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Introduction
The ITU-R target for control plane (CP) latency in IMT2020 for NR has been set to 20ms. The CP latency is defined as the duration of the UE transits from a most “battery efficient” state to the start of continuous data transfer state.
Different with LTE, in NR the inactive state is supported which is a most “battery efficient” state as well as idle mode, due to the UE in inactive mode, the UE and the gNB keeps the context of the CN, so less latency is needed to transits to connected mode compared with from idle mode to connected mode as the signaling with CN is reduced. In this contribution, the procedure of UE transits from inactive mode to connected mode will be taken as consideration to evaluate the CP latency in TDD and FDD.
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Fig 1 Procedure of transition from inactive to connected mode
Processing delay and waiting time
Processing delay
Table 2‑1  The processing delay of CP latency calculating
	Step
	Description
	CP Latency for UL data transfer 


	1
	Delay due to RACH scheduling period 
	0

	2
	Transmission of RACH Preamble
	Length of preamble

	3
	Preamble detection and processing in gNB
	
	Tproc,2

	4
	Transmission of RA response
	Ts (the length of 1 slot / non-slot)


	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	 NT,1+NT,2+0.5 ms

	6
	Transmission of RRC Connection Resume Request
	Ts (the length of 1 slot / non-slot)

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

	8
	Transmission of RRC Connection Resume
	Ts (the length of 1 slot / non-slot)

	9
	Processing delay in UE of RRC Connection Resume including grant reception
	5ms


	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	

	Notes:
1. For step 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 2,the length of preamble depends on the preamble format. Preamble format can be selected according to considerations of cell coverage. Among all the preamble formats which can satisfy the requirement of coverage, the shorter duration of preamble should be selected which can provide more PRACH occasions to avoid collisions. So for eMBB, we can evaluate both long and short preamble and for URLLC, short preamble only. Long preamble: Format 0 (start from symbol 0); Short preamble: For simplicity, consider PRACH duration (2, 4, 6, 12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration). This simplified method is more like to average the effect of different formats with the same PRACH duration.
3. For step3, assume the processing delay of Preamble detection and preparing for Msg2 equals to PUSCH preparation time Tproc,2（assuming d2,1=0） ,which is specified in 38.214.
4. For step 5, the latency of NT,1+NT,2+0.5ms is used according to Section 8.3 of TS 38.213. NT,1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured; and NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1. The value of N1 and N2 are shown in Table 5.3-1 and Table 6.4-1 of TS38.214, respectively.
5. For step 7, the processing delay in gNB (L2 and RRC) has been reduced to 3 ms.
6. For step 9, representing  processing delay in UE of RRC Connection Resume including grant reception
7. For step 10, 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.


Proposal 1:  Processing delay of step 9, 5ms is proposed.
Proposal 2: Tproc,2（assuming d2,1=0）is assumed for step 3 at gNB.
Proposal 3: Both long and short preamble should be considered in the evaluation where long preamble: Format 0 (start from symbol 0); short preamble: Ffr simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration).
Waiting time
After step 3,5,7,9, the end time could be in the middle of a specific slot. Step4 and step8 only can be transmitted at DL slot, step6 only can be transmitted at UL slot, so the waiting time must be considered which is associated with slot structure and data mapping type and preamble format. Waiting time is time during between the end of Cx in current slot and the first available symbol at next available slot/non-slot (symbol #0 for normal slot, symbol #X for special slot).
Evaluation results
We provide evaluation results of long preamble (Format 0) and short preamble format. The duration of preamble format0 is 1ms, so the results of 15kHz SCS of PUSCH /PDSCH are provided.  Short preamble can be applied to both FR1 and FR2, so the SCS of PUSCH/PDSCH should be 15/30/60/120 kHz. The duration of short preamble format is 2/4/6/12 symbols and there are multiple occasions, for every occasion, the start symbol is different which will consult in different results ,so we take the average value of the results of multiple occasions .the data mapping type(TypeA or TypeB) also influence the evaluation results. 
Based on the above assumption, in this contribution, we give the following analysis for NR FDD and TDD. According to our contribution [5], “For DL user plane latency evaluation, 2/4/7-os mini-slot for PDSCH mapping type B and 3/4/7/14-os mini-slot/slot for type A can be evaluated. For UL user plane latency evaluation, 2/4/7/14-os mini-slot/slot for PUSCH mapping type B and 4/7/14-os mini-slot/slot for type A can be evaluated” , so in this contribution ,we evaluate the 4/7-os mini-slot.
FDD evaluation results
Table 3‑1     Total delay with FDD configuration of short preamble format (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	
	
	Preamble length
	Preamble length

	
	
	2
	4
	6
	12
	2
	4
	6
	12

	4-OS
	15
	12.43
	12.67
	12.57
	13.29
	11.06
	11.21
	11.25
	11.64

	
	30
	10.79
	10.83
	11.04
	11.14
	9.89
	9.98
	10.04
	10.29

	
	60
	9.85
	9.92
	9.89
	10.07
	9.59
	9.62
	9.64
	9.75

	
	120
	9.41
	9.42
	9.45
	9.54
	9.28
	9.30
	9.31
	9.36

	7-OS
	15
	12.64
	12.88
	12.79
	13.50
	11.93
	12.05
	12.29
	13.00

	
	30
	10.89
	10.94
	11.14
	11.25
	10.32
	10.36
	10.52
	10.75

	
	60
	10.13
	10.14
	10.20
	10.38
	9.82
	9.85
	9.88
	10.00

	
	120
	9.56
	9.57
	9.60
	9.69
	9.40
	9.40
	9.41
	9.44



Table 3‑2  Total delay with FDD configuration of preamble format 0 (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	4-OS
	15
	13.29
	11.79

	7-OS
	15
	13.50
	13.00


According to the table shows, in CP latency for NR can reach the ITU requirement in FDD.
Observation 1: The control plane latency for NR can reach the ITU requirement in FDD.
TDD evaluation results
For TDD, two TDD configurations are considered: DDSUU and DU. For the “S” slot in DDSUU configuration with 11 DL symbols and 1 GP symbol and 2 UL symbols are assumed.
Table 3‑3     Total delay with TDD configuration1 of short preamble format (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	
	
	Preamble length
	Preamble length

	
	
	2
	4
	6
	12
	2
	4
	6
	12

	4-OS
	15
	13.90
	14.00
	14.07
	14.29
	13.18
	13.29
	13.36
	13.57

	
	30
	10.95
	11.00
	11.04
	11.14
	10.95
	11.00
	11.04
	11.14

	
	60
	10.26
	10.42
	10.27
	10.82
	9.60
	9.62
	9.64
	9.75

	
	120
	9.61
	9.63
	9.63
	9.66
	9.53
	9.61
	9.78
	9.66

	7-OS
	15
	14.11
	14.21
	14.29
	14.50
	13.61
	13.71
	13.79
	14.00

	
	30
	11.05
	11.11
	11.14
	11.25
	11.05
	11.11
	11.14
	11.25

	
	60
	10.78
	10.80
	10.82
	10.88
	10.01
	10.10
	10.26
	10.75

	
	120
	9.89
	9.86
	9.97
	10.31
	9.64
	9.65
	9.66
	9.69



Table 3‑4  Total delay with TDD configuration1 of preamble format 0 (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	4-OS
	15
	14.29
	13.57

	7-OS
	15
	14.5
	14



Table 3‑5     Total delay with TDD configuration2 of short preamble format (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	
	
	Preamble length
	Preamble length

	
	
	2
	4
	6
	12
	2
	4
	6
	12

	4-OS
	15
	15.00
	15.33
	15.07
	16.29
	12.02
	12.19
	12.21
	12.57

	
	30
	11.14
	11.17
	11.54
	11.64
	10.57
	10.50
	10.54
	10.64

	
	60
	10.21
	10.25
	10.27
	10.32
	10.21
	10.25
	10.27
	10.32

	
	120
	9.46
	9.46
	9.51
	9.66
	9.36
	9.38
	9.38
	9.41

	7-OS
	15
	15.21
	15.55
	15.29
	16.50
	13.14
	13.38
	13.79
	15.00

	
	30
	11.25
	11.27
	11.64
	11.75
	10.96
	10.94
	11.14
	11.75

	
	60
	10.27
	10.30
	10.32
	10.38
	10.27
	10.30
	10.32
	10.38

	
	120
	9.74
	9.73
	9.78
	9.94
	9.42
	9.40
	9.41
	9.44



Table 3‑6  Total delay with TDD configuration2 of preamble format 0 (ms)
	non-slot
	SCS (kHz)
	TypeA
	TypeB

	4-OS
	15
	16.28
	12.57

	7-OS
	15
	16.50
	15.00


According to the above table shows, in this DDSUU and DU configuration, the CP latency can satisfy the ITU requirement in NR TDD.
Observation 2: The control plane latency for NR can reach the ITU target in TDD.
Conclusion
In this contribution, analysis on evaluation method of CP latency is provided. There are following proposals:
Proposal 1:  Processing delay of step 9, 5ms is proposed.
Proposal 2: Tproc,2（assuming d2,1=0）is assumed for step 3 at gNB.
Proposal 3: Both long and short preamble should be considered in the evaluation where long preamble: Format 0 (start from symbol 0); short preamble: Ffr simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration).
In this contribution, we evaluate the control plane latency, we have following observations:
Observation 1: The control plane latency for NR can reach the ITU target in FDD.
Observation 2: The control plane latency for NR can reach the ITU target in TDD.
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