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Introduction
A Rel-17 WI on positioning enhancement was approved in [1], and some of the objectives have been discussed in RAN1/2. In this paper, we will provide our initial views on the RRM impacts of the WI. 
In addition, there is an LS from RAN1 [2] on UE/TRP Tx/Rx Timing Errors, and RAN4 is asked to review the RAN1 agreements and provide feedback in case RAN4 has any suggestions and/or comments. In this paper, we will also provide our views on the RAN1 agreements on UE/TRP Tx/Rx Timing Errors.
Discussion on RRM impacts
In this section we will go through all the objectives in [1] involving RAN4 and analyze their potential impacts on RRM requirements. 
	· 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


In our understanding, RAN1 has defined the concept of Timing Error Group (TEG) and the association between a PRS/SRS transmission with Tx TEG, a PRS/SRS measurement with Rx TEG, and a Rx-Tx time difference measurement with RxTx TEG. 
The timing error is already considered as margin in RSTD and Rx-Tx accuracy requirements. The exact value in under discussion in Rel-16 Positioning WI. 
· For RSTD, depending on how the calibration error is modelled in Rel-16, the accuracy might be improved when the reference resource and neighbour resource are associated to the same Rx TEG because the relative timing error should be small, so the margin the accuracy can be reduced. 
· For UE Rx-Tx, as only absolute accuracy requirements are defined in Rel-16, there should be no impact to the existing requirements, i.e. association of a measurement (or a transmission) with an Rx TEG (or an Tx TEG) does not reduce the timing error, and thus does not improve the accuracy.
However, as a UE/TRP can always associate measurements taken by different Rx path/antennas to different Rx TEGs, associating measurements taken by different Rx path/antennas to the same Rx TEG can be regarded as a best effort enhancement, and it may be beyond the scope of RAN4 minimum requirements. Therefore, we suggest RAN4 to not define new requirements for timing error mitigation.
Proposal 1: RAN4 not to define new RRM requirements for timing error mitigation.
	· 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:
· [bookmark: _Hlk67643864]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 latency reduction related to the time needed to perform UE measurements, one enhancement in our view is to define measurement period based on multiple sets of {N,T} capabilities. For example, UE may indicate different processing time T for different PRS duration N. If the configured PRS duration K is small, then a shorter processing time can be assumed in the measurement period. This enhancement was already discussed in RAN1 in Rel-16, and the impact to RAN4 requirements are also acceptable. 
For latency reduction related to the measurement gap, one enhancement is MG-less measurement. For MG based PRS measurement, UE needs to request MG from serving cell with Location measurement indication procedure, and NW would grant the MG as UE requested with Reconfiguration procedure. The latency of the RRC procedures can be saved if UE can measured PRS without MG, e.g. when the PFL is confined with the active BWP of a serving cell. The MG-less measurement can also lead to shorter measurement period compared to MG based measurement because there is no MG sharing with other RRM measurements.
For MG based PRS measurement, one possible enhancement is to use a separate MG for PRS measurement from the MG for RRM measurement. This also eliminates the need for MG sharing between PRS and RRM measurement. However, this enhancement is already possible via concurrent MGs framework that is discussed in Rel-17 MG enhancement WI, so there is no need to open parallel discussion in this WI.
Proposal 2: RAN4 to consider the following enhancements for latency reduction 
· Measurement period based on multiple sets of {N,T} capabilities
· MG-less PRS measurement
	· 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


For DL positioning methods, RAN4 needs to define UE measurement requirements for PRS measurement in RRC_INACTIVE. The requirements for RRC_CONNECTED defined in Rel-16 could be used as the baseline, and some differences need to be considered, e.g. there is no MG configuration in RRC_INACTIVE, whether DRX needs to be considered to enable UE power saving, and UE measurement capability can be different in RRC_INACTIVE, etc. 
For UL and DL+UL positioning methods, RAN4 could wait for the conclusions from RAN1/2. If they are supported in RAN1/2, RAN4 can further discuss the RRM impacts.
Proposal 3: For DL positioning methods in RRC_INACTIVE, RAN4 to define UE requirements for PRS measurement in RRC_INACTIVE.
Proposal 4: For UL and DL+UL positioning methods in RRC_INACTIVE, RAN4 to wait for the conclusions from RAN1/2 before discussing RRM impacts.
	· 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.


For this objective, RAN4 needs to add related conditions and requirements for the GNSS signals in 36.171 and 38.171. 
Proposal 5: RAN4 to add related conditions and requirements for BDS B2a, BDS B3I and NavIC in 36.171 and 38.171.
Discussion on RAN1 LS
In [2], RAN1 informed RAN4 the agreements related to UE/TRP Tx/Rx Timing Errors. In our view, the key point is that UE/TRP could associate a transmission or a measurement with a Tx TEG or an Rx TEG, or a a Rx-Tx time difference measurement with a RxTx TEG. 
Basically, we do not see any feasibility issue in the RAN1 agreements. How to associate a measurement or a transmission with a TEG should be up to UE or gNB implementation and calibration process. Depending on the implementation and calibration process, a UE or gNB may or may not know the relative timing error between different Tx or Rx paths/antennas. Taking UE measurements as an example,
· If UE knows the relative timing error is small between two Rx paths/antennas, then UE could associate measurements taken by these two paths/antennas with the same Rx TEG. This information could be used by the LMF for better positioning fix.
· If UE does not know the relative timing error between two Rx paths/antennas, UE could anyway associate the measurements taken by these two paths/antennas with different Rx TEGs.
Based on above analysis, we do not see any feasibility issue in the RAN1 agreements in [2] from RAN4 perspective, so there is no need for RAN4 to send any reply LS. It is noted that whether and how RAN4 is to define requirements for UE/TRP Tx/Rx Timing Errors mitigation is another issue (which we discussed in section 2), and should not impact of the feasibility of the RAN1 agreements.
Proposal 6: RAN4 does not need to send reply LS for R1-2104111.
Conclusions
In this paper we provided our initial views on the RRM impacts of Rel-17 positioning enhancements.
Proposal 1: RAN4 not to define new RRM requirements or update existing RRM requirements for timing error mitigation.
Proposal 2: RAN4 to consider the following enhancements for latency reduction 
· Measurement period based on multiple sets of {N,T} capabilities
· MG-less PRS measurement
Proposal 3: For DL positioning methods in RRC_INACTIVE, RAN4 to define UE requirements for PRS measurement in RRC_INACTIVE.
Proposal 4: For UL and DL+UL positioning methods in RRC_INACTIVE, RAN4 to wait for the conclusions from RAN1/2 before discussing RRM impacts.
Proposal 5: RAN4 to add related conditions and requirements for BDS B2a, BDS B3I and NavIC in 36.171 and 38.171.
We also discussed the RAN1 agreements in [1] related to UE/TRP Tx/Rx Timing Errors.
Proposal 6: RAN4 does not need to send reply LS for R1-2104111.
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