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1	Introduction
[bookmark: _Hlk510705081]ITU-R Report M.2410 [1] defines the control plane latency requirements as follows. 
[image: ]
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 the transition from 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 of the flow depicted in Figure 1. The assumptions are given in the notes of the table. 
Table 1: C-plane latency analysis for TDD
	Component
	Description
	CP Latency for UL data transfer 

	1
	Delay due to RACH scheduling period
	0

	2
	Transmission of RACH Preamble (format B3)
	6 symbols

	3 
	Preamble detection and processing in gNB (the value is function of SCS)
	f(SCS) 

	4
	Transmission of RA response 
	1 TTI

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) 
(the value is function of SCS)
	 g(SCS)

	6
	Transmission of RRC Connection Resume Request
	1 TTI

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

	8
	Transmission of RRC Connection Resume
	1 TTI

	9
	Processing delay in the UE of RRC Connection Resume including grant reception
	3 ms 

	10
	Transmission of RRC Connection Resume complete and UP data
	0

	
	Total delay [ms]
	

	Notes
1. Step 2, the preamble format B3 is selected for the analysis as it is mainly fitting the normal coverage scenarios. More details on preamble formats are given in Annex 1.  
2. Step 3, the duration for preamble detection and processing in gNB depends on the SCS. The values are,
 
3. Step 5, UE processing delay depends on the SCS, and given by the formula NT,1+NT,2+0.5 ms. Details are given in Annex II. 

4. UL/DL slot alignment is not captured in the table as it depends on the SCS and TTI duration.  






Latencies are next calculated for two cases of TDD configurations by also considering SCS equal to 15 kHz, 30 kHz, 60 kHz, and 120 kHz.

· 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 symbols, in the latency analysis in Table 2. 
We consider that any UL slots can be used for PRACH preamble transmission and start from there. When the UE or gNB processing is completed in the middle of a TTI duration, we round-up the UL/DL transmissions to next UL/DL slot if the number of symbols is not sufficient to schedule a transmission.  
Table 2: C-plane latency calculation for TDD 
	SCS
	Case 1 (DL-UL)
	Case 2 (DL-DL-DL-DL-UL)

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

	15 kHz
	24 TTI = 12 ms 
	15 TTI = 15 ms
	29 TTI = 14.5 ms
	18 TTI = 18 ms

	30 kHz
	42 TTI = 10.5 ms 
	24 TTI = 12 ms
	41 TTI = 10.25 ms
	23 TTI = 11.5 ms

	60 kHz
	72 TTI = 9 ms
	38 TTI = 9.5 ms
	76 TTI = 9.5 ms
	41 TTI = 10.25 ms

	120 kHz
	130 TTI = 8.125 ms 
	68 TTI = 8.5 ms
	133 TTI = 8.3125 ms
	71 TTI = 8.875 ms



Observation 1: NR TDD scenario can meet the IMT-2020 C-plane 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
	CP Latency for UL data transfer 

	1
	Delay due to RACH scheduling period
	0

	2
	Transmission of RACH Preamble (format B3)
	6 symbols

	3 
	Preamble detection and processing in gNB (the value is function of SCS)
	f(SCS) 

	4
	Transmission of RA response 
	1 TTI

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) 
(the value is function of SCS)
	 g(SCS)

	6
	Transmission of RRC Connection Resume Request
	1 TTI

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

	8
	Transmission of RRC Connection Resume
	1 TTI

	9
	Processing delay in the UE of RRC Connection Resume including grant reception
	3 ms 

	10
	Transmission of RRC Connection Resume complete and UP data
	0

	
	Total delay [ms]
	


Latencies are next calculated considering slot durations of SCS equal to 15 kHz, 30 kHz, 60 kHz, and 120 kHz. There is no timing alignment for UL/DL slots, and we calculate the latencies as in Table 4. 
Table 4: C-plane latency calculation for FDD 
	SCS
	Latency [ms]

	
	TTI = 7
	TTI = 14 

	15 kHz
	12.0686
	13.5686

	30 kHz
	10.1043
	10.8543

	60 kHz
	8.7721
	9.1471

	120 kHz
	8.0211
	8.2086



Observation 2: NR FDD scenario can meet 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 can meet the IMT-2020 CP latency requirements. 

Observation 2: NR FDD scenario can meet the IMT-2020 CP latency requirements. 
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Annex I: 
Time durations for different preamble formats are given as follows. 


Table 5: Time duration for PRACH preamble formats for  and .
	Format
	

	

	

	

	
	Use Case
	Time Duration

	0
	839
	1.25 kHz
	

	

	
	LTE refarming 
	1 ms

	1
	839
	1.25 kHz
	

	

	
	Large cell, 100 km
	3 ms

	2
	839
	1.25 kHz
	

	

	
	Coverage enhancement
	3.5 ms

	3
	839
	5 kHz
	

	

	
	High speed case
	1 ms






Table 6: Time duration for Preamble formats for  and  where .
	Format
	

	

	

	

	
	Use Case
	Time duration

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	0
	Small cell
	2 symbols

	A2
	139
	

	

	

	0
	Normal cell
	4 symbols

	A3
	139
	

	

	

	0
	Normal cell
	6 symbols

	B1
	139
	

	

	

	
	Small cell
	2 symbols

	B2
	139
	

	

	

	
	Normal cell
	4 symbols

	B3
	139
	

	

	

	
	Normal cell
	6 symbols

	B4
	139
	

	

	

	
	Normal cell
	12 symbols

	C0
	139
	

	

	

	
	Normal cell
	2 symbols

	C2
	139
	

	

	

	
	Normal cell
	6 symbols



Annex II: 
The parameters to determine the UE processing delay is given by the Tables 7 and 8. 
Table 7: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]
	Time duration NT,1 
for “Additional PDSCH DM-RS configured”
(NOTE: the length of one OFDM symbol is assumed to be the average value over one slot, i.e., LOS=slot length / 14) 

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured
	

	0
	8
	13
	0.93ms

	1
	10
	13
	0.46ms

	2
	17
	20
	0.38ms

	3
	20
	24
	0.21ms



Table 8: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]
	Time duration NT,2
(NOTE: the length of one OFDM symbol is assumed to be the average value over one slot, i.e., LOS=slot length / 14)

	0
	10
	0.71ms

	1
	12
	0.43ms

	2
	23
	0.41ms

	3
	36
	0.32ms




oleObject50.bin

image1.emf

image2.wmf
839

RA

=

L


oleObject1.bin

image3.wmf
{

}

kHz

 

5

,

25

.

1

RA

Î

D

f


oleObject2.bin

image4.wmf
RA

L


oleObject3.bin

image5.wmf
RA

f

D


oleObject4.bin

image6.wmf
u

N


oleObject5.bin

image7.wmf
RA

CP

N


oleObject6.bin

image8.wmf
k

24576


oleObject7.bin

image9.wmf
k

3168


oleObject8.bin

image10.wmf
k

24576

2

×


oleObject9.bin

image11.wmf
k

21024


oleObject10.bin

image12.wmf
k

24576

4

×


oleObject11.bin

image13.wmf
k

4688


oleObject12.bin

image14.wmf
k

6144

4

×


oleObject13.bin

oleObject14.bin

image15.wmf
139

RA

=

L


oleObject15.bin

image16.wmf
kHz

 

2

15

RA

m

×

=

D

f


oleObject16.bin

image17.wmf
{

}

3

,

2

,

1

,

0

Î

m


oleObject17.bin

oleObject18.bin

oleObject19.bin

image18.wmf
u

N


oleObject20.bin

oleObject21.bin

image19.wmf
kHz

 

2

15

m

×


oleObject22.bin

image20.wmf
m

k

-

×

×

2

2048

2


oleObject23.bin

image21.wmf
m

k

-

×

2

288


oleObject24.bin

oleObject25.bin

image22.wmf
m

k

-

×

×

2

2048

4


oleObject26.bin

image23.wmf
m

k

-

×

2

576


oleObject27.bin

oleObject28.bin

image24.wmf
m

k

-

×

×

2

2048

6


oleObject29.bin

image25.wmf
m

k

-

×

2

864


oleObject30.bin

oleObject31.bin

image26.wmf
m

k

-

×

×

2

2048

2


oleObject32.bin

image27.wmf
m

k

-

×

2

216


oleObject33.bin

oleObject34.bin

image28.wmf
m

k

-

×

×

2

2048

4


oleObject35.bin

image29.wmf
m

k

-

×

2

360


oleObject36.bin

oleObject37.bin

image30.wmf
m

k

-

×

×

2

2048

6


oleObject38.bin

image31.wmf
m

k

-

×

2

504


oleObject39.bin

oleObject40.bin

image32.wmf
m

k

-

×

×

2

2048

12


oleObject41.bin

image33.wmf
m

k

-

×

2

936


oleObject42.bin

oleObject43.bin

image34.wmf
m

k

-

×

2

2048


oleObject44.bin

image35.wmf
m

k

-

×

2

1240


oleObject45.bin

oleObject46.bin

oleObject47.bin

image36.wmf
m

k

-

×

2

2048


oleObject48.bin

image37.wmf
m


oleObject49.bin

image38.wmf
m


