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[bookmark: _Toc136809395][bookmark: _Toc136809400]4.7	Latency
As defined in Report ITU-R M.2410 [X], user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms).
[bookmark: _Toc136809396]4.7.1	User plane latency
The evaluation of NR NTN user plane latency is based on the procedure illustrated in Figure 4.7.1-1.
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Figure 4.7.1-1 User plane procedure for evaluation
The detailed assumptions of each step are provided in Table 4.7.1.1-1 and Table 4.7.1.2-1 for downlink and uplink, respectively. 
The additional assumptions to derive the evaluation results of NR NTN user plane latency are list as below.
-	It is assumed that the packet arrives at any time of any OFDM symbol. In this case, the 0.5symbol length is added as the “average symbol alignment time” at the beginning of the procedure. 
-	The transmission of PDCCH, PDSCH, PUCCH, PUSCH cannot be across the slot. Otherwise, the transmission will wait for the next slot.
-	The PDSCH/PUSCH allocation (transmission duration) of 2/4/7/14-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.
-	The resource mapping type A and B are considered, which impact the start timing of a transmission. Details on resource mapping mechanism can be found in TS 38.214 [9].
-	It is assumed that PDCCH monitoring occasion occurs at every OFDM symbol in the evaluation.
-	It is assumed that HARQ feedback is disabled, i.e., packet retransmissions are not considered.
-	It is assumed an initial error probability of 0.
-	It is assumed that satellite on-board delay can be considered negligible.
[bookmark: _Toc21288728]4.7.1.1	Downlink
The downlink procedure is abstracted in Table 4.7.1.1-1, where the assumptions of each step for evaluation are given.
Table 4.7.1.1-1 DL user plane procedure for NR NTN
	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
	RTD/2

	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 one-way user plane latency for DL
	TDL = (tBS,tx + tFA,DL) 
	+ (tDL_duration + tprop)+ tUE,rx
	

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation


Based on the DL user plane procedure and assumptions given in Table 4.7.1.1-1, a variety of configurations and UE capabilities are evaluated for NR NTN in Table 4.7.1.1-2.
Table 4.7.1.1-2 DL user plane latency for NR NTN (ms)
	DL user plane latency
	UE processing capability 1
	UE processing capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	15 kHz
	30 kHz

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

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

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

	Resource mapping Type B
	M = 2 
(2OS non-slot)
	5.78
	5.00
	5.25
	4.69

	
	M = 4
(4OS non-slot)
	5.71
	4.96
	5.18
	4.65

	
	M = 7 
(7OS non-slot)
	5.93
	5.07
	5.39
	4.76


[bookmark: _Toc21288729]It is observed that NR fulfils DL user plane latency requirement in a wide range of configurations.
4.7.1.2	Uplink
The uplink procedure using a grant free transmission is abstracted in Table 4.7.1.2-1, where the assumptions of each step for evaluation are given.
Table 4.7.1.2-1 UL user plane procedure for NR NTN
	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
	RTD/2

	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.

	
	Total UP latency for UL
	TUL = (tUE,tx + tFA,UL) 
	+ (tUL_duration + tprop) + tBS,rx
	

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation.


Based on the UL user plane procedure and assumptions given in Table 4.7.1.2-1, a variety of configurations and UE capabilities are evaluated for NR NTN in Table 4.7.1.2-2.
Table 4.7.1.2-2 UL user plane latency for NR NTN with grant free transmission (ms)
	UL user plane latency
	UE processing capability 1
	UE processing capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	15 kHz
	30 kHz

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

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

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

	Resource mapping Type B
	M = 2 
(2OS non-slot)
	5.78
	5.00
	5.25
	4.69

	
	M = 4
(4OS non-slot)
	5.71
	4.96
	5.18
	4.65

	
	M = 7 
(7OS non-slot)
	5.93
	5.07
	5.39
	4.76

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


It is observed that NR NTN fulfils UL user plane latency requirement in a wide range of configurations.
[bookmark: _Toc136809397]4.7.2	Control plane latency
As defined in Report ITU-R M.2410 [X], control plane latency refers to the transition time from a most “battery efficient” state (e.g., Idle state) to the start of continuous data transfer (e.g., Active state).
For NR NTN, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. Figure 4.7.2-1 provides an example control plane flow for NR NTN.
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Figure 4.7.2-1 C-plane procedure (example for NR NTN)
The detailed assumption of each step as shown in Figure 4.7.2-1 is provided in Table 4.7.2-1. The evaluation is for UL data transfer. It is understood that the evaluation results for DL data transfer can be further reduced because UE processing delay in Step 6 for DL data transfer does not need to handle UL grant receiving, and therefore can be reduced compared to the case of UL data transfer.
NOTE: The delay values shown below do not include the waiting time for DL/UL subframe. It is only gNB or UE processing delay. The waiting time will be calculated, and it depends on the detailed DL/UL configuration.

Table 4.7.2-1 Assumption of C-plane procedure for NR NTN
	Step
	Description
	CP latency for UL data transfer 

	1.1
	Delay due to RACH scheduling period (1TTI)
	0

	1.2
	UE Processing Delay (L1 encoding of RRC Resume Request) for MsgA
	Tproc,2/2 (assuming d2 = d2,1= d2,2=0)

	2.1.1
	Transmission of RACH preamble
	Length of the preamble according to the PRACH format as specified in TS 38.211

	2.1.2
	Transmission interval
	Length of the interval between PRACH and PUSCH transmissions as specified in TS 38.213

	2.1.3
	Transmission of PUSCH payload (RRCResumeRequest)
	Ts (the length of 1 slot / non-slot)

	2.2
	Propagation delay UE -> BS
	RTD/2

	3
	MsgA detection and processing delay in gNB (preamble, L2 and RRC)
	3 ms

	4.1
	Transmission of MsgB (RA response)
	Ts (the length of 1 slot / non-slot)

	4.2
	Propagation delay BS -> UE
	RTD/2

	5
	Processing delay in UE of RRC Resume including RA response
	7 ms

	6
	Transmission of RRC Resume Complete and data 
	0

	Notes:
1. For step 1.1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2. For step 3, the processing delay in gNB (L2 and RRC) has been reduced to 3 ms. The delays due to inside-gNB or inter-gNB communication are not included in Step 3. Such delays may exist depending on deployment, but are not within the scope of this evaluation.
3. For step 5 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume including the RA response to the reception of UL grant. The transmission of UL grant by gNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
4. For step 6, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.



In addition, the following assumptions apply to the evaluation:
-	The transmission duration of Step 2 and 4 cannot be crossing the boundary of a slot;
-	The CP procedure can start from the OFDM symbols within the slot that PRACH preamble can be transmitted (assuming that the slot is UL slot; otherwise, it will wait for the available UL slot).
-	It is assumed that satellite on-board delay can be considered negligible.
Based on the control plane procedure and assumptions given in Table 4.7.2-1, a variety of configurations and UE capabilities are evaluated for NR for UL data transfer in Table 4.7.2-2.
Table 4.7.2-2 Control plane latency for NR NTN (ms)
(a) PRACH length = 2 OFDM symbols
	Resource mapping type
	Non-slot duration
	UE capability 1
	UE capability 2

	
	
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS

	Type A
	M =4
(4OS non-slot)
	21.1
	19.6
	20.9
	19.5

	
	M =7
(7OS non-slot)
	21.5
	19.8
	21.3
	19.7

	Type B
	M=2
(2OS non-slot)
	20.5
	19.3
	20.3
	19.2

	
	M =4
(4OS non-slot)
	20.6
	19.3
	20.4
	19.2

	
	M =7
(7OS non-slot)
	21.0
	19.5
	20.8
	19.4



(a) PRACH length = 6 OFDM symbols
	Resource mapping type
	Non-slot duration
	UE capability 1
	UE capability 2

	
	
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS

	Type A
	M =4
(4OS non-slot)
	21.4
	19.7
	21.2
	19.6

	
	M =7
(7OS non-slot)
	21.8
	19.9
	21.6
	19.8

	Type B
	M=2
(2OS non-slot)
	20.8
	19.4
	20.6
	19.3

	
	M =4
(4OS non-slot)
	20.9
	19.5
	20.7
	19.3

	
	M =7
(7OS non-slot)
	21.3
	19.7
	21.1
	19.6



(a) PRACH length = 1 ms
	Resource mapping type
	Non-slot duration
	UE capability 1
	UE capability 2

	
	
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS

	Type A
	M =4
(4OS non-slot)
	21.9
	20.5
	21.8
	20.4

	
	M =7
(7OS non-slot)
	22.4
	20.7
	22.2
	20.6

	
	M = 14
(14OS slot)
	23.4
	21.2
	23.2
	21.1

	Type B
	M=2
(2OS non-slot)
	21.4
	20.2
	21.2
	20.1

	
	M =4
(4OS non-slot)
	21.4
	20.2
	21.2
	20.1

	
	M =7
(7OS non-slot)
	21.9
	20.5
	21.7
	20.3


It is observed that NR NTN fulfils the control plane latency requirement of 40 ms in a wide range of configurations.
4.10	Mobility interruption time
As defined in Report ITU-R M.2410 [X], mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during mobility transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the user terminal and base station, as applicable to the candidate RIT/SRIT.
For NR NTN, the mobility interruption time is evaluated without cell and satellite change for the beam mobility scenario.
When moving within the same cell, the transmitting/receiving beam pair of the UE may need to be changed. 
For DL data transmission during UE mobility, gNB can configure different beams for this UE at different slots. It ensures appropriate transmit beam allocation to the UE for continuous DL transmission. Therefore, DL data packet transmission is kept during beam pair switching at different slots.
For UL data transmission, PUSCH is sent using the beam configured by SRI (SRS resource indicator) by gNB. Accordingly, an appropriate gNB-side beam is selected for UL data reception. gNB may select different beams at different slots depending on the UE mobility. Therefore, UL data packet transmission is kept during beam pair switching at different slots.
Based on the above analysis, the UE can keep exchanging user plane packets with gNB during the mobility transitions without cell and satellite change. Therefore, 0ms mobility interruption time is achieved by NR NTN for this scenario.
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