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1	Introduction
[bookmark: _Hlk510705081]ITU-R report M.2410 [1] defines the control plane latency requirements as follows.  
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We follow the evaluation guidelines provided in [2] and discuss the control plane latency of the NR TDD and FDD systems to see that IMT-2020 requirements can be satisfied with NR.
2	Calculations of NR control plane latency
In NR, the transition time required to change from RRC INACTIVE mode to RRC CONNECTED mode can be considered as the control plane latency. Compared to previous releases, NR Release 15 has certain improvements in RACH procedure, support higher sub-carrier spacing and fast turn-around with different slot structures, lower latencies in the coding schemes, and many other.  Figure 1 shows transition of INACTIVE to CONNECTED mode together with the latency contributions from the steps associated with the transition procedure. 
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Figure 1: C-plane activation procedure
[bookmark: _Toc478248199]2.1	C-plane latency for TDD scenario
Table 2 provides C-plane timing analysis, assuming two TDD slot sequences, of the flow depicted in Figure 1. 
· Case 1: 50/50 traffic scenario in DL and UL. (DL-UL)
· Case 2: 80/20 traffic scenario, DL heavy. (DL-DL-DL-DL-UL)
We also consider two cases of TTI durations, 7 and 14 symbol, in the latency analysis in Table 1. Here, the L2 + RRC processing delays are assumed to be a fixed value of 3 ms. All other processing delays are considered to be 1 ms. Also, the delay for nearest DL or UL slot is obtained by assuming the reference SCS of 15 kHz. 
Table 1: C-plane latency analysis for TDD 
	Component
	Description
	Case 1
	Case 2

	
	
	TTI = 7 
	TTI = 14 
	TTI = 7 
	TTI = 14 

	1
	Average delay due to RACH scheduling period
	1.5 TTI
	1.5 TTI
	3 TTI
	3 TTI

	2
	RACH Preamble
	1 TTI
	1 TTI
	1 TTI
	1 TTI

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment) + delay for nearest DL subframe
	1 ms
	1 ms + 1 TTI
	1 ms
	1 ms 

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request) + delay for nearest UL subframe
	 1 ms
	 1 ms + 1 TTI
	1 ms + 4 TTI
	1 ms + 1 TTI

	6
	Transmission of RRC Connection Request
	1 TTI
	1 TTI
	1 TTI
	1 TTI

	7
	Processing delay in eNB (L2 and RRC) + delay for nearest DL subframe
	3 ms 
	3 ms + 1 TTI
	3 ms 
	3 ms 

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1 TTI
	1 TTI
	1 TTI
	1 TTI

	9
	Processing delay in the UE (L2 and RRC) + delay for nearest UL subframe
	3 ms 
	3 ms + 1 TTI 
	3 ms + 1 TTI
	3 ms + 2 TTI

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1 TTI
	1 TTI
	1 TTI
	1 TTI

	
	Total delay [ms]
	5.5 TTI + 8
	9.5 TTI + 8
	12 TTI + 8
	10 TTI + 8



Latencies are next calculated considering SCS equal to 15 kHz, 30 kHz, 60 kHz, and 120 kHz.
Table 2: C-plane latency calculation for TDD 
	SCS
	Case 1
	Case 2

	
	TTI = 7
	TTI = 14 
	TTI = 7 
	TTI = 14 

	15 kHz
	10.75 
	17.5
	14
	18

	30 kHz
	9.375
	12.75
	11
	13

	60 kHz
	8.6875
	10.375
	9.5
	10.5

	120 kHz
	8. 34375
	9.1875
	8.75
	9.25



Observation 1: NR TDD scenario is capable of meeting the IMT-2020 CP latency requirements. 

2.2	C-plane latency for FDD scenario
Here, we provide the latency analysis for NR FDD scenario with the same processing time assumptions used in the NR TDD scenario. 
Table 3: C-plane latency analysis for FDD 
	Component
	Description
	Delay

	1
	Average delay due to RACH scheduling period
	1 TTI

	2
	RACH Preamble
	1 TTI

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	1 ms

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	1 ms

	6
	Transmission of RRC Connection Request
	1 TTI

	7
	Processing delay in eNB (L2 and RRC)
	3 ms

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1 TTI

	9
	Processing delay in the UE (L2 and RRC)
	3 ms

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1 TTI

	
	Total delay [ms]
	5 TTI + 8 



Latencies are next calculated considering slot durations of SCS equal to 15 kHz, 30 kHz, 60 kHz, and 120 kHz.
Table 4: C-plane latency calculation for FDD 
	SCS
	Latency [ms], Case 1

	
	TTI = 7
	TTI = 14 

	15 kHz
	10.5 
	13

	30 kHz
	9.25
	10.5

	60 kHz
	8.625
	9.25

	120 kHz
	8. 3125
	8.625



Observation 2: NR FDD scenario is capable of meeting the IMT-2020 CP latency requirements. 
3	Conclusions
In this contribution, we provide control plane latency calculations for NR release 15, where we have following observations. 

Observation 1: NR TDD scenario is capable of meeting the IMT-2020 CP latency requirements. 

Observation 2: NR FDD scenario is capable of meeting the IMT-2020 CP latency requirements. 
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