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1 Introduction

This paper reviews the definition of control plane latency in TR 38.913 [1] and working document of ITU-R performance requirements for IMT-2020 [2], and addresses how the control plane latency can be analyzed considering on-going discussion on data transmission in the inactive state. Also control plane latency is calculated assuming various TTI and processing latency values.

2 Discussion
The definitions of control plane latency in TR 38.913 [1] and the working document of ITU-R performance requirement for IMT-2020 [2] are almost identical. They are copied below.
[TR 38.913]

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).
[ITU-R]
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).
Two things should be clarified to analyse and actually calculate the latency from the definition:
1. Battery efficient: Idle state vs. inactive state

2. The time to start continuous data transfer

In our analysis (R2-1700369 and R2-1700370), it was observed that staying in the inactive state could be more battery efficient than idle state as the UE can reduce connection tail (i.e., CDRX duration) while supressing CN signalling and send small packets without full connection establishment. But to be fair, it is also true that the idle state can be as battery efficient for high speed UE that requires wider tracking area than typical RAN paging area. Therefore, it seems acceptable that either inactive state or idle state can be the battery efficient state mentioned in the definition of control plane latency.

The second issue is more subtle. The time to start continuous data transmission was interpreted as the time when the UE can be scheduled in every TTI in downlink and uplink for LTE and IMT-adv. In this case, it should be the time when the UE transitions to connected (or active) state. But considering possibility of uplink and downlink data exchange in the inactive state before establishing or resuming full connection and the user experience for initial data exchange in inactive state and connected state would not be different for typical TCP/IP applications due to TCP behaviours (e.g. slow start), the time to send the first uplink packet in the inactive state can be also considered.
Observation 1. The control plane latency can be measured as transition from idle state to connected state as for LTE or from inactive state to the time to send the first uplink packet in the inactive state.
It is proposed to use the 2nd approach in the observation to meet tight 10ms control plane latency requirement for NR and IMT-2020, and also to promote the enhanced performance of NR.
Proposal 1. The control plane latency of NR is analysed as the transition time from inactive state to the time to send the first uplink packet in the inactive state.
The same analysis for LTE used the left call flow in below, and the calculated latency was 50ms. If control plane latency of NR is analysed as proposed, the resume call flow (right figure below) can be used for its analysis, and step 1 to 5 in the call flow can be considered as components of the control plane latency.
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Figure 1. Call flow for connection establishment and connection resumption
The following table 1 shows calculated latencies. The column with LTE Rel.10 shows the latency with the same TTI length (1ms) and processing delay as LTE. The analysis for NR can reuse the same approach as LTE but with different system parameters such as TTI and processing delay due to enhanced hardware capability. Considering on-going discussion and status in RAN1, 2 symbol TTI (1/7 ms assuming the same number of symbols as LTE in 1ms sub-frame) seems acceptable assumption for NR mini-slot. For processing delay, various options including the same delay as LTE, 50% less and 33% less processing delay can be considered for examples. The remaining columns in table 1 shows calculated control plane latencies and total latencies for full connection resumption corresponding to the processing delay assumptions.
Table 1. Control plane latency and total latency for full connection resumption

	Component
	Description
	LTE Rel.10
	NR-1
(1/7ms TTI)
	NR-2
(1/7 ms TTI, 1/2 processing delay)
	NR-2
(1/7 ms TTI, 1/3 processing delay)

	1
	Average delay due to RACH scheduling period 
(1ms RACH cycle)
	0.5
	1/14
	1/14
	1/14

	2
	RACH Preamble
	1
	1/7
	1/7
	1/7

	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)
	3 (2+1)
	2 + 1/7
	1 + 1/7
	2/3 + 1/7

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5
	2.5
	5/3

	Control plane latency
	
	9.5 ms
	7.4 ms
	3.9 ms
	2.7 ms

	6
	Transmission of RRC Connection Resume Request
	1
	1/7
	1/7
	1/7

	7
	Processing delay in eNB (L2 and RRC)
	4
	4
	2
	4/3

	8
	Transmission of RRC Connection Resume (and UL grant)
	1
	1/7
	1/7
	1/7

	9
	Processing delay in the UE (L2 and RRC)
	15
	15
	7.5
	5

	10
	Transmission of RRC Connection Resume complete
	1
	1/7
	1/7
	1/7

	Total delay for full resumption
	
	31.5 ms
	26.8 ms
	13.8 ms
	9.5 ms

	
	(TTI Dependent Latency)
	5.5 ms
	0.8 ms
	0.8 ms
	0.8 ms

	
	(Processing Dependent Latency)
	26 ms
	26 ms
	13 ms
	8.7 ms


Observation 2. The control plane latency of NR can be in a range from 2.7 ms to 7.4 ms assuming 2 symbol TTI and reduced processing delays than LTE.

Observation3. If the control plane latency is defined as the transition time to the full connected state, the latency can be less than 10ms only when processing delays is enhanced as required or TTI is reduced further to less than 2 symbols.

As shown in the table 1, there are a number of unclear RAN1 dependent parameters in this analysis, therefore it would be better to capture a number of possible control plane latency values in TR 38.804 and TR 38.912 with corresponding assumptions.
Proposal 2. Capture table 1 in the corresponding section of TR 38.804 and TR 38.912 with assumptions on TTI length and processing delay.

3 Conclusion
This contribution addresses a number of issues in the definition of control plane latency and related assumptions on TTI and processing delay. Following observation was provided:

Observation 1. The control plane latency can be measured as transition from idle state to connected state as for LTE or from inactive state to the time to send the first uplink packet in the inactive state.

Observation 2. The control plane latency of NR can be in a range from 2.7 ms to 7.4 ms assuming 2 symbol TTI and reduced processing delays than LTE.

Observation3. If the control plane latency is defined as the transition time to the full connected state, the latency can be less than 10ms only when processing delays is enhanced as required or TTI is reduced further to less than 2 symbols.

Based on the discussion above, it is proposed to define the control plane latency of NR as below.
Proposal 1. The control plane latency of NR is analysed as the transition time from inactive state to the time to send the first uplink packet in the inactive state.

Based on the above definition, the table 1 is proposed to be captured in TR 38.804 and 38.912.
Proposal 2. Capture table 1 in the corresponding section of TR 38.804 and TR 38.912 with assumptions on TTI length and processing delay.
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