if RAN4 assumes such baseline approaches, the requirements are not required more than PRS-RSRP measurement and report for DL and SRS-RSRP for UL together with the beam/antenna information to the LMF. It is also possible to assume a single RX behavior to measure an angle in DL and UL as baseline. Therefore Rel-16 requirements can cover the radio measurement requirements of RSRP. For further improvement, we are open for further discussions in RAN4 as well.  

	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.




2.2  LS Discussion

At RAN4 #98bis-e, RAN4 has received LS [3] regarding UE/TRP Tx/Rx Timing Errors. In this paper, we discuss views on the agreements and questions from RAN1 LS.

	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements.




The background of this issue is about positioning measurement error due to time delay between baseband and antenna node. The time delay is caused in both TX and RX sides as the figure of RTT measurement example below. In general, it impacts on all of time-based positioning methods such as RSTD, RToA, UE RXTX time difference and gNB TXRX time difference. In RAN1#104, RAN1 has agreed to support TEG studies firstly for DL-TDOA measurement case. It is expected that RAN1 continues to discuss the time delay impacts for other time-based methods.

[image: ]

Observation 3 : RAN1 has agreed to support TEG studies firstly for DL-TDOA measurement case. It is expected that RAN1 continues to discuss the time delay impacts for other time-based methods.

Also, RAN1 seems to assume multiple types of timing error. The definitions of timing errors are also addressed in the agreement. This RF timing error is assumed to be semi-static depending on RF configurations such as BW, FFT size and even physical conditions like temperature and cable connections etc. A goal of this study is to achieve cm-level accuracy positioning by mitigating this timing error. Eventually, it is related with RF margin on RAN4 RSTD, RTOA, RXTX-TD and TXRX-TD requirements as well.

Observation 4 : A goal of TEG study is to achieve cm-level positioning accuracy by mitigating this timing error. It may be related with RF margin in accuracy requirements.

In Rel-17, RAN4 may need to revisit time-based measurement accuracy requirement to achieve the accuracy level with RF time delay calibration scheme, although on-going Rel-16 accuracy requirement may be agreed without considering this impact. 

	
Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.





Based on the above agreement, we think there are three groups of approaches as summary  : 
· One group of options that aims to fully correct the Tx/Rx timing errors 
· One group of options that aims to provided association information of TEGs 
· One group of options that aims to provide the relative errors between TEGs

These groups of options would all be useful if possible in practice. For the first group which aims at corrected the errors: Based on the definition of Tx/Rx timing errors the errors are the uncalibrated components (e.g., residual errors). So it may be quite difficult for a TRP to measure the Tx timing error or for the UE to measure the Rx timing error. In general, if the device knows the timing error then it seems like it would compensate it already. 
Observation 5 : If TEG dynamically changes, measuring the absolute Tx/Rx timing errors in DL-TDOA may be difficult as they are residual errors after calibration.
If TEG statically or semi-statically changes, measuring the absolute Tx/Rx timing errors in DL-TDOA may be possible depending on TX / RX scenarios. For example, if the residual timing error has beam-dependency or bandwidth dependency, such time-delay can be measured in a lab condition and pre-defined. In fact, this is one study point of RAN4 Rel-17 NR positioning phase. It may be too early to clearly answer to RAN1 question. 
Observation 6 : If TEG statically or semi-statically changes, measuring the absolute Tx/Rx timing errors in DL-TDOA may be possible depending on TX / RX scenarios.
Observation 7 : RAN1 question in LS seems to have broad scopes, and TEG measurement feasibility is one of RAN4 study topics in Rel-17 NR positioning phase. As for now, it may be too early to clearly answer to RAN1 question.
However, it is known that different steering vector in beamforming coodbook is made with delay elements, the small delay difference due to beam codebook can be analyzed. Also, a lab circumstance can analyze the impact, or reference UE/gNB knowing near-perfect time delay can be used to measure time delays of the other paired device. Therefore, RAN4 needs to conduct such possible approaches further in Rel-17 phase. Perhaps, RAN4 can mention about such studies plans to RAN1. It would be also RAN1 study point from the conditions in the agreement “…if the UE has multiple TEGs” or “…if the TRP has multiple TEGs”.
Proposal 5 : Propose possible replies from RAN4 as
· RAN4 studies if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions in Rel-17 phase. 
· If TEG statically or semi-statically changes and measurable, feasibility study on the absolute Tx/Rx timing error estimation in DL-TDOA can be possible.
   


Conclusion
We present the following observations on work plan of Rel-17 NR positioning in this paper :
Proposal 1 : RAN4 needs to study characteristics of timing delays if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions including source of time delay. 
Proposal 2 : RAN4 may first visit studies to find latency bottleneck during positioning measurements including measurement gap configuration. For the latency study, RAN4 needs to refer to latency analysis from RAN2.
Observation 1 : The on-demand PRS support can improves the positioning measurement latency, but RAN1/RAN2 discussions are not completed yet.
Observation 2 : It is early to discuss UE measurement behaviors in inactive mode, since RAN1/2 discussion are on going.     
Proposal 3 : RAN4 starts with analysis on PRS resource configuration, positioning measurement period and DRX behaviors in the UE RRC_INACTIVE state.
Proposal 4 : RAN4 starts discussions on performance requirements of the additional BDS and NavIC signals as extension of chapter 5,6 requirements in TS38.171 and TS36.171.   

Also, this contribution has provided our view on some open issues with regard to LS on UE/TRP Tx/Rx Timing Errors.
Observation 3 : RAN1 has agreed to support TEG studies firstly for DL-TDOA measurement case. It is expected that RAN1 continues to discuss the time delay impacts for other time-based methods.
Observation 4 : A goal of TEG study is to achieve cm-level positioning accuracy by mitigating this timing error. It may be related with RF margin in accuracy requirements. 
Observation 5 : If TEG dynamically changes, measuring the absolute Tx/Rx timing errors in DL-TDOA may be difficult as they are residual errors after calibration.
Observation 6 : If TEG statically or semi-statically changes, then measuring the absolute Tx/Rx timing errors in DL-TDOA may be possible depending on TX / RX scenarios.
Observation 7 : RAN1 question in LS seems to have broad scopes, and TEG measurement feasibility is one of RAN4 study topics in Rel-17 NR positioning phase. As for now, it may be too early to clearly answer to RAN1 question. 
Proposal 5 : Propose possible replies from RAN4 as
· RAN4 studies if TEG appears static or semi-static or dynamic in TX/RX scenarios with considering various front-end parameters and conditions in Rel-17 phase. 
· If TEG statically or semi-statically changes and measurable, feasibility study on the absolute Tx/Rx timing error estimation in DL-TDOA can be possible.
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