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Introduction
RRM core requirements for Rel-18 NTN enhancements are discussed in past meetings. Since the scope of the core requirements is quite stable, it is time for RAN4 to start working on the performance part of the WI. In our view, the following issues need to be discussed
· Measurement accuracy and report mapping 
· RRM test cases
In this paper we will provide our views on RRM performance requirements NTN enhancement.
Discussion
Measurement accuracy and report mapping 
RAN4 needs to define RRM measurement accuracy for NTN in Ka band. 
In Rel-17, for FR1 NTN it was agreed to reuse the accuracy requirements from TN FR1. In our view, it is reasonable to reuse the TN FR2 requirements for NTN in Ka band. The main difference between FR1 and FR2 TN requirements is on the RF calibration margin, which is larger in FR2 due to difficult in calibration in OTA manner. The same also applies for NTN in Ka band.  
One difference between TN and NTN that can be discussed is the RF margin assumed in relative accuracy for intra-frequency measurement. In FR2 TN, RF margin is added because UE may use different Rx beams for different cells on the intra-frequency layer. In NTN in Ka band, so far the requirements are defined for intra-sat scenario only, and the assumption is that same Rx beam is used for all cells from the same satellite. We are open to discuss if requirements should be defined with such applicability and without the RF margin.
Proposal 1: For NTN in Ka band, the measurement accuracy requirements for TN FR2 are reused except for relative accuracy for intra-frequency measurement. 
· For relative accuracy for intra-frequency measurement, FFS whether to define requirements for intra-sat only based on the assumption of same Rx beam. 
RAN4 also needs to define accuracy requirements and report mapping for UE Rx-Tx. 
On accuracy, for TN RAN4 defined Rx-Tx accuracy for different side conditions and channels. 
· 4-sample: -13dB and -3dB, for both AWGN and TDL-A/C
· 1-sample: -6dB and 0dB, for AWGN
For core part it was agreed last meeting to consider Nsample = 1 as baseline for the measurement period. Following same logic, the accuracy requirements should also consider Nsample = 1 and related side conditions. As to the accuracy numbers, we suggest to re-use the TN accuracy requirements. It is noted that for UE Rx-Tx, the accuracy depends on both the baseband estimation error (the numbers in the accuracy tables) and the RF calibration error ( in the accuracy tables). Given the same sample number and side condition, we believe the baseband estimation error should be same as in TN. Also, the RF calibration error should be same since the device can be calibrated in the same way with same performance. 
Proposal 2: For UE Rx-Tx measurement for NW verified location, re-use the TN accuracy requirements, including both baseband estimation accuracy and RF calibration margin, and side conditions with Nsample = 1.
On report mapping, in RAN#100 the following is agreed.
	· Proposal 2:
· TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt1 for the combination of “UE and gNB receive-transmit time difference measurements”:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· If the work at RAN1 is not completed at RAN#101, the nwk verified UE location will be dropped from RAN1


Option 3 for UE Rx-Tx definition is listed in RAN1#112 meeting notes.  
	Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
· For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
· FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account


It can be seen that for both UE and gNB Rx-Tx, the legacy definition as in TN are used. Of course, besides the UE and gNB Rx-Tx, some other information may be also reported to LMF such as the TA in integer subframe at UE side and the common TA at gNB side, and those will be defined by RAN1. For the sub-subframe level Rx-Tx, we understand the existing report mapping as follows can be re-used.
· Reporting range: -0.5ms to +0.5ms
· Reporting granularity: {32, 16, 8, 4, 2, 1} Tc
Proposal 3: Existing report mapping for UE and gNB Rx-Tx are re-used for NW verified location.
RRM test cases
RAN4 has been discussing RRM test setup for Rel-17 NTN. The decision from RAN#101 [1] is to use a simplified test framework in order to meet industry demand.  
In last meeting, some companies suggested to develop more realistic test setup for NTN in Rel-18. However, based on the following agreement from [1], we understand this is not supposed to be part of Rel-18.
	· Further discuss TE-emulated channel model with delay and Doppler shifts matching the satellite propagator model in future release i.e. Rel-19


We therefore suggest to reuse the Rel-17 test setup in Rel-18. 
Proposal 4: Rel-17 test setup is reused for Rel-18 RRM testing.
On the RRM requirements to verify, 
· For NTN in Ka band, we suggest to focus on the key requirements. UL accuracy is clearly to be verified. On the mobility part, HO is the most important procedure especially for inter-sat scenarios. For intra-sat mobility, the L3 measurement period and accuracy can be verified. For serving cell measurement, we prefer to test RLM.
· For NW verified location, UE Rx-Tx measurement period and accuracy need to be verified. 
· For mobility enhancement,
· For IDLE/INACTIVE, we do not support to define requirements for TN-to-NTN or NTN-to-TN cell reselection. The former was already agreed not to be tested in last meeting, and for the latter the only new requirement is that UE can skip TN measurement when it is not in TN coverage, and we do not strong necessity to test UE skipping measurement. 
· For enhancements for moving cell, in Rel-17 it was agreed not to differentiate fixed cell and moving cell in RRM test, so we do not see the need to define new tests. 
· For CONNECTED, RACH-less HO, satellite switch with re-sync and CHO without measurement criterion should be tested.
Proposal 5: RAN4 to define RRM test cases for the following requirements. 
· NTN in Ka band
· UL timing
· Intra-sat and inter-sat HO
· RLM
· Intra-sat L3 measurement period and accuracy 
· NW verified location 
· UE Rx-Tx measurement period and accuracy 
· Mobility enhancement 
· RACH-less HO
· Satellite switch with re-sync
· Time and location based CHO without measurement criterion 
Conclusions
In this paper we provided our views on RRM performance requirements NTN enhancement.
Proposal 1: For NTN in Ka band, the measurement accuracy requirements for TN FR2 are reused except for relative accuracy for intra-frequency measurement. 
· For relative accuracy for intra-frequency measurement, FFS whether to define requirements for intra-sat only based on the assumption of same Rx beam. 
Proposal 2: For UE Rx-Tx measurement for NW verified location, re-use the TN accuracy requirements, including both baseband estimation accuracy and RF calibration margin, and side conditions with Nsample = 1.
Proposal 3: Existing report mapping for UE and gNB Rx-Tx are re-used for NW verified location.
Proposal 4: Rel-17 test setup is reused for Rel-18 RRM testing.
Proposal 5: RAN4 to define RRM test cases for the following requirements. 
· NTN in Ka band
· UL timing
· Intra-sat and inter-sat HO
· RLM
· Intra-sat L3 measurement period and accuracy 
· NW verified location 
· UE Rx-Tx measurement period and accuracy 
· Mobility enhancement 
· RACH-less HO
· Satellite switch with re-sync
· Time and location based CHO without measurement criterion 
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