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1. Introduction
In RAN4#109 meeting, the NR-NTN RRM requirements in above 10 GHz bands have been discussed and WF was agreed in [1]. However, there are still many open issues to address for RRM requirement design. In this contribution, we further discuss the NR-NTN RRM requirements in above 10 GHz bands.
2. UE UL timing requirement
The previous agreement and open issue for UE UL timing requirement over 10GHz is:
	Issue 1-3: Further relaxation of Te_NTN for PRACH
No agreement

Issue 1-6: Te_NTN for 60kHz and 120kHz
[bookmark: _Hlk151008787]Agreement:
· UL 60kHz SCS:
· 13 Ts for all cases with 120kHz/240kHz SSB
· UL 120kHz SCS:
· Case 1 and case 2: 7.5 Ts
· FFS for the applicable side condition on case 2
· Case 3: Higher than 7.5 Ts, FFS for the exact value 


There are three cases to be considered in RRM requirement design:
· RRM requirements shall cover at least the following scenarios
· Case-1: Stationary UE for GSO
· Case-2: Stationary UE for LEO
· Case-3: Mobile UE for GSO

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 previous 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 stationary VSAT UE in case 1 and case 2 could use the ideal GNSS performance in TS38.171 as baseline, that is, 15 meter, while the mobile VSAT UE in case 3 may need more margin for GNSS accuracy, i.e., 30 meters.

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 when the satellite is GSO. However, serving-satellite position estimation error for the LEO satellite also needs more margin, and therefore we propose to have 30 meters for it, as same as the mobile UE’s GNSS accuracy (following R17 logic). 

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 120kHz, X=Y. In summary, the following error assumptions are used in our calculation. 

	•	UL 120kHz SCS
	GSO
	LEO

	Stationary UE
	Case 1 already concluded with 7.5Ts
	Case 2: 
UE GNSS error: 15m
satellite position error: 30m

	Mobile UE
	Case 3:
UE GNSS error: 30m
satellite position error: 15m
	NA



Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors. In previous RAN4 WF, it was agreed that,
Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
Based on our analysis in proposal 1, the following Tp values are observed:
	Case
	Tp = Tp,ue + Tp,sat

	Case-2: Stationary UE for LEO
	0.3us=9.22*64*Tc=9.2*Ts

	Case-3: Mobile UE for GSO
	0.3us=9.22*64*Tc=9.2*Ts



In our view, we still need to consider the Te_NTN requirement based on the legacy Te in TN, since that was an agreed methodology we used to derive the Rel-17 NTN timing requirement. In the components for Tg calculation, some of them are double counted or related, like Tr and Ta. We still think it’s more reasonable to check the difference between FR2 TN and Ka band NTN, and then we can decide the NTN timing requirement in Ka band. For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Tp.
· Te is the legacy timing error

	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

	FR2-1
	120
	120
	3.5*64*Tc
	Case 2/3: 12.72*64*Tc
	Case 2/3: 70.18% of CP length

	
	240
	120
	3*64*Tc
	Case 2/3: 12.22*64*Tc
	Case 2/3: 67.42% of CP length



In last meeting, the case 2 Te requirement for UL SCS=120kHz has been concluded as 7.5Ts, however, the applicable side condition on case 2 is still FFS. In our view, the only possible enhancement of the timing accuracy for case 2 can be from the satellite position error, as propagator model estimation heavily rely on the time during for the estimation. 

The UE positioning error is 15m (i.e., 3Ts for round trip) based on above analysis, and the legacy Te in TN is 3.5Ts/3Ts for 120/240kHz SSB SCS. In order to achieve the 7.5Ts accuracy, the satellite position error can be up to 0.5Ts (i.e., around 5m; and round trip error is 1Ts). According to the analysis in [2] (duplicate the figure below from [2]), the prediction time could be 5 sec to achieve 5 meters satellite position prediction error. 
[image: ]
Figure 1. the simulation result of prediction error vs prediction time in RAN1 [2]
In our view, if the ephemeris information can be refreshed in every 5 seconds, the case 2 can also achieve 7.5 Ts for Te requirement.

Proposal 1: In case 2, Te_NTN requirement for UL 120kHz SCS can be 7.5Ts only if the ephemeris information can be refreshed in every 5 seconds.

Based on our calculation, the Te_NTN requirement for case 3 is about 13Ts due to the mobility status of UE.

Proposal 2: In case 3, Te_NTN requirement for UL 120kHz SCS can be 13Ts.

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.

Proposal 3: Te_NTN requirement for NTN on above 10GHz shall not be differentiated for different channel types, i.e., Te_NTN requirement for RACH is same as other UL channels’.
3. Other RRM requirements
Issue 2-13: UE capability

	FFS
· The following UE capabilities introduced in Rel-17 NR NTN are not applicable for NR NTN band above 10GHz:
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· Note: Support of simultaneously measurements on target cells belonging to different NGSO satellites within a SMTC
· parallelMeasurementWithoutRestriction-r17 are not applicable
· Note: Support of measurements on cells belonging to different satellite as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release (Rel-17).
· parallelSMTC-r17
· Note: Support of measurements on target cells belonging to 4 SMTC-s on a single frequency carrier
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· maxNumber-LEO-SatellitesPerCarrier-r17
· Note: On serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier including serving satellite
· Note: On non-serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier.
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· TBD on [parallelMeasurementGap-r17]
· Note: Support of 2 measurement gaps
· Note: the capability directly means neither ‘parallel/simultaneous measurement’ nor ‘inter-satellite measurement.’



For other RRM impacts of eNTN above 10GHz, some existing UE capabilities may need clarification for NTN UE in Ka band: 
· 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.

Since the inter-satellite measurement has no requirement in Rel-18, if this capability is expanded to NTN UE in Ka band, the n1 shall be assumed for Rel-18 NTN UE.
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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.

Same as maxNumber-NGSO-SatellitesWithinOneSMTC-r17, since the inter-satellite measurement has no requirement in Rel-18, if this capability is expanded to NTN UE in Ka band, the scheduling restriction shall be always applied for Rel-18 NTN UE.

Regarding other capabilities, they are defined as followings:
	parallelMeasurementGap-r17
Indicates whether the UE supports 2 parallel measurement gaps for NTN SSB based RRM measurements. If a UE does not include this field but includes nonTerrestrialNetwork-r17, the UE supports 1 measurement gap for NTN SSB based RRM measurements. If this parameter is indicated, a UE shall also support that two parallel measurement gaps with the same gap type can be associated to one frequency layer. A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
	UE
	No
	FDD only
	FR1 only


	parallelSMTC-r17
Indicates whether the UE supports NTN SSB based RRM measurements on target cells belonging to 4 SMTC-s on a single frequency carrier. If a UE does not include this field but includes nonTerrestrialNetwork-r17, the UE supports NTN SSB based RRM measurements on target cells belonging to 2 SMTC-s on a single frequency carrier.
	UE
	No
	FDD only

	FR1 only


	maxNumber-LEO-SatellitesPerCarrier-r17
Indicates the number of target LEO satellites the UE can monitor per carrier. For serving carrier, the number of target LEO satellites also includes the serving satellite. If this field is not included, the number of target satellites UE can monitor per carrier is 2. The value shall be larger than or equal to the reported value on maxNumber-NGSO-SatellitesWithinOneSMTC-r17.
	Band
	No
	FDD only
	FR1 only



In our understanding, all these above capabilities are relevant with the parallel measurement on different satellites on a carrier. As mentioned in the moderator summary in last meeting, according to the RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18. We think all these capabilities shall still be applied for FR1 and shall not be expanded to NTN UE in above 10GHz band.

We support following alternatives to move forward.
 
Proposal 4: The following UE capabilities introduced in Rel-17 NR NTN are not applicable for NR NTN band above 10GHz:
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· parallelMeasurementWithoutRestriction-r17 are not applicable
· parallelSMTC-r17
· maxNumber-LEO-SatellitesPerCarrier-r17
· parallelMeasurementGap-r17
	
4. Conclusion
In this contribution we discuss the impact on RRM for the eNTN UE.

Proposal 1: In case 2, Te_NTN requirement for UL 120kHz SCS can be 7.5Ts only if the ephemeris information can be refreshed in every 5 seconds.

Proposal 2: In case 3, Te_NTN requirement for UL 120kHz SCS can be 13Ts.

Proposal 3: Te_NTN requirement for NTN on above 10GHz shall not be differentiated for different channel types, i.e., Te_NTN requirement for RACH is same as other UL channels’.

Proposal 4: The following UE capabilities introduced in Rel-17 NR NTN are not applicable for NR NTN band above 10GHz:
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· parallelMeasurementWithoutRestriction-r17 are not applicable
· parallelSMTC-r17
· maxNumber-LEO-SatellitesPerCarrier-r17
· parallelMeasurementGap-r17
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