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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Based on the investigation of the Rel-17 Study Item of “Study on NR Positioning Enhancements”, a Rel-17 WI to address the higher accuracy, lower latency location, high integrity and reliability requirements resulting from new applications and industry verticals for 5G was agreed to be started.
Rel-17 NR positioning enhancement targets positioning requirements for commercial use cases and IIoT use cases, including the requirements for horizontal/vertical positioning accuracy, physical layer and higher layer end-to-end positioning latency and GNSS positioning integrity. The revised WID for NR positioning enhancement [1] was approved in the RAN#91-e meeting.  The RAN4 related objectives for core requirements are captured [1]. 
In this contribution, we provide our views on RRM requirements impacts for R17 NR positioning enhancement.
2. Discussion
In Rel-16, RRM requirements of measurement period, accuracy and reporting are specified for the DL and UL measurements as follows.
· UE Rx-Tx time difference measurement
· DL PRS-RSRP measurement
· DL PRS RSTD measurement
· UL RTOA measurement
· UL SRS-RSRP measurement
· gNB Rx-Tx time different measurement
In Rel-17 with enhancements on positioning methods, measurements and corresponding procedures, existing RRM requirements may be impacted or new RRM requirements may be needed.
	· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]


RAN4 should discussed impact to existing RRM requirements and discuss if new RRM requirements are need for enhancements on positioning methods, measurements and corresponding procedures based on progress in other working groups.

2.1 RRM requirements for latency reduction
For UE measurements, the requirements are defined for the measurements conducted in the measurement gap. Multiple samples are used during the measurement to define measurement period requirements and accuracy requirements. This is to ensure high and reliable accuracy can be achieved in the field on one hand. But on the other hand, long measurement delay is seen based on current UE measurement requirements for NR positioning in Rel-16. Enhancement on procedures for latency reduction related to the time needed for UE measurement and related to measurement gap will be evaluated and introduced in Rel-17.
According to the objective below, the latency reduction can be achieved based on several solutions.
	· 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]


For the latency reduction related to the time needed for UE measurement, it needs RAN1/RAN2 involvement. It’s not clear what RAN4 can do without any input from RAN1. From our understanding, the latency reduction would be based on enhancements of signalling and/or procedures so that there is possibility to reduce time needed for UE to perform measurements. Without any enhancement, it would be hard for RAN4 to discuss reduction of number of samples or other time needed for measurements. So, RAN4 should hold on the discussion on this aspect until there is progress in RAN1. 
Similar to measurement time reduction, the latency reduction related to measurement gap also needs RAN1/RAN2 involvement. There could be possibilities that measurement can be done with without measurement gap. If UE measurements can be done without measurement gap, then new requirements should be specified for the measurement as there is no requirements in Rel-16. If UE measurements are done with measurement gap, then how latency can be reduced depending on enhancement of measurement gap. So RAN4 should also hold on the discussion on this aspect until there is progress in RAN1/RAN2. 
Proposal 1: RAN4 should specify RRM requirements for UE DL measurements without measurement gap if corresponding procedures is enabled.
Proposal 2: RAN4 should specify RRM requirements for UE DL measurements with reduced UE measurement time if corresponding enhanced procedures are defined.
Proposal 3: RAN4 should specify RRM requirements for UE DL measurements with measurement gap with reduced UE measurement time if corresponding enhanced procedures are defined.

2.2 RRM requirements for improving positioning accuracy
High accuracy is essential for IIoT use cases. Improving positioning accuracy of the Rel-16 NR positioning methods is an important enhancement in Rel-17.
	· 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


RAN1 has made the following agreement in RAN1#104bis-e on DL RSTD measurements according to RAN1 LS [2].
	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
· 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 definitions of UE/TRP Tx/Rx timing errors and UE/TRP Tx/Rx/RxTx timing error groups were agreed in RAN1#104e as follows:
	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.


According to RAN1 agreements, UE reports UE association information of RSTD measurements with UE Rx TEG(s) to the LMF if the UE has multiple TEGs. TRP also provides the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs. Thus, LMF could have information to obtain position based on measurement results in the both the same UE Rx TEG and TRP Tx TEG so that high accuracy for positioning can be achieved.
Since only additional TEG information is need to provided to LMF, RRM requirements would not be impacted by such enhancement. RAN4 can discuss RRM impacts later if there are further agreements on the enhanced solutions for improving positioning accuracy.
Based on RAN1 agreements, a UE Rx TEG has the Rx timing errors within a certain margin, which can be associated with one or more DL measurements. From our understanding the certain margin may be decided by RAN1. However, UE Rx TEG is based on Rx timing error, which is the 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. The time delay analysis falls into RAN4 scope. RAN4 should discuss the feasibility of enhancement of TEG.
RAN1 also made agreements on enhancement of RTOA measurement by providing TRP Rx TEGs and UE Tx TEGs to LMF.
	Agreement:
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the Signaling, procedures, and UE capability


From UE perspective, UE needs to provide information of Tx TEGs to LMF that is based on group of Tx timing error. RAN4 needs to discuss the feasibility of Tx TEGs.
For UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, what kind of associated information is needed is still under discussion in RAN1. It seems similar UE Tx/Rx TEG and gNB Tx/Rx TEG information could be needed to enhance measurement accuracy.
Proposal 4: RAN4 is to discuss feasibility of TEG.

2.3 RRM requirements for measurements in RRC_INACTIVE state
One of the important features for NR positioning in Rel-17 is that UE positioning measurements are supported for UEs in RRC_INACTIVE state.
	· [bookmark: _Hlk67643273]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
· 


The positioning methods, measurements that UE needs to perform, related signalling and procedures are to be defined by RAN1/RAN2. From RAN4 perspective, new RRM requirements for the possibly introduced UE measurements in RRC_INACTIVE state shall be specified since there is no any requirements for RRC_INACTIVE state in Rel-16. RAN4 could start work once there is progress in other WGs.
Proposal 5: RAN4 is to specify RRM requirements for UE measurements in RRC-INACTIVE state.
For UL and gNB based measurement, it is 2nd priority. RAN4 should also define corresponding RRM requirements if there is conclusion and progress in other WGs.
Proposal 6: RAN4 is to specify RRM requirements for UL/gNB measurements in RRC-INACTIVE state if it is to be introduced in Rel-17.

2.4 RRM requirements for enhancements of A-GNSS positioning
A-GNSS positioning is also to be enhanced in Rel-17.
	· 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.
· 


In current Rel-16 TS 38.171 specification for Requirements for support of Assisted Global Navigation Satellite System (A-GNSS), the requirements for BDS are specified for BeiDou B1I navigation signal with carrier frequency of 1561.098 MHz and BeiDou B1C navigation signal with carrier frequency of 1575.420 MHz. Since BeiDou B2a signal with carrier frequency of 1176.45 MHz and BeiDou B3I signal with carrier frequency of 1268.52 MHz will be supported in Rel-17, corresponding minim performance requirements should be specified for the two navigation signals.
Proposal 7: A-GNSS minimum performance requirements are specified for BeiDou B2a and BeiDou B3I navigation signals.
NavIC to NR is supported for enhancements of A-GNSS positioning, so the corresponding minimum performance requirements should be specified from scratch as there is no existing requirements.
Proposal 8: A-GNSS minimum performance requirements are specified for NavIC.

2.5 LS discussion
In RAN1 LS [2], RAN4 is asked to check if there is any issue with supporting enhancement as listed in [2].
From UE perspective, UE Rx timing error and UR Tx timing error need to be discussed firstly. According to LS [2], the Rx timing error is the 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 from a signal reception perspective. In addition, it is further clarified in the LS that calibration of Rx time delay may be done internally and uncalibrated Rx time delay is defined as Rx timing error. 
From the definition it seems Rx timing error only includes timing error after group delay calibration, which includes antenna group delay and RF group delay. However, the reference time at baseband is the digitized and time-stamped signal. So, there should also be timing error due to sampling at baseband in addition to group delay after calibration. In Rel-16, accuracy requirements are defined for different PRS BW and SCS combinations, which would be dependent on what sampling rate is used at baseband. So, the timing error due to different sampling rate at baseband may also need to be taken into as part of timing error.
According
Observation 1. It needs to be clarified whether timing error due to sampling at baseband is included in the UE Rx timing error or not.
Since Rx TEG is to be reported, it needs to figure out how timing errors can be grouped together. In Rel-16 group delay calibration margin is considered as per UE in general. 
	· FFS on the group delay calibration margin. 
·  Option 1.
· margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1
· 32Tc, reference resource and neighbour resource are on different PRS layer
· Option 2. Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2
· FFS on the exact value


In order to group timing errors, group delay needs to consider different implantations. One obvious option is that group delay from different antenna panel can be taken as different timing error group. This should also be feasible for UE implementation.
For the RF group delay, there could be different group delay of different RF chains due to design, temperature variation and frequency. However, the group delay difference of different RF chains would be very small. It is not clear whether it can be used to group timing errors. More input from practical UE implementation is needed.
If timing error due to baseband sampling is also considered in Rx timing error, then more TEGs would be possible. In principle, the timing error due to sampling can be scaled inversely with PRS BW. Therefore, Rx timing error can be grouped by PRS BW.
For UE Tx TEG, similar conclusion can be drawn compared UE Rx TEG. In addition, SRS antenna switching would also cause different timing error with different SRS antenna transmission. 
Proposal 9: RAN4 to discuss and conclude whether UE Rx timing error can be grouped based on following factors, e.g., Antenna panel, RF chain design, frequency, baseband sampling rate (or PRS BW and SCS) etc.
Proposal 10: RAN4 to discuss and conclude whether UE Tx timing error can be grouped based on following factors, e.g., Antenna panel, RF chain design, frequency, baseband sampling rate (or PRS BW and SCS), SRS antenna switching etc.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on RRM requirements for NR positioning enhancement. Based on analysis following observations and proposals are present.
Proposal 1: RAN4 should specify RRM requirements for UE DL measurements without measurement gap if corresponding procedures is enabled.
Proposal 2: RAN4 should specify RRM requirements for UE DL measurements with reduced UE measurement time if corresponding enhanced procedures are defined.
Proposal 3: RAN4 should specify RRM requirements for UE DL measurements with measurement gap with reduced UE measurement time if corresponding enhanced procedures are defined.
Proposal 4: RAN4 is to discuss feasibility of TEG.
Proposal 5: RAN4 is to specify RRM requirements for UE measurements in RRC-INACTIVE state.
Proposal 6: RAN4 is to specify RRM requirements for UL/gNB measurements in RRC-INACTIVE state if it is to be introduced in Rel-17.
Proposal 7: A-GNSS minimum performance requirements are specified for BeiDou B2a and BeiDou B3I navigation signals.
Proposal 8: A-GNSS minimum performance requirements are specified for NavIC.
Proposal 9: RAN4 to discuss and conclude whether UE Rx timing error can be grouped based on following factors, e.g., Antenna panel, RF chain design, frequency, baseband sampling rate (or PRS BW and SCS) etc.
Proposal 10: RAN4 to discuss and conclude whether UE Tx timing error can be grouped based on following factors, e.g., Antenna panel, RF chain design, frequency, baseband sampling rate (or PRS BW and SCS), SRS antenna switching etc.
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