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1. Introduction
In RAN4#107 meeting, the RRM impacts of eNTN have been discussed and WF was agreed in [1]. Moreover, in last RAN #100 meeting, RAN4 is tasked to define a minimum set of RRM requirements to be still done in REL-18; and exact wording of this task in RP-231451.
	· Proposal 1: add in RAN#100 chair’s note
· “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) .”
· Note that the UE considered in RAN4 for above 10 GHz is ‘VSAT’ only


In this contribution we continue the discussion about the impact on RRM for the eNTN UE in above 10 GHz bands.
2. UE UL timing requirement
The agreement and open issue for UE UL timing requirement over 10GHz is:
	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.


In R17 discussion, the UE Tx timing requirement is defined based on the agreement in WF R4-2115346 and WF R4-2120310,
	· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Note: Te_GNSS shall include the total RTT error
· FFS the clarification on total RTT error
· FFS how to derive Te_GNSS from the GNSS positioning accuracy
· Te_SAT is the serving-satellite position estimation error
· Note: Te_SAT shall include the total RTT error
·  FFS the clarification on total RTT error
· Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*108 m/s.
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*108 m/s.


During the previous discussion in R17, we assume basic GNSS accuracy: 50m (not an agreement just assumption during the discussion) and serving-satellite positioning accuracy: 30m (not an agreement just assumption during the discussion). For R18 eNTN, it was stated in the WID that only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands. In our view, for such VSAT UE, the UE side GNSS performance shall be better than the R17 UE. The GNSS performance requirement is specified in TS38.171, 
For UE that support A-GPS L1 C/A only, the nominal accuracy in ideal condition is:
	Success rate
	2-D position error
	Max response time

	95 %
	30 m
	20 s


For UE that support other A-GNSSs than GPS L1 C/A, or multiple A-GNSSs which may or may not include GPS L1 C/A, the nominal accuracy in ideal condition is:
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s


In Ka band the directional antenna filters out most of multiple path impacts on the channel and therefore we think the minimum requirement of 30m can be used as an enhancement (we are not sure which GNSS system can be supported by the VSAT, and then we just select worse case for the generic requirement). In last meeting, Infra vendors commented that UE capability needs to be enhanced otherwise it’s impossible to support such big Te at network side. In order to accommodate the Infra vendor’s concern, we think the VSAT UE could use the ideal GNSS performance in TS38.171 as baseline, that is, 15 meter. For the serving-satellite position estimation error, same principle from R17 can be assumed here and that means this error is same as the UE GNSS estimation error. Thus, we think the UE GNSS accuracy for eNTN can be as small as 15 meters and serving-satellite position estimation error is also 15 meters. We don’t see any difference of GNSS error for different SCS size, as the GNSS model is independent from the NTN cellular model. Thus, for UL SCS of 60kHz and 120ms, X=Y=15m.
For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_GNSS = 2* (GNSS positioning accuracy/c) = 0.1us = 3.07*64*Tc.
· Te_SAT is the serving-satellite position estimation error
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c) = 0.1us = 3.07*64*Tc.
Te_NTN = Te + Te_GNSS + Te_SAT = 6.14*64*Tc + Te
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te for TN
	Te_NTN
	Te_NTN in terms of percentage of CP length

	2-1
	120
	60
	3.5*64*Tc
	9.64*64*Tc
	26.82% of CP length

	
	
	120
	3.5*64*Tc
	9.64*64*Tc
	53.19% of CP length

	
	240
	60
	3*64*Tc
	9.14*64*Tc
	25.43% of CP length

	
	
	120
	3*64*Tc
	9.14*64*Tc
	50.43% of CP length


In TR38.811, the NTN channel delay spread has been discussed as below,
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Here we do not need delay spread for above 10GHz case(Ka band). We didn’t see the justification to relax the RACH channel compared with other channels, because if the network is able to monitor RACH in a big time search window, the same complexity will apply for other channels. But we are open to discuss it during the meeting with other companies.
Proposal 1: RAN4 to determine the Te_NTN requirement for eNTN above 10GHz based on the following, regardless of the UL channel type:
For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error in FR2-1
· Te_GNSS is the GNSS accuracy
· Te_GNSS = 2* (GNSS positioning accuracy/c), where GNSS positioning accuracy is assumed as 15 meter
· Te_SAT is the serving-satellite position estimation error
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where serving-satellite positioning estimation accuracy is assumed as 15 meter
Proposal 2: Not to consider the delay spread margin for Te_NTN requirement for eNTN above 10GHz, according to the analysis in TR38.811.
Proposal 3: The Te_NTN requirement for eNTN above 10GHz is specified as:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	Ka band (above 10GHz)
	120
	60
	9.64*64*Tc

	
	
	120
	9.64*64*Tc

	
	240
	60
	9.14*64*Tc

	
	
	120
	9.14*64*Tc



3. RRM work scope for Ka band
For other RRM impacts of eNTN above 10GHz, since RF will prioritize the radiated requirement and the new NTN band was agreed in [17.3-20.2GHz] for DL and [27.5-30.0GHz] for UL, the beamforming related requirement shall also be considered in RRM.
RF session had some agreements in last meeting, 
	Issue 1-2: Differentiate antenna assumption for GEO and LEO UE
Agreement:
· At least consider the differentiation between mechanical and electronic steering;
· FFS on phased array or parabolic;
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time.


In the deployment in such Ka bands, if NTN UE has Rx beam-forming for a Non-GSO satellite, the new measurement behavior might need more investigation since the legacy Rx beam sweeping factor is up to 8 which can cause very long measurement delay; that is, different from FR1 NTN measurement, the Rx beam sweeping needs to be considered in 10GHz NTN case, however, since the Non-GSO satellite can move very fast, the legacy beam sweeping may not be able to track the DL signal timely, e.g., using SSB for beam tracking, beam_sweeping_factor * SSB periodicity * sharing factor = 8*160ms * sharing factor =1280ms * sharing factor. Sharing factor here is the measurement resource sharing with other UE activities, e.g., L1 UE behavior or measurement gap on different carriers. Thus, some enhancements are probably needed to support mobility measurement in such Ka band, e.g., VSAT UE may adaptively switch the Rx beam direction according to the trajectory of the target satellite, or the beam sweeping factor might be reduced if VSAT UE can roughly determine a direction range for target satellite.  
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Moreover, in R17 TCI switching requirement for PDCCH, the switching is triggered by MAC CE and followed by L1-RSRP measurement and fine time tracking in certain cases. In order to shorten the switching delay, the timer triggered TCI switching or UE triggered TCI switching (e.g., using RSRP to determine the best TCI to switch to) may need to be investigated. And those solutions also need to be evaluated in RAN1 and RAN2.
If the mechanical beam steering is used, all the above assumption for beam sweeping shall be re-investigated since UE may have quite different delay for mechanical beam change. Another potential issue is about the existing UE capability of 
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17 and 
· parallelMeasurementWithoutRestriction-r17,
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In maxNumber-NGSO-SatellitesWithinOneSMTC-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, that means, in FR1 UE can indicate to support multiple NGSO within SMTC for parallel measurement, however, in 10GHz NTN, the beam condition shall also be considered, and therefore UE may not be able to support parallel measurement.
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In parallelMeasurementWithoutRestriction-r17, it’s only for FR1 and no Rx beam related measurement collision has been considered, e.g., if the serving cell belongs to GSO satellite, no scheduling restriction is applied. However, when beam is considered, the measurement restriction may need to be re-considered in this capability design.
Whether the mechanical or electronic steering is used for UE beam will impact all the beam related RRM requirements, as listed below,
· Cell Re-selection requirement for IDLE and INACTIVE mode
· Handover/CHO requirement
· RRC Re-establishment requirement
· RRC Connection Release requirement
· RLM/BFD/CBD requirement
· Active TCI switching requirement
· UL spatial relation switching requirement
· Intra-/inter-frequency cell identification/measurement delay requirement
· L1-RSRP measurement delay requirement
Proposal 4: 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), work scope shall at least include:
· Cell Re-selection requirement for IDLE and INACTIVE mode
· Handover/CHO requirement
· RRC Re-establishment requirement
· RRC Connection Release requirement
· RLM/BFD/CBD requirement
· Active TCI switching requirement
· UL spatial relation switching requirement
· Intra-/inter-frequency cell identification/measurement delay requirement
· L1-RSRP measurement delay requirement
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.
Proposal 1: RAN4 to determine the Te_NTN requirement for eNTN above 10GHz based on the following, regardless of the UL channel type:
For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error in FR2-1
· Te_GNSS is the GNSS accuracy
· Te_GNSS = 2* (GNSS positioning accuracy/c), where GNSS positioning accuracy is assumed as 15 meter
· Te_SAT is the serving-satellite position estimation error
· Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where serving-satellite positioning estimation accuracy is assumed as 15 meter
Proposal 2: Not to consider the delay spread margin for Te_NTN requirement for eNTN above 10GHz, according to the analysis in TR38.811.
Proposal 3: The Te_NTN requirement for eNTN above 10GHz is specified as:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	Ka band (above 10GHz)
	120
	60
	9.64*64*Tc

	
	
	120
	9.64*64*Tc

	
	240
	60
	9.14*64*Tc

	
	
	120
	9.14*64*Tc


Proposal 4: 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), work scope shall at least include:
· Cell Re-selection requirement for IDLE and INACTIVE mode
· Handover/CHO requirement
· RRC Re-establishment requirement
· RRC Connection Release requirement
· RLM/BFD/CBD requirement
· Active TCI switching requirement
· UL spatial relation switching requirement
· Intra-/inter-frequency cell identification/measurement delay requirement
· L1-RSRP measurement delay requirement
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7.35.22 Assessment of conditions for NR operation in Non-Terrestrial networks
Delay spread in satellite propagation channels

Signal echoes are associated to the presence of indirect rays that reach the receiver antenna and carry a significant
energy with respect to the energy of the direct ray.

ITU-R recommendation [34] defines for the 2 GHz band three parameter sets of wideband models, including LOS and
NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. The
delay spread of these three parameter sets ranges between 180 ns to 250 ns, whereas the 250 ns are stated to cover 90%
of the cases.

For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the same range or
even lower due to the traveling distances of the echoes arriving at a receiver.

Few papers are available on delay spread measurements in Ka-Band. Reference [35] is stating the coherence bandwidth
to be 30 MHz at 40 GHz with omnidirectional antennas. According to [36], the coherence bandwidth (A f)c of a channel
with maximum delay spread Tm is

(Afe=1/(5T)

For the stated coherence bandwidth in [35], this results in a maximum delay spread of Tm = 25 ns for omni-directional
antennas. For directional antennas, echoes with significant delay are normally filtered out by the antenna radiation
pattern, so flat fading can be assumed for Ka-band signals.
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