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1 Introduction
In previous RAN4 meetings, we discussed the RRM requirements in NTN above 10GHz. In last RAN4#108-bis meeting, there were some agreements in [1] for Type 1 UE and Type 2 UE. 
In this contribution, we continue to discuss the open issues for RRM requirements for Type 1 UE and Type 2 UE in above 10GHz bands. Type 1 UE and Type 2 UE here are referred to [2].
2 Discussion
2.1 UL timing requirements in bands above 10 GHz
In Rel-17 NTN WI or other legacy RRM requirements, there are four series requirements defined. 
· UL transmit timing requirements
· Gradual timing adjustment requirements
· UL timer accuracy requirements
· Timing advance requirements
Firstly, for timing advance requirements, we think the UE behavior for Rel-17 and VSAT UE in bands above 10GHz are the same. Therefore, the legacy NTN FR1 requirements in 7.3C can be reused except the Table 7.3C.2.2-1.
According to the agreements in Rel-17 NTN, UE position and satellite position estimation error shall not be accounted for TA adjustment accuracy requirements. Therefore, the legacy NR TN FR2 TA adjustment accuracy requirements can be reused. 
Proposal 1: For timing advance requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.3C except the Table 7.3C.2.2-1.
If 60kHz and 120kHz can be accepted, UE Timing Advance adjustment accuracy is defined as:
	UL Sub Carrier Spacing(kHz)
	60
	120

	UE Timing Advance adjustment accuracy
	±128 Tc
	±32 Tc



For UL timer accuracy requirements, it is generic. In Rel-17, it reused legacy TN requirements. For VSAT UE in bands above 10GHz, there is no difference. The Rel-17 NTN FR1 requirements can be reused. 
Proposal 2: For UL timer accuracy requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.2C.
For Gradual timing adjustment requirements, in Rel-17, it discussed a lot. According to the final agreement including: The feeder link time drift is not considered in the gradual timing adjustment. The maximum delay variation for the round-trip delay is not considered in the gradual timing adjustment. For other UE behaviors for VSAT UE in bands above 10GHz, there is no any difference. Therefore, the legacy NTN FR1 requirements in 7.1C.2.1 can be reused except the Table 7.1C.2.1-1. 
Proposal 3: For Gradual timing adjustment requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.1C.2.1 except the Table 7.1C.2.1-1.
If 60kHz and 120kHz can be accepted, Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate is defined as:
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	FR2-NTN
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc


Note: FR2-NTN is from agreements in RF session. 

For UL transmit timing requirements, RAN4 discussed a lot in previous RAN4 meetings. In last RAN4#108-bis meeting, the agreements are captured in [1] as below: 
	Issue 1-1: Common vs. Different UE uplink timing requirements for different UE types
Agreement:
· A common set of UE uplink timing requirements is defined for both UE types.


However, the details of UE uplink timing requirements are still FFS as:
	Issue 1-2: Common vs. Different UE uplink timing accuracy requirements for different cases (Case-1/2/3)
Agreement:
· Further discuss achievable UE performance under different cases, FFS whether separate requirements needed or not.
Issue 1-3: Further relaxation of Te_NTN for PRACH
Agreement:
· Define Te_NTN requirements for uplink signals/channels except for PRACH first, and come back to the issue to decide whether to introduce a different set of requirements for PRACH.
Issue 1-5: Te_NTN for 120kHz
Agreement:
· FFS whether different set of Te_NTN requirements needed for UL SCS 120kHz.
Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· 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
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Technical analysis is required if any number will be provided for each of the components in the next meeting.
Whether the same or different values for different channels is contribution driven.



The legacy Te requirement in TN FR2 in shown as:

Table 1: Te Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc



For UL SCS 60kHz, CP length = 36*64*Tc CP/2 = 18*64*Tc
For UL SCS 120kHz, CP = 18*64*Tc CP/2 = 9*64*Tc
64*Tc = 32.552ns

For the components in Tg = 0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm)
If Ta in Proposal 1 can be agreed, Ta is 2*64*Tc for 60kHz and 0.5*64*Tc for 120kHz.
Td can be covered by legacy TN Te which is in Table 1. 
Tr can be  which means 2*64*Tc for 60kHz and 1*64*Tc for 120kHz.
In legacy Rel-15 Te discussion, the agreements in RAN4#85 meeting shows the different RF margins apply to different frequency ranges has already included in Rel-15 discussion. If Tm here is for additional gNB RF error, we think the gNB RF margin should be better than that in UE side. Therefore, we can accept 0 for it. 
We don’t think Tf should be considered.

Tp is derived from UE position error and satellite position estimation error. According to the agreements in Rel-17 NTN. 
 Tp,ue = 2 * X / c
 Tp,sat = 2 * Y / c
Therefore, it can be calculated what is the maximum of tolerated X+Y.
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Maximum tolerated X+Y

	120
	60
	51

	
	120
	20

	240
	60
	53

	
	120
	22




If no additional UE capability, the UE position error and satellite position should be same for UL 60kHz and UL 120kHz when in the same condition. 
According to the WF in [3]:
	· 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



According to 38.171, the GNSS positioning error can be 15m for additional UE A-GNSS performance. 
	Minimum requirements (nominal accuracy)
The position estimates shall meet the accuracy and response time requirements in Table 6.2.1-1.
Table 6.2.1-1: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s





In additional, from the principle in 38.171, the positioning accuracy for mobile scenario which “A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GNSS receiver in changing UE speed and direction” is worse than the nominal ones. 
In RF session agreement, the UE has been defined and separated for fixed VSAT and mobile VSAT. 
Therefore, X can be defined as 15m for fixed VSAT of UE position error for nominal. According to the principle of 38.171, X of moving UE should be larger than that in nominal requirements which in 38.171 it is 50m.
Y is for satellite position estimation error. According to the principle in Rel-17, it is less than X. And the estimation error depends on UE implementation and many of aspects such as UE algorithm to predict the satellite position by using the ephemeris information in periodical SIB. From this point of view, the GSO is fixed trajectory. The NSGO is moving and the additional predication error has been introduced as time apart away from the SIB. Therefore, we think Y is less in GSO scenario than in NGSO. 
In last meeting, some companies propose that RAN4 just defines the minimum requirements for the worst case. However, we think it is unfair for the deployment. If X=15m and Y=5m for GSO+fixed UE, which means 120kHz SCS can work for the NW deployment and UE. If use the worst case (no matter to increase the accuracy for mobile UE or NGSO for fixed UE) which 20m tolerance is not feasible for 120kHz. 
Therefore, for Issue 1-2, we support different requirements.
Proposal 4: For Issue 1-2, we support different UE uplink timing accuracy requirements for different cases (Case-1/2/3). 
Proposal 5: For Case 1, X=15m Y=5m. 
Te requirements:
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	120
	60
	7.5*64*Tc

	
	120
	7.5*64*Tc

	240
	60
	7*64*Tc

	
	120
	7*64*Tc



Proposal 6: For Case 2/3
Te requirements:
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	120
	60
	13.5*64*Tc

	
	120
	-

	240
	60
	13*64*Tc

	
	120
	-



2.2 Other RRM requirements in bands above 10 GHz
In last RAN4#108-bis meeting, based on the RAN plenary assumption in [2], it is agreed for many RRM requirements to reuse Rel-17 FR1 NTN requirements for both Type 1 and Type 2 UEs. 
The only open issues are shown as below:
	Issue 2-10: Inter-satellite Handover
Agreement:
· For Type 1 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknown cell condition plus an additional interruption component for UE beam refinement to address a concern about beam mis-alignment at the handover period due to the target satellite position error and/or UE beam steering error. TBD on the additional interruption length. 
· For Type 2 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknow cell condition plus an additional interruption component for the retuning of the mechanical beam direction. TBD on the additional interruption length.
· Postpone the discussion on inter-satellite CHO requirements on above 10GHz bands in future releases.


For inter-satellite handover, for Type 1 UE, when the UE knows or predicts the location of satellite, it turns the direction to the satellite and perform UE beam refinement in a small range. The behaviour can be similar as beam sweeping in FR2 TN system. N can be 2 for both sides of the satellite direction. 
Proposal 7: For Type 1 UE handover requirements, the additional interruption length can be 2 * Trs for intra-frequency cell and 2 * 3 * Trs for unknown inter-frequency cell. 
For Type 2 UE, the additional interruption length depends on the angular separation between the two satellites and the beam tracking velocity of the antenna. 
In RF session, there are assumption on UEs beam tracking velocity of the antenna.
In [4], it is shown as:
	Issue 2-5: Beam switching requirement 
Agreement/WF:
Take following information as working assumption for beam switching time:
Ø  For mechanical steering: the typical values can be 22 degree/second, 6~8 seconds (if 120 degrees steering is assumed) for inter-satellite beam switching.
Ø  For electronic steering: A typical value is FFS for beam steering.


If using 22 degree/second, the additional interruption length depends on the angular separation between the two satellites. For GSO/GEO, the angular separation is 120 degrees. The additional interruption length is 5.5s for GSO scenario. For LEO, the angular separation depends on the deployments. In practice, the typical angle is less than that is GSO. We think it can be a shorter interruption length than GSO scenario. 
Proposal 8: For Type 2 UE handover requirements, the additional interruption length can be 5.5s for GSO scenario. For LEO, the angular separation depends on the deployments. We think it can be a shorter interruption length than GSO scenario.
	Issue 2-11: Mechanical beam steering for Type 2 UE
Agreement:
· For Type 2 UE, in RAN4#109, discuss and decide whether/how to resolve issues due to non-zero beam switching delay from one satellite to another. 
· The beam switching delay can be an implicit or explicit UE capability. 
· The capability can be static or semi-static one. RAN4 to aim to decide the details (including any procedure modification, which may be needed in RAN1/2/, to accommodate Type 2 UE beam switching latency).


From the RF discussion, the VSAT UE are separated by Fixed VSAT/Mobile VSAT and mechanical steering antenna/ electronical steering antenna. For the beam steering type, it is a UE antenna type. It is a static one. RRM have different requirements and behaviour for these two types. We propose to define a static capability for it. 
Proposal 9: Define a static capability for UE steering types, which can be electronica-steered or mechanical-steered.
3 Conclusion
In this contribution, we provide our further analysis of RRM requirements for both electronically-steering antenna UEs and mechanical-steering antenna UEs in NTN above 10GHz band and our proposals are:
Proposal 1: For timing advance requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.3C except the Table 7.3C.2.2-1.
If 60kHz and 120kHz can be accepted, UE Timing Advance adjustment accuracy is defined as:
	UL Sub Carrier Spacing(kHz)
	60
	120

	UE Timing Advance adjustment accuracy
	±128 Tc
	±32 Tc


Proposal 2: For UL timer accuracy requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.2C.
Proposal 3: For Gradual timing adjustment requirements to support VSAT UE in bands above 10GHz, reuse the legacy NTN FR requirements in 7.1C.2.1 except the Table 7.1C.2.1-1.
If 60kHz and 120kHz can be accepted, Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate is defined as:
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	FR2-NTN
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc


Note: FR2-NTN is from agreements in RF session. 
Proposal 4: For Issue 1-2, we support different UE uplink timing accuracy requirements for different cases (Case-1/2/3). 
Proposal 5: For Case 1, X=15m Y=5m. 
Te requirements:
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	120
	60
	7.5*64*Tc

	
	120
	7.5*64*Tc

	240
	60
	7*64*Tc

	
	120
	7*64*Tc



Proposal 6: For Case 2/3
Te requirements:
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	120
	60
	13.5*64*Tc

	
	120
	-

	240
	60
	13*64*Tc

	
	120
	-


Proposal 7: For Type 1 UE handover requirements, the additional interruption length can be 2 * Trs for intra-frequency cell and 2 * 3 * Trs for unknown inter-frequency cell. 
Proposal 8: For Type 2 UE handover requirements, the additional interruption length can be 5.5s for GSO scenario. For LEO, the angular separation depends on the deployments. We think it can be a shorter interruption length than GSO scenario.
Proposal 9: Define a static capability for UE steering types, which can be electronica-steered or mechanical-steered.
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