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Introduction
Per RAN’s guidance, 

“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).”

As the rational provided in RP-230878 [1], it is expected that UE needs to use RX beamforming, similar to FR2. Besides, as the baseline, assume that UE has the single beam towards one single satellite at a given time  [2]. The scope on RRM requirement for Ka band has been discussed in RAN4#108 [3]. Furthermore, in RANP#101[4], the following conclusion reached: 
[image: ]
Proposal 1: As part of the NR-NTN-enh WID, RAN4 shall work on the definition of RRM requirements considering the following cases: 
· Case-1: Stationary UE for GSO; 
· Case-2: Stationary UE for LEO; 
· Case-3: Mobile UE for GSO
UE architectures: 
· Fully electronically-steered beam UEs (Type 1);
·  Fully mechanically-steered beam UEs (Type 2)


In this paper, our views are provided for electronically-steered beam UEs (Type 1) RRM requirement for NTN above 10GHz.
Electronically-steered beam UEs (Type 1) RRM requirement for Ka band
As in RANP#101[4], the following assumption are made: 

Intra-sat: no RX beam sweeping is needed. 
For mechanical steering beam, it has been classified by inter-sat and intra-sat. For intra-sat, the RX beam direction for the target cell is predictable, and thus the scaling factor for beam sweeping is not considered and most of FR1 requirements can be reused. 
For electronically steered beam, similarly, for intra-sat, the RX beam direction for the target cell is predictable and it is the same as the serving cell. However, it needs to further discuss and satellite group’s feedback on whether to consider RX beam refinement at a given rough beam direction. For example, for Mobile UE in GSO (Case 3), as the UE is moving and its location is changed, it may take some time to update the RX beam refinement, e.g. for Radio link monitoring.
[bookmark: _Ref146550195]Observation 1: For Mobile UE in GSO (Case 3), if the UE is required to camp on/connected to cell when it’s moving, UE may need to update the RX beam refinement.
[bookmark: _Ref146550202]Proposal 1: For intra-sat (both serving and neighbor cells which belong to the same sat.) and electronically-steered beam UEs, whether to consider scaling for RX beam refinement at a given beam direction needs satellite companies to confirm. 
[bookmark: _Ref146550206]Proposal 2: For intra-sat and electronically-steered beam UEs, if it confirms not to consider scaling factor for RX beam refinement, the FR1 NTN requirement except UL uplink timing accuracy can be reused as the baseline.  

Inter-sat: HO assumptions and the corresponding L1/L3 measurements
For intra-sat, same RX beam is used for serving and the target cell, and no RX bean sweeping is assumed.
For inter-sat, it considers only blind HO and no neighbor cell measurement (at least for mechanical steering UE). Since no neighbor measurement in CONN, it is not useful to define the corresponding L3 neighbor measurement requirement in CONN. For blind handover, the unknown HO requirement can be considered as the starting point. Besides, the RX beam steering time (TRX beam steering) to point to the target satellite should be considered in the HO interruption time, because it could take longer time than FR2 smart phone devices, as more antenna elements on VSAT. TRX beam steering for electronically-steered beam is expected much shorter than it for mechanical-steered beam. The HO interruption can be as the following:  
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TRX beam steering ms
-	TRX beam steering is the time required to steer the RX beam from the source cell to the target cell on different satellite.  
[bookmark: _Ref146750481]Proposal 3: For inter-sat and electronically-steered beam UEs, consider only unknown HO requirement, and define the HO interruption as the following: 
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TRX beam steering ms
-	TRX beam steering is the time required to steer the RX beam from the source cell to the target cell on the different satellite.  FFS the value of TRX beam steering.
[bookmark: _Ref146550209]Proposal 4: For inter-sat and electronically-steered beam UEs, similar to mechanical steering beam UE, define the following measurement procedure/performance requirements for serving cell but not for neighbouring cells. 

Single TX beam per cell in DL
Thus the beam management and the corresponding BFD/CBD and TCI switch requirement are not useful. However, by following the logic L1-RSRP requirements seems not useful neither. 
[bookmark: _Ref146550213]Proposal 5: Not to define L1-RSRP measurement requirement for Ka-band in R18.

Scheduling/measurement restriction in CONNECTED mode
· This includes radio link monitoring, measurement procedure (L1/L3)
· [bookmark: _Hlk146551184]In FR1, it considers the mixed numerologies between SSB and data/CSI-RS. It should be considered even only serving cell measurement (and no neighbor measurement) is performed. Currently, no TDD band is considered in NTN.
· In FR2, it considers the limitation of Rx beam between cells / channels / RSs. 
· As now only 1 TX beam per cell is considered, and target cell and serving cell share the same UE RX beam for intra-sat, and no neighbor cell measurement for inter-sat in CONN, wo don’t see the use case for the limitation of Rx beam on Scheduling/measurement restriction.
· The scheduling restriction in FR2 was introduced because RAN4 allows UE to form fine beam for L1 measurement / PDSCH reception and rough beam for L3 SSB measurement. However, UE is not expected to form fine beam and rough beam at the same time. Besides, the beam direction of PDSCH could be different from the beam direction of neighbor cell’s SSB. Therefore, when PDSCH and L3 SSB collide on the same OFDM symbol, RAN4 decided to prioritize L3 SSB measurement, implying the scheduling restriction to PDSCH on the same OFDM symbol.
· The measurement restriction in FR2 was introduced when 2 RS for L1 measurements (RLM, BFD, CBD, L1-RSRP) collided on the same OFDM symbol. UE may encounter a conflict when trying to form different Rx beams toward different directions to receive different RS. RAN4 did not explicitly specify the measurement delay requirements in this case. 
[bookmark: _Ref146550217][bookmark: _Hlk146551192]Proposal 6: Reuse scheduling/measurement restriction for RLM and L3 measurements for mixed numerologies, as defined in FR 1 NTN. 

As a summary, the corresponidng RRM requirements are analysed as the following: 
	TS 38.133 requirements
	Electronic, 
Inter-Sat
	Electronic, 
Intra-Sat
	Description

	Timing requirement
	Y
	Y
	To consider 60kHz/120kHz SCS. nothing to do with the UE beam sweeping architecture. The main causes to the timing error are the DL timing estimation accuracy, RF circuit uncertainty, GNSS estimation accuracy, …, etc. 
In general, we believe the same requirement can be shared for both Type 1/Type 2 UE. 

	RRC IDLE mobility 
	L
	L
	For intra-sat: may consider RX beam refinement e.g. for mobile UE
For inter-sat: consider RX beam sweeping.

	Handover 
	Y
	Y
	To consider Ka band – Ka band HO
For intra-sat: NOT to consider RX beam factor
For inter-sat: NOT to consider RX beam factor. Only blind HO.

	RRC Re-establishment 
	L
	L
	For intra-sat: may consider RX beam refinement e.g. for mobile UE
For inter-sat: consider RX beam sweeping.

	RRC Connection Release
with Redirection 
	N
	N
	 

	Radio Link Monitoring 
	Y
	Y
	may consider RX beam refinement e.g. for mobile UE

	Link Recovery procedure 
	N
	N
	As single TX beam

	DL TCI switch
	N
	N
	As single TX beam

	Measurement Procedure 
	Only for serving cell
	Y
	For intra-sat: may consider RX beam refinement e.g. for mobile UE
May revise for scheduling restriction

	Measurement Performance 
	Only for serving cell
	Y
	For RSRP, RSRQ, SINR, L1-RSRP



UL timing accuracy
The UL SCS has be discussed in RAN#106 in RF Error! Reference source not found., and it waits for RRM conclusion on the feasibility of using sub-carrier spacing values 60 and 120 kHz for NTN above 10 GHz.
Besides, the RAN4 discussions on timing requirement are still ongoing, as in the agreed RAN4 LS to RAN1/RAN2 [5]:RAN4 discussions are still ongoing on how to define the maximum timing errors (Te) for 60 kHz and 120 kHz sub-carrier spacing, which had not been defined for NTN FR1 in Release-17. Moreover, maximum timing errors (Te) defined in Release-17 may not be compatible with 60 kHz and 120 kHz sub-carrier spacing configurations due to lower CP length. RAN4 RRM is currently investigating maximum timing errors (Te_NTN) limits, maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN, for 60 kHz and 120 kHz sub-carrier spacing for R18 NTN Ka band.

 
In RRM WF [6], the UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz has been discussed as follows: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 the discussion on R17 NR NTN, the UE UL timing accuracy requirements can be formulated as: 
Te_NTN = Te_TN + Te_GNSS + Te_SAT , where
· Te_TN: Legacy TN UE UL Timing Accuracy 
· Te_GNSS: UE GNSS accuracy. 
· Te_SAT : UE ephemeris est. error. 
Besides, additional timing error can be introduced by the following factors:  
· TA command resolution error (section 4.2, TS 38.213): 2*64 Tc for 60kHz SCS and 1*64 Tc for 120kHz SCS
· TA adjustment accuracy (section 7.3.2, TS 38.133): 2*64 Tc for 60kHz SCS and 0.5*64 Tc for 120kHz SCS
It can be observed that, for 120kHz SCS, where normal 0.5*CP (9*64 Tc), the timing error introduced by legacy Te_TN (3.5*64 Tc), TA command resolution error (1*64 Tc), TA adjustment accuracy (0.5*64 Tc) and it leaves 4*64 Tc for Te_GNSS  + Te_SAT. In other words, to support 120 kHz, the UE 3D-GNSS accuracy + UE ephemeris est. error for SAT positions needs to be 20 meters. 
RAN4 needs further discuss the error budget for Te_GNSS  for Stationary UE and Mobile UE, and Te_SAT for GSO and LEO. 
[bookmark: _Ref118374994][bookmark: _Ref124344551][bookmark: _Ref126232029][bookmark: _Ref130909846][bookmark: _Ref134625776]Observation 2: To support 120kHz SCS, the UE 3D-GNSS accuracy + UE ephemeris est. error for SAT positions needs to be 20 meters.
[bookmark: _Ref130909859]Proposal 7: For 120kHz SCS with normal CP, FFS the error budget for Te_GNSS for Stationary UE and Mobile UE, and Te_SAT for GSO and LEO.
Summary
[bookmark: _Hlk146551683]The observations and proposals are summarized as the following: 
Observation 1: For Mobile UE in GSO (Case 3), if the UE is required to camp on/connected to cell when it’s moving
Proposal 1: For intra-sat (both serving and neighbor cells which belong to the same sat.) and electronically-steered beam UEs, whether to consider scaling for RX beam refinement at a given beam direction needs satellite companies to confirm.
Proposal 2: For intra-sat and electronically-steered beam UEs, if it confirms not to consider scaling factor for RX beam refinement, the FR1 NTN requirement except UL uplink timing accuracy can be reused as the baseline.
Proposal 3: For inter-sat and electronically-steered beam UEs, consider only unknown HO requirement, and define the HO interruption as the following:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TRX beam steering ms
-	TRX beam steering is the time required to steer the RX beam from the source cell to the target cell on the different satellite.  FFS the value of TRX beam steering.
Proposal 4: For inter-sat and electronically-steered beam UEs, similar to mechanical steering beam UE, define the following measurement procedure/performance requirements for serving cell but not for neighbouring cells.
Proposal 5: Not to define L1-RSRP measurement requirement for Ka-band in R18.
Proposal 6: Reuse scheduling/measurement restriction for RLM and L3 measurements for mixed numerologies, as defined in FR 1 NTN.
Observation 2: To support 120kHz SCS, the UE 3D-GNSS accuracy + UE ephemeris est. error for SAT positions needs to be 20 meters.
Proposal 7: For 120kHz SCS with normal CP, FFS the error budget for Te_GNSS for Stationary UE and Mobile UE, and Te_SAT for GSO and LEO.
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