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Introduction
ITU-R has defined requirements for the satellite component of IMT-2020 [1]. The set of requirements and the corresponding evaluation guidelines are based on the terrestrial procedure, to which 3GPP has submitted TR 37.910 [2]. Similar to the terrestrial case, the requirements include a UP latency target, which has been set to 10 ms [1] to take into account the propagation delay inherent to satellite communications.
In this paper, we make an evaluation of the UP latency in NR NTN with different configurations and show that the targets can be reached. 
[bookmark: _Ref178064866]Discussion
In the following, UP latency is analyzed following the ITU definition of UP latency as being defined from L2/L3 ingress to L2/L3 egress [1]. The individual components of the UP latency are illustrated in Figure 1.
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Figure 1: Illustration of latency components for the UP latency.


Basic Assumptions
The most significant difference with respect to the terrestrial evaluation documented in TR 37.910 [2] is the addition of the satellite’s long propagation delay. As discussed during RAN2#122, the scenario assumption is the optimal case supported in Rel-17 NR NTN which the shortest round-trip time (RTT): a transparent LEO satellite at 600 km altitude with both UE and gateway at 90 degrees elevation angle and resulting in a one-way delay (BS-UE) of 4 ms. We evaluate SCS of 15, 30, and 60 kHz; a SCS of 120 kHz is not supported for NTN. In addition, the following assumptions apply to the evaluation:
· The transmission of PDCCH, PDSCH, PUCCH, PUSCH cannot be across a slot. Otherwise the transmission will wait for the next slot.
· The PDSCH/PUSCH allocation (transmission duration) of 4/7/14-os non-slot or slot are evaluated. If the evaluation is for 14 OFDM Symbol length slot, then slot-based scheduling is used. Otherwise, non-slot-based scheduling is used.
· Because the latency will be dominated by the propagation delay, we focus on the (slightly slower) resource mapping type A, different from the terrestrial evaluation in TR 37.910.
· It is assumed that PDCCH monitoring occasion occurs at every OFDM symbol in the evaluation.
More detailed assumptions for DL and UL latencies are collected in Tables 1 and 3, respectively.

Downlink latency
The downlink procedure is abstracted in Table 1, where the assumptions for each step of the evaluation are given. In RAN2#122, it was agreed to assume HARQ feedback disabled, so we do not consider any retransmissions. 
Table 1: DL UP latency procedure and assumptions
	ID
	Component
	Notations
	Value

	1
	BS processing delay
	tBS,tx
The time interval between data arrival and packet generation.
	Tproc,2/2, with d2,1 = d2,2 = 0. 
Tproc,2 is defined in Section 6.4 of TS 38.214.

	2
	DL frame alignment (transmission alignment)
	tFA,DL
The time interval between packet generation and the next Tx opportunity.
	TFA
Length of one slot, since TFA is bounded by the slot duration.

	3
	TTI for DL data packet transmission
	tDL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	4
	One-way propagation time BS -> satellite -> UE
	tprop
	4 ms

	5
	UE processing delay
	tUE,rx 
The time interval between PDSCH reception and decoding of the data.
	Tproc,1/2, with d1,1 = 0. 
Tproc,1 is defined in Section 5.3 of TS 38.214.

	
	Total UP latency for DL
	TDL = (tBS,tx + tFA,DL) 
	+ (tDL_duration + tprop)+ tUE,rx
	





The resulting DL UP latency is shown in Table 2. The ITU requirement of 10 ms can be fulfilled with all evaluated configurations.
Table 2: DL UP latency results [ms]
	DL user plane latency 
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz 
	60 kHz 

	Resource mapping Type A
	M=4 (4OS non-slot)
	6.21
	5.21
	4.83
	5.67
	4.90
	4.58

	
	M=7 (7OS non-slot)
	6.43
	5.32
	4.88
	5.89
	5.01
	4.63

	
	M=14 (14OS slot)
	6.93
	5.57
	5.01
	6.39
	5.26
	4.76



NR NTN can fulfill the ITU requirement of 10 ms for UP latency in the DL direction with all evaluated configurations.
Uplink latency
The uplink procedure using a grant free transmission is abstracted in Table 3, where the assumptions for each step of the evaluation are given. In contrast to the DL case, here we consider the effect of HARQ retransmissions and provide the average UP latency assuming an initial transmission error probability of p=0.1 in addition to the error-free values.
Table 3: UL UP latency procedure and assumptions
	ID
	Component
	Notations
	Value

	1.1
	UE processing delay
	tUE,tx
The time interval between data arrival and packet generation.
	Tproc,2/2, with d2,1 = d2,2 = 0. 
Tproc,2 is defined in Section 6.4 of TS 38.214.

	1.2
	UL frame alignment (transmission alignment)
	tFA,UL
The time interval between packet generation and the next Tx opportunity.
	TFA
Length of one slot, since TFA is bounded by the slot duration.

	1.3
	TTI for UL data packet transmission
	tUL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	One-way propagation time UE -> satellite -> BS
	tprop
	4 ms

	1.5
	BS processing delay
	tBS,rx 
The time interval between PUSCH reception and decoding of the data.
	Tproc,1/2, with d1,1 = 0. 
Tproc,1 is defined in Section 5.3 of TS 38.214.

	
	UL data transfer
	T1 
The sum of steps 1.1 to 1.5.
	T1 = (tUE,tx + tFA,UL) 
	+ (tUL_duration + tprop) + tBS,rx

	2.1
	BS processing delay
	tBS,tx 
The time interval between decoding of the data and PDCCH generation.
	Tproc,1/2, with d1,1 = 0. 
Tproc,1 is defined in Section 5.3 of TS 38.214.

	2.2
	DL frame alignment (transmission alignment)
	tFA,DL
The time interval between PDCCH generation and the next Tx opportunity.
	TFA
Length of one slot, since TFA is bounded by the slot duration.

	2.3
	TTI for PDCCH transmission
	tDL_duration
	1 OFDM symbol

	2.4
	One-way propagation time BS -> satellite -> UE
	tprop
	4 ms

	2.5
	UE processing delay
	tUE,rx 
The time interval between reception and decoding of the PDCCH.
	Tproc,2/2, with d2,1 = d2,2 = 0. 
Tproc,2 is defined in Section 6.4 of TS 38.214.

	2.6
	Repeat UL data transfer (steps 1.1 to 1.5)
	
	T1

	
	HARQ retransmission
	THARQ 
The sum of steps 2.1 to 2.6.
	THARQ = T1 + T2
T2 = (tBS,tx + tFA,DL) 
	+ (tDL_duration + tprop) + tUE,rx 

	
	Total UP latency for UL
	TUL = T1 + n × THARQ
where n is the number of 
re-transmissions (n ≥ 0).
	



The resulting UL UP latency is shown in Table 4, for an initial transmission error probability of p=0.0 without retransmission, as well as for p=0.1 and up to three retransmissions. The ITU requirement of 10 ms can be fulfilled with all evaluated configurations.


Table 4: UL UP latency results [ms]
	UL user plane latency 
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz 
	60 kHz 

	Resource mapping Type A
	M=4 (4OS non-slot)
	p = 0.0
	6.21
	5.21
	4.83
	5.67
	4.90
	4.58

	
	
	p = 0.1
	7.58
	6.36
	5.90
	6.92
	5.98
	5.59

	
	M=7 (7OS non-slot)
	p = 0.0
	6.43
	5.32
	4.88
	5.89
	5.01
	4.63

	
	
	p = 0.1
	7.81
	6.48
	5.96
	7.16
	6.10
	5.65

	
	M=14 (14OS slot)
	p = 0.0
	6.93
	5.57
	5.01
	6.39
	5.26
	4.76

	
	
	p = 0.1
	8.37
	6.76
	6.10
	7.72
	6.38
	5.79



NR NTN can fulfill the ITU requirement of 10 ms for UP latency in the UL direction with all evaluated configurations.


Conclusion
In section 2 we made the following observations:
1. NR NTN can fulfill the ITU requirement of 10 ms for UP latency in the DL direction with all evaluated configurations.
1. NR NTN can fulfill the ITU requirement of 10 ms for UP latency in the UL direction with all evaluated configurations.
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