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1. Introduction
TR 38.913 sets the target for C-plane latency to 10 ms [1]. The C-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). This paper attempts to assess the feasibility of the target value taking Rel-13 LTE as a baseline.
2. Discussion
C-plane latency was evaluated for LTE-Advanced in Rel-10 and concluded that 50 ms of C-plane latency can be achieved [2]. How to derive the value is excerpted from [2] in the Annex section of this paper. With the same evaluation methodology, C-plane latency is analysed by leveraging up-to-date Rel-13 LTE technologies. One feature which can contribute to reducing the C-plane latency is use plane CIoT EPS optimisation [3]. With this solution, AS context is stored in the eNB and the UE while the UE is in RRC_IDLE. The number of connection setup signalling and latency can be reduced by resuming RRC connection with the stored AS context. By leveraging this mechanism, C-plane setup procedures from idle to connected mode looks like Figure 1 below. C-plane latency can be derived by measuring the total processing time from step 1 (RACH waiting) to step 10 (RRC resume complete transmitting).
This C-plane setup procedure illustrated in Fig.1 can be a reference to envisage an achievable value for NR since RAN2 agreed to study a RAN controlled “state” whose characteristics and the U-plane CIoT EPS optimisation look alike.
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Figure 1:

C-plane setup procedures from idle to connected mode in Rel-13 LTE
Table 1 shows the transition time from idle to connected mode for the C-plane setup procedures in Fig.1. The processing time required for each component is inherited from the LTE-A evaluation except for the one for RRC connection resume (component 9 in Fig.1). As the procedure delay requirement for RRC connection establishment is defined as 15 ms for LTE, the processing delay for component 9 is proper to assume 15 ms rather than 12 ms (coloured blue in Table 1). With this assumption, the total C-plane latency can be reduced to 31.5 ms. Nevertheless, it is still far from the target value for NR.
Observation 1:
Rel-13 LTE can achieve C-plane latency of 31.5 ms by leveraging U-plane CIoT EPS optimisation. It is far from the target value for NR (10 ms).
To achieve the target value for NR, further latency reduction is required for each component. For instance, shorter TTI can be assumed for NR, which is to be supported for LTE as well [4]. Taking the shortest TTI to be supported for LTE [4], the time for message transmission (i.e. component 1, 2, 3-4, 6, 8, 10) can be reduced from 1 ms to 0.2 ms. Even with the shortest TTI, the C-plane latency can be reduced by 4 ms, resulting in 27.1 ms in total as shown in Table 1 (Time1). To reduce the C-plane latency for further, the processing delay in the eNB and the UE needs to be reduced. For instance, the C-plane latency can be reduced to 18.1 ms by assuming to reduce the eNB/UE processing delay as shown in Table 1(Time2). Nonetheless, it is still beyond the target value.
Observation 2:
By shortening TTI and eNB/UE processing delay, the total C-plane latency can be reduced. Nonetheless, the target value of 10 ms is still challenging to achieve.
Table 1:
Transition time from idle to connected mode

	Component
	Description
	Time (ms) Rel-13 LTE
	Time1 (ms) NR
	Time2 (ms) NR

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5
	0.1
	0.1

	2
	RACH Preamble
	1
	0.2
	0.2

	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
	2.2
	2.2

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5
	3 (LTE x0.6)

	6
	Transmission of RRC Connection Resume Request
	1
	0.2
	0.2

	7
	Processing delay in eNB (L2 and RRC)
	4
	4
	2 (LTE x1/2)

	8
	Transmission of RRC Connection Resume (and UL grant)
	1
	0.2
	0.2

	9
	Processing delay in the UE (L2 and RRC)
	15
	15
	10 (LTE x2/3)

	10
	Transmission of RRC Connection Resume complete
	1
	0.2
	0.2

	
	Total delay
	31.5
	27.1
	18.1


3. Summary and proposal
This paper assessed the feasibility of the target value taking Rel-13 LTE as a baseline. The followings were observed.
Observation 1:
Rel-13 LTE can achieve C-plane latency of 31.5 ms by leveraging U-plane CIoT EPS optimisation. It is far from the target value for NR (10 ms).

Observation 2:
By shortening TTI and eNB/UE processing delay, the total C-plane latency can be reduced. Nonetheless, the target value of 10 ms is still challenging to achieve.

Based on these observations, the followings are proposed.
Proposal 1:
RAN2 is respectfully asked to discuss if the target C-plane latency of 10 ms is feasible to achieve by NR.

Proposal 2:
if the target value is though as challenging, RAN2 should discuss the feasible target value and feedback to TSG-RAN.

According to the evaluation in this paper, the total latency of 20 ms seems feasible although the feasibility of reducing processing delay in the eNB and the UE has to be verified.
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Annex:
C-plane latency evaluation for LTE-Advanced (TR 36.912)

16.2
C-plane latency
16.2.1
Idle to Connected

The different steps involved in the transition from Idle to Connected mode in LTE-Advanced are depicted on Figure 16.2.1-1 below:
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Figure 16.2.1-1: From Idle to Connected mode

Taking LTE Release 8 as a baseline (see Annex B) and including the improvements described in subclause 10.1, the transition time from Idle to Connected mode can be reduced to 50ms as summarized in Table 16.2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…). Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on C-plane latency for Idle to Connected transition.
Table 16.2.1-1: Transition time from Idle to Connected mode

	Component
	Description
	Time (ms)

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

	2
	RACH Preamble
	1

	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

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

	6
	Transmission of RRC and NAS Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

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

	9
	Processing delay in the UE (L2 and RRC)
	12

	10
	Transmission of RRC Connection Set-up complete
	1

	11
	Processing delay in eNB (Uu → S1-C)
	

	12
	S1-C Transfer delay
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	

	14
	S1-C Transfer delay
	

	15
	Processing delay in eNB (S1-C → Uu)
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5

	17
	Processing delay in UE (L2 and RRC)
	16

	
	Total delay
	50
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