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Introduction
RRM requirements for NTN operation in above 10GHz are discussed in RAN4#107 and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· Timing 
· Measurement and mobility
In this paper we will provide our views on RRM requirements for NTN operation in above 10GHz.
Discussion
Timing 
	Issue 2-1: UE UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened as below:
· For UL SCS of 60kHz, [X] meters.
· For UL SCS of 120kHz, [Y] meters
· The above is applicable only when SSB SCS is equal to or higher than 120kHz
· FFS on whether applicable to UE in mobile platform.
· FFS on whether and how to connect the tightened UE positioning error to the advanced GNSS capability or UE type.
· 	FFS whether to use different requirements for different types of devices defined in the RF session and/or different satellite types
· FFS on different UE UL Timing Accuracy Requirements for different physical signals/channels, e.g. relaxed requirements for PRACH for certain PRACH formats, compared to other signal/channels.


RAN4#106-bis-e agrees to tighten the assumption on UE location and satellite position estimation error for defining the timing requirements for 60kHz and 120kHz UL SCS. There was no conclusion in RAN4#107.
On GNSS error, we suggest to re-use the requirements in 38.171 as assumption rather than defining new advanced GNSS capability. In 38.171 there are two types of requirements, one for UE supports A-GPS L1 C/A only, and the other for UE supports other or additional GNSSs. As a compromise, we are fine to use the latter, which provides better accuracy performance, as assumption for NTN.
In clause 6.2.1 the nominal accuracy under ideal GNSS condition is 15m, which is for non-mobility scenario. For mobility scenario, in clause 6.5.1 the accuracy is defined as 50m. We suggest to take them as baseline and define different requirements for fixed and mobile UEs. 
In last meeting, some companies mentioned that RF session is also discussing differentiation of UE types from mobility perspective, and there was no conclusion. We agree with the observation, and we are also fine to wait for the RF conclusion. However, it is noted that even RF decides not to differentiate UE types from mobility perspective, in RRM side we still need to differentiate because the GNSS performance is quite dependent on UE mobility.
On satellite position estimation error, it depends on the accuracy of the ephemeris information itself and how frequent gNB/UE would update the estimation (validity timer of the ephemeris information). Assuming ephemeris information update period <= 10s, a satellite position estimation error of 20m can be considered.
The resulted timing error is shown in Table 1.
Table 1: Timing error with tightened assumption and ratio compared to CP
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It can be seen that the ratio of the timing error compared to CP is obviously larger than TN for some cases. In last meeting, some companies raised the concern on the impact to UL demodulation performance. We do share the concern, but we assume the impacts should be tolerable. 
Timing error requirements are for initial transmissions, and in NTN scenario it is mainly concerned with PRACH transmission. During normal data Tx phase, NW can use closed loop TA to correct the timing, and the timing error observed is smaller than the above requirements most of the time. 
The same point was also raised up by some companies last meeting, and it is FFS whether to use different requirements for different UL channels and signals. In our view, same requirements should apply for all UL channels and signals because TA is included in the reference time. The actual TA is up to NW, and an accurate TA does not mean UE is expected to meet a more tightened requirement. 
	The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. and the UE has a validity time running for NTA,common  and  NTA,UE-specific. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus .


Proposal 1: RAN4 to adopt the following assumptions for timing accuracy for NTN in Ka band
· X=Y=[35]m for fixed UE, X=Y=[70]m for mobile UE
· FFS definitions of fixed and mobile UE
· Same requirements apply for all UL channels and signals
Measurement and mobility
	TSG RAN tasks RAN4 to scope the work needed to define the RRM requirements (i.e. beam steering related) necessary for NR-NTN UEs operating in the NTN example band (i.e. Ka band) based on associated assumptions of the UE architecture (including beam steering capabilities)


Based on RF discussion, there are 8 possible scenarios that are being considered, based on the combination of following factors.

· UE antenna assumption: mechanical steering (e.g. parabolic) and electronic steering (e.g. phase array)
· Satellite type: GSO and NGSO
· UE mobility: fixed UE and mobile UE
In our view, defining requirements for all combinations are quite effort consuming as each combination may require specific consideration when defining requirements. On the other hand, not all combinations are practical, e.g. with mechanical steering UE may not be able to track the fast-moving LEO satellite. As it hass not been decided in RF session for which scenarios to define RF requirements, as general principle, we suggest to wait for RF conclusion before discussing which scenarios to be considered for RRM requirements.
Proposal 2: RAN4 to discuss which scenarios are considered for measurement and mobility requirements among combinations of the following factors. RF conclusions are to be considered.
· UE antenna assumption: mechanical steering and electronic steering
· Satellite type: GSO and NGSO
· UE mobility: fixed UE and mobile UE
In addition, aaccording to WID, ESIM is not considered in NGSO scenario, so we do not need to consider mobile UE in NGSO scenario. 
	The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.


This will also simplify the RRM work since it can be difficult to define meaningful requirements for mobility and measurement when UE needs to do Rx beam steering and BS is moving fast.
Proposal 3: RAN4 not to define RRM requirement for mobile UE with LEO satellite.
For UE with electronic beam steering, the Rx beam steering can be similar to FR2 TN UE, and we can use existing requirement to regulate the Rx beam steering performance, e.g. L1/L3 measurement and HO etc. Rx beam sweeping needs to be assumed in the requirements for those procedures. Of course, the scaling factor may be reduced compared to the TN value of 8. Too long delay may lead to outdated action especially with LEO satellite, and the number of Rx beams can be reduced based on predictable satellite location. 
Proposal 4: For UE with electronic beam steering, Rx beam sweeping is assumed in measurement and mobility requirements like in FR2 TN, FFS the scaling factor.
For UE with mechanical beam steering, the Rx beam switching time can be rather long, and it is not fully clear to us how the Rx beam steering works for such UE when it moves, e.g. would the UE continuously adapt the orientation of the reflector or it will keep the orientation until the link is dropped. Depending on how such UE would work, RAN4 can further discuss which requirements are used to regulate the Rx beam steering capability, e.g. whether the existing L1/L3 measurement and HO requirements are applicable, or some new requirements are needed. 
Proposal 5: For UE with mechanical beam steering, RAN4 to discuss which requirements are used to guarantee the Rx beam steering performance. 
Conclusions
In this paper we provided our views on RRM requirements for NTN operation in above 10GHz.
Proposal 1: RAN4 to adopt the following assumptions for timing accuracy for NTN in Ka band
· X=Y=[35]m for fixed UE, X=Y=[70]m for mobile UE
· FFS definitions of fixed and mobile UE
· Same requirements apply for all UL channels and signals
Proposal 2: RAN4 to discuss which scenarios are considered for measurement and mobility requirements among combinations of the following factors. RF conclusions are to be considered.
· UE antenna assumption: mechanical steering and electronic steering
· Satellite type: GSO and NGSO
· UE mobility: fixed UE and mobile UE
Proposal 3: RAN4 not to define RRM requirement for mobile UE with LEO satellite.
Proposal 4: For UE with electronic beam steering, Rx beam sweeping is assumed in measurement and mobility requirements like in FR2 TN, FFS the scaling factor.
Proposal 5: For UE with mechanical beam steering, RAN4 to discuss which requirements are used to guarantee the Rx beam steering performance. 
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UL SCS (kHz) CP length (Ts) TN Te (Ts) GNSS error (m) Sat loc error (m) NTN timing error (Ts) NTN Te (Ts) CP%

60 ECP  128 3.5 15 20 7.168 10.668 8.334375

60 NCP 36 3.5 15 20 7.168 10.668 29.63333

120 18 3.5 15 20 7.168 10.668 59.26667

60 ECP  128 3.5 50 20 14.336 17.836 13.93438

60 NCP 36 3.5 50 20 14.336 17.836 49.54444

120 18 3.5 50 20 14.336 17.836 99.08889
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