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Introduction
The ITU target for control plane (CP) latency in IMT 2020 has been set to 20ms [1], and the corresponding 3GPP target has been set to 10ms [2]. In this paper we make an evaluation of the CP latency in NR for different configurations, and show that both targets can be reached with FDD and TDD. We consider this as useful exercise already before NR WI is completed to check if latency is according to the requirements or if some enhancements are needed.
CP latency
Definition
ITU has defined the CP latency and the requirement on it to be [1]:

“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).
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.
The minimum requirement for control plane latency is 20 ms. Proponents are encouraged to consider lower control plane latency, e.g. 10 ms.”

Similarly, 3GPP has defined the CP latency and the requirement on it to be [2]:

“Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
The target for control plane latency should be 10ms.”

A most battery efficient state should here be interpreted as Idle or Inactive state, which both have same energy consumption.
The start of continuous data transfer should here be interpreted as the point in time where the UE is ready to be scheduled, i.e. when it enters the Active state.
Control plane signalling
According to the definition of CP latency we here study the transition from the RRC Inactive state to the RRC Active state, as shown in Figure 1.
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[bookmark: _Ref492998609]Figure 1: Illustration of CP signalling during transition from Inactive to Active state.

Achievable latency in FDD
For the evaluation of latency, it has here been assumed that the UE works with n+2 timing and the eNB works with n+3 timing as the fastest option, i.e. that the processing budget is 1 and 2TTI, respectively. This is for 15 and 30kHz SCS. For 120kHz the processing delay is doubled in TTIs, giving n+3 timing for the UE and n+5 timing for gNB.
With the assumptions described above the resulting CP latency will be as outlined in Table 1. As can be seen the total worst-case delay sums up in the range 14TTI for FDD.

[bookmark: _Ref493253371]Table 1. CP latency in TTIs in NR Rel-15 FDD.
	Component
	Description
	Latency
[TTI]

	
	
	15/30kHz
	120kHz

	1
	Worst-case delay due to RACH scheduling period (1TTI period)
	1
	1

	2
	Transmission of RACH Preamble
	1
	1

	3
	Preamble detection and processing in gNB
	2
	4

	4
	Transmission of RA response
	1
	1

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

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in gNB (L2 and RRC)
	2
	4

	8
	Transmission of RRC Connection Resume (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	1
	2

	10
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1
	1

	11
	Processing delay in gNB (Uu –> S1-C)
	2
	4

	 
	Total delay [TTI]
	14
	22




The worst-case CP latency in NR Rel-15 FDD is 14TTI for 2TTI processing in gNB and 1TTI processing in UE.
Achievable FDD latency in ms
With different TTI lengths, and SCS the absolute delay will differ, as shown in Table 2. Here we have assumed the upper end of the range calculated above, i.e. 14TTIs for n+3 timing in gNB.
[bookmark: _Ref493254681]Table 2. Achievable CP latency for NR Rel-15 in ms.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	120kHz SCS

	14-symbol TTI
	14
	7.0
	2.8

	7-symbol TTI
	7.0
	3.5
	1.4

	4-symbol TTI
	4.0
	2.0
	0.79



As can be seen in the table, all considered configurations fulfil the 20ms target on CP latency, and almost all configurations also reach the 10ms target.
NR Rel-15 FDD can reach the ITU and 3GPP 5G targets on CP latency.
Achievable latency in TDD
As in the FDD case the processing budget is here assumed to be 1TTI in the UE and 2TTI in the gNB for 15/30kHz SCS, and twice the amount in TTI for 120kHz SCS.
For TDD slot sequence, we here study two cases: an alternating UL-DL sequence, and a DL-heavy UL-DL-DL-DL sequence. Due to the slot sequence additional alignment delays are added.
With the assumptions described above the resulting CP latency will be as outlined in Table 1. As can be seen the total worst-case delay sums up in the range 14TTI for FDD.

Table 3. CP latency in TTIs in NR Rel-15 TDD.
	Component
	Description
	
UL-DL Latency
[TTI]
	
UL-DL-DL-DL Latency
[TTI]

	
	
	15/30kHz
	120kHz
	15/30kHz
	120kHz

	1
	Worst-case delay due to RACH scheduling period (1TTI period)
	2
	2
	4
	4

	2
	Transmission of RACH Preamble
	1
	1
	1
	1

	3
	Preamble detection and processing in gNB
	2
	4
	2
	4

	4
	DL slot alignment
	0
	0
	0
	0

	5
	Transmission of RA response
	1
	1
	1
	1

	6
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	1
	2
	1
	2

	7
	UL slot alignment
	1
	1
	4
	4

	8
	Transmission of RRC Connection Resume Request
	1
	1
	1
	1

	9
	Processing delay in gNB (L2 and RRC)
	2
	4
	2
	4

	10
	DL slot alignment
	0
	0
	0
	0

	11
	Transmission of RRC Connection Resume (and UL grant)
	1
	1
	1
	1

	12
	Processing delay in the UE (L2 and RRC)
	1
	2
	1
	2

	13
	UL slot alignment
	1
	1
	4
	4

	14
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1
	1
	1
	1

	15
	Processing delay in gNB (Uu –> S1-C)
	2
	4
	2
	4

	 
	Total delay [TTI]
	17
	25
	25
	33


The worst-case CP latency in NR Rel-15 TDD with alternating UL-DL pattern is 17TTI for 2TTI processing in gNB and 1TTI processing in UE.
Achievable TDD latency in ms
With different TTI lengths and SCS the absolute delay will differ, as shown in Table 2. For the alternating UL-DL TDD pattern we get the latency as indicated in Table 4, and for the UL-DL-DL-DL TDD pattern the resulting latency is shown in Table 5.
[bookmark: _Ref493257462][bookmark: _Hlk493257351]Table 4. Achievable CP latency for NR Rel-15 in ms for TDD with alternating UL-DL pattern.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	120kHz SCS

	14-symbol TTI
	17
	8.5
	3.1

	7-symbol TTI
	8.5
	4.3
	1.6

	4-symbol TTI
	4.9
	2.4
	0.89



[bookmark: _Ref493257549]Table 5. Achievable CP latency for NR Rel-15 in ms for TDD with UL-DL-DL-DL pattern.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	120kHz SCS

	14-symbol TTI
	25
	13
	4.1

	7-symbol TTI
	13
	6.3
	2.1

	4-symbol TTI
	7.1
	3.6
	1.2



As can be seen in the table, all considered configurations fulfil the 20ms 5G target on CP latency for the alternating UL-DL TDD pattern, and several configurations can also fulfill the 10ms requirement.
[bookmark: _Toc494738477]NR Rel-15 TDD can reach the ITU and 3GPP 5G targets on CP latency.

We consider that it us useful to capture the results of this contribution somewhere so that they can be later used in ITU evaluation. Technical report could be one place. 
Proposal 1	Discuss where to capture the results of this contribution (e.g. NR TR).


Conclusion
In section 2 we made the following observations:
1. The worst-case CP latency in NR Rel-15 FDD is 14TTI for 2TTI processing in gNB and 1TTI processing in UE.
NR Rel-15 FDD can reach the ITU and 3GPP 5G targets on CP latency.
The worst-case CP latency in NR Rel-15 TDD with alternating UL-DL pattern is 17TTI for 2TTI processing in gNB and 1TTI processing in UE.
NR Rel-15 TDD can reach the ITU and 3GPP 5G targets on CP latency.

Based on the discussion in section 2 we propose the following:
Proposal 1	Discuss where to capture the results of this contribution (e.g. NR TR).
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