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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108, the issues in the objective of ‘NR-NTN deployment in above 10 GHz’ were collected in WF [1]. Later, in 3GPP TSG-RAN Meeting #101, further agreements were obtained in WF [2] to clarify the scenarios for the objective.  
In this contribution, we herein present our views and proposals on the remaining issues.
Discussion
Recap agreements in [2] in the below:
	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)
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Regarding the agreements, Case-1: Stationary UE for GSO, Case-2: Stationary UE for LEO and Case-3: Mobile UE for GSO shall be taken into account. 

Observation 1: A type 2 UE can be a stationary type 2 UE for GSO, a stationary type 2 UE for LEO or a mobile type 2 UE for GSO.

Different requirements shall be applied to inter-satellite and intra-satellite cases for the type 2 UE. Accordingly, TS 38.133 shall capture the inter-satellite and intra-satellite cases in clauses for the type 2 UE.
Proposal 1: TS 38.133 shall capture the inter-satellite and intra-satellite cases in clauses for the type 2 UE. 

In inter-satellite case, the type 2 UE must steer the antenna orientation to a neighbor satellite, and it may still need to re-steer the antenna direction back to the serving satellite if needed. In a typical example, the VSAT changes its orientation by 15-20 degrees per second. Therefore, steering the type 2 UE by 120 degrees may take up to 6-8 seconds.
Since blind handover is applicable to the type 2 UE, the interruption time for handover shall be defined. The legacy interruption time for FR2 -FR2 handover is reproduced from TS 38.133 as follows:
	6.1.1.4.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N* Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N*3* Trs  ms. N = 8 when the target cell is in FR2-1, and N = 12 when the target cell is in FR2-2. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms. 
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ =  Trs for both known and unknown target cell.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If such measObjectNRs configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
In FR2, the target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the handover command:
-	the UE has sent a valid measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3,
-	One of the SSBs measured from the target cell also remains detectable during the handover delay according to the cell identification conditions specified in clause 9.3.
otherwise it is unknown.



In inter-satellite handover, the type 2 UE shall be able to detect the target cell after receiving handover command.  Considering the antenna steering time to the target satellite before searching the target cell, the steering delay: Tsteering shall be added into the interruption time.
Observation 2: The antenna steering delay of type 2 UE for changing its antenna orientation from serving satellite to a neighboring satellite can as long as 6-8 seconds.
Proposal 2: Add a Tsteering in the interruption time of inter-satellite handover, which is the time delay for type 2 UE steering its antenna orientation to the target satellite.
According to the agreement in [2], requirements for radio link monitoring (RLM) procedure shall be defined for the type 2 UE.
Assuming the 3dB beamwidth of a type 2 UE is 5 degrees from the point of observation, the coverage range at 600km (LEO orbit attitude) distance is approximately 52 km. For a satellite orbiting the earth with speeds up to 7.56 km/s, the type 2 UE can keep its main beam lobe pointing towards the serving satellite for 7 seconds without any beam steering operation. Compared with maximal TEvaluate_out_SSB and TEvaluate_in_SSB : 200ms with DRX cycle ≤ 320ms, the type 2 UE can finish the out of sync (OOS) or in-sync (IS) ﻿evaluation without steering operation provided that the type 2 UE only needs to monitor the link between the serving satellite and the UE, i.e., an intra-satellite operation. 
Observation 3: If the type 2 UE only needs to monitor the link between the serving satellite and the type 2 UE then it can finish ﻿the evaluation for RLM (e.g. OOS or IS detections) on the serving satellite without its antenna steering operation.  
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Figure 1 The normalized antenna pattern of a VSAT transmit antenna operating at 28750 MHz [3]

However, in reality the type 2 UE may have to steer its antenna to measure neighbor satellites e.g. for performing mobility measurements, conditional/blind handover etc. During such procedures the type 2 UE will also have to continuously evaluate the serving satellite’s signal quality for OOS and IS detections as part of the RLM procedure. But due to prolong antenna steering time (e.g. 6-8 seconds) the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310. The RLF will eventually lead to RRC connection re-establishment procedure, which requires the type 2 UE to perform the cell selection on the carriers configured for RRC re-establishment. The UE shall be able to detect suitable target cell and send PRACH on the selected cell. The unnecessary triggering of the RLF and RRC connection re-establishment procedure due to the prolonged delay in steering the beam towards the neighboring satellite should be avoided to prevent for example handover failure. We therefore suggest that the type 2 UE suspends or cancels any RLF triggered while performing the antenna steering operation during the handover to a neighboring satellite. 
Observation 4: During handover to a neigboring satellite, due to prolong antenna steering time (e.g. 6-8 seconds) the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310.
Observation 5: RRC connection re-establishment due to the radio link failure (RLF) during the handover to a neigboring satellite should be avoided.
Proposal 3: The type 2 UE shall suspend or cancel any RLF triggered during handover to a neigboring satellite. 
Proposal 4: The type 2 UE shall suspend or cancel any RRC connection re-establishment triggered during handover to a neigboring satellite. 

UE Uplink Timing Accuracy
In WF [4] it was agreed to further analyse the accuracy assumptions of UE GNSS for NTN evolution and UL SCS = 60 kHz and 120 kHz:
	…
[bookmark: _Hlk135873855]Topic #1: NR-NTN deployment in above 10 GHz bands
Agreement:
· The scope of 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
· 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
…



In this contribution we analyze issue 2-1, UE UL Timing Accuracy Requirements for UL SCSs of 60kHz and 120kHz.
0. Baseline equation
In [2] the following dimensioning equation was proposed:
· Tg =  0.5*Tcp – (Td + Tp + Tr + Ta) > 0: 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)
The inequality of Tg is a good baseline for first order analysis, but it lacks a couple of additive terms in the total delay budget, namely:
· Tch: The radio channel delay spread [3]. In [3], we have Table 6.7.2-1b: Channel model parameters for Dense Urban Scenario (LOS) in Ka band, which states lgDS = -7.62 and lgDS = 0.78, where lgDS=log10(DS/1s) is log DS and DS is Delay Spread. This means that the  + 1* channel delay spread becomes -7.62 + 0.78 = -6.84 and DS = 10^(-6.84) = 144 ns.
· Tdr: Timing drift from DL timing estimation to UL transmission. Current RAN4 requirements in FR2-1 assume availability of an SSB in last 160 ms [4]. An allowed frequency offset at UE TX of 0.1 ppm from TS 38.101 corresponds to 16 ns.
If we add these terms the inequality Tg becomes:
Tcp – Tch – 2*(Td + Tp + Tr + Ta + Tdr) > 0
and
Te = Td + Tdr + Tp
For SSB SCS  kHz and UL SCS   kHz we get:
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Observation 6: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 4.3 to 4.5 Ts, which corresponds to a total position error of 21 to 22 m to distribute among satellite and UE. The Te value = 5.3 Ts. 
Observation 7: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 11 Ts, which corresponds to a total position error of 54 m to distribute among satellite and UE. The Te value = 12 Ts.
To summarize in a table of the same format as TS 38.133 section 7 we get:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc



Proposal 5: Te_NTN Timing Error Limit Te_NTN Timing Error Limit (same as for Type 1)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc



Conclusion
Observation 1: A type 2 UE can be a stationary type 2 UE for GSO, a stationary type 2 UE for LEO or a mobile type 2 UE for GSO.
Observation 2: The antenna steering delay of type 2 UE for changing its antenna orientation from serving satellite to a neighboring satellite can as long as 6-8 seconds.
Observation 3: If the type 2 UE only needs to monitor the link between the serving satellite and the type 2 UE then it can finish ﻿the evaluation for RLM (e.g. OOS or IS detections) on the serving satellite without its antenna steering operation.  
Observation 4: During handover to a neigboring satellite, due to prolong antenna steering time (e.g. 6-8 seconds) the type 2 UE will trigger unnecessary OOS detections which in turn will cause radio link failure (RLF) upon the expiry of T310.
Observation 5: RRC connection re-establishment due to the radio link failure (RLF) during the handover to a neigboring satellite should be avoided. 
Observation 6: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 4.3 to 4.5 Ts, which corresponds to a total position error of 21 to 22 m to distribute among satellite and UE. The Te value = 5.3 Ts. 
Observation 7: For UL SCS = 120 kHz, a UE with zero implementation margin when it comes to Te requirement has to have a total round trip error allowance of 11 Ts, which corresponds to a total position error of 54 m to distribute among satellite and UE. The Te value = 12 Ts.

Proposal 1: TS 38.133 shall capture the inter-satellite and intra-satellite cases in clauses for the type 2 UE. 
Proposal 2: Add a Tsteering in the interruption time of inter-satellite handover, which is the time delay for type 2 UE steering its antenna orientation to the target satellite.
Proposal 3: The type 2 UE shall suspend or cancel any RLF triggered during handover to a neigboring satellite. 
Proposal 4: The type 2 UE shall suspend or cancel any RRC connection re-establishment triggered during handover to a neigboring satellite. 
Proposal 5: Te_NTN Timing Error Limit Te_NTN Timing Error Limit (same as for Type 1)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	2-1
	120
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc

	
	240
	60
	12*64*Tc

	
	
	120
	5.3*64*Tc
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A GLOBAL INITIATIVE

a Proposal 2: RAN recommends RAN4 to define the following RRM requirements for example band (Ka

band) in the table below as baseline.

Electronic
steering
antenna

RRM requirements to be defined as part of Rel-18
NR-NTN-enh WID

UE uplink timing accuracy

RRC IDLE and INACTIVE mobility
(Conditional/blind) Handover

RRC Re-establishment

RRC Connection Release with Redirection

Radio Link Monitoring

Link Recovery procedure (BFD/CBD)

Active TCl switching

Measurement Procedure

(L1/L3 measurement delay and measurement gap,
scheduling restriction due to mixed numerologies)
Measurement Performance

UL spatial relation switching

Terminal
Type 1

Y

Z < < <Z2Z2<Zr<r

Mechanical

steerin
antenna

(inter-sat)

Mechanical

steering
antenna

(intra-sat)

Terminal Type 2

2 2 2 Z222<2mrr <2<

Reuse FR1
NTN
requirement,
except UL
uplink timing
accuracy

The following assumptions (applicable to Type
1 and Type 2 terminals) are used for R18 RRM
requirements

single SAN Tx beam per radio cell in
DL

For inter satellite HO, only blind HO

and no neighbor cell measurement
Blind HO assumption for type 1 UE
can be revisited if issue is identified
in RAN4

Intra-sat neighbor cell measurement

is needed

Same UE Rx beam is used for both

serving and neighboring cells which

belong to the same sat. (i.e. no Rx

beam sweeping)

Y  Yes (shall to be defined)
N No (No need to define in Rel-18)
Low priority (may be defined if time allows)




image2.emf
-40

-35

-30

-25

-20

-15

-10

-5

0

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

(dB)

Theta Angle (°)

Antenna Pattern


