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Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]At RAN#77 meeting, the preliminary work plan of self evaluation was agreed in [1], where a three-step plan is made. At RAN#78 meeting, it was agreed in [2] that 3GPP will start Step 2 activity for self evaluation study, which includes the performance evaluation against the eMBB, mMTC and URLLC technical performance requirements as defined in Report ITU-R M.2410 (see [3]). 
The evaluation of these requirements would require technical expertise from RAN WGs including RAN2. To well progress the study, a work split on the evaluation of the technical performance requirements is proposed in [2], and it was agreed that RAN WG2 needs to take care of the technical performance requirements including control plane latency. Therefore, this document is submitted to RAN2 for consideration.
In this document, the evaluation approaches and results of NR control plane latency are provided.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK458]Metric definition and requirements
According to Report ITU-R M.2410, 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. 
Table 1. The requirements of control plane latency
	
	ITU-R requirements

	Control plane latency for eMBB (ms)
	20

	Control plane latency for URLLC (ms)
	20



Control plane latency calculation
Different from LTE Rel-14 (see [4]), it was agreed in NR that a new state, i.e. “inactive state”, should be supported. This state is a most battery efficient state, where the UE does not need to monitor the physical channels all the time.
In addition, NR defines the connection resume signals which allow to fetch RRC context from gNB without information exchanging between gNB and NG-CN. Therefore, the signaling between gNB and NG-CN can be skipped (as shown in the red dotted box/faded grey characters in Figure 1). 
Based on this understanding, it is appropriate to evaluate NR control plane latency from inactive state to connected state, and use the NR procedure as plotted in Figure 1 (from Step 1 to Step 11) for the evaluation. In Figure 1, the comparison of LTE procedure is shown in red dotted boxes. 
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Figure 1. The procedure from inactive state to connected state in NR 
Control plane latency of FDD
According to Figure 1, the control plane latency of FDD is analyzed. Control plane latency is highly dependent on the processing delay of both BS and UE sides. There are several aspects to be considered
· The processing time is dependent on various factors, and is highly related to implementation. For the time being, there is no agreement on UE processing time for L2 and RRC signals. Therefore it is appropriate to assume several options in this initial evaluation.
· On the scaling of UE processing time, it is noted that RAN1 agrees that L1 processing time is a multiple of OFDM symbols. Considering that there are also L2 and higher layer processing, it is appropriate to assume the UE processing time is a multiple of non-slots of M OFDM symbols. Similar assumption is also found in [5]. 
· On BS processing time, there might be different assumptions depending on the implementation as well. For the sake of the initial evaluation, it is assumed that BS and UE processing time are identical. Other assumptions can be evaluated.
Based on the above assumption, in this document, we assume that the same processing delay for L2 and RRC for both BS and UE, with N non-slots of M OFDM symbols. Based on the assumption, we give the following analysis for NR FDD. 
It is also noted that this analysis is focused on low frequency range, e.g., below 6GHz. Considering that for RACH below 6GHz, only 15kHz and 30kHz SCS are supported, the sub-carrier spacing (SCS) of 15kHz and 30kHz is considered.
For high frequency range (above 24 GHz), beam management needs to be taken into account, which might introduce additional latency. This is not considered in this document.
The control plane latency analysis for FDD is shown in Table 2.
Table 2. Control plane latency analysis for NR FDD
	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	1
	Average delay due to RACH scheduling period 
	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 Resume Request)
	N

	6
	Transmission of RRC Connection Resume Request
	1

	7
		Processing delay in eNB (L2 and RRC)	
	N

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

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

	10
	Transmission of RRC Connection Resume Complete
	1

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

	
	Total delay
	7.5+4*N



Based on the analysis from Table 2, the control plane latency results of various N and M are illustrated in Table 3.
Table 3. Control plane latency results for NR FDD
	Control plane latency (ms)
	15kHz SCS (N=12)
	30kHz SCS (N=12)
	15kHz SCS (N=4)
	30kHz SCS (N=4)
	15kHz SCS (N=1)
	30kHz SCS (N=1)

	M=2
(2OS non-slot)
	7.9 
	4.0 
	3.4 
	1.7 
	1.6 
	0.8 

	M =4
(4OS non-slot)
	15.9 
	7.9 
	6.7 
	3.4 
	3.3 
	1.6 

	M =14
(14OS slot)
	55.5 
	27.8 
	23.5 
	11.8 
	11.5 
	5.8 



Observation1: NR FDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for N=1/4/12 non-slots, or M=14OS slot and 30kHz SCS for N=4 slots, or M=14OS slot and 15kHz/30kHz SCS for N=1 slot).
Control plane latency of TDD
The control plane latency analysis for TDD is shown in Table 4 for different DL/UL configurations.
Table 4. Control plane latency analysis for NR TDD
	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	
	
	DL-UL
	DL-DL-DL-DL-UL

	1
	Average delay due to RACH scheduling period 
	1
	2.5

	2
	RACH Preamble
	1
	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) + delay for the nearest DL TTI
	3
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) + delay for the nearest UL TTI
	N+1
	N+4

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC) + delay for the nearest DL TTI
	N+1
	N+1

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

	9
	Processing delay in the UE (L2 and RRC) + delay for the nearest UL TTI
	N+1
	N+4

	10
	Transmission of RRC Connection Resume Complete
	1
	1

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

	
	Total delay
	11+4*N
	18.5+4*N



Based on the analysis from Table 4, the control plane latency results of various N and M are illustrated in Table 5.
Table 5. Control plane latency results for NR TDD
	Control plane latency (ms)
	15kHz SCS (N=12)
	30kHz SCS (N=12)
	15kHz SCS (N=4)
	30kHz SCS (N=4)
	15kHz SCS (N=1)
	30kHz SCS (N=1)

	DL-UL
	M=2
(2OS non-slot)
	8.4 
	4.2 
	3.9 
	1.9 
	2.1 
	1.1 

	
	M =4
(4OS non-slot)
	16.9 
	8.4 
	7.7 
	3.9 
	4.3 
	2.1 

	
	M =14
(14OS slot)
	59.0 
	29.5 
	27.0 
	13.5 
	15.0 
	7.5 

	DL-DL-DL-DL-UL
	M =2
(2OS non-slot)
	9.5 
	4.8 
	4.9 
	2.5 
	3.2 
	1.6 

	
	M =4
(4OS non-slot)
	19.0 
	9.5 
	9.9 
	4.9 
	6.4 
	3.2 

	
	M =14
(14OS slot)
	66.5 
	33.3 
	34.5 
	17.3 
	22.5 
	11.3 



Observation2: For symmetric pattern such as DL-UL, NR TDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for N=1/4/12 non-slots, or M=14OS slot and 30kHz SCS for N=4 slots, or M=14OS slot and 15kHz/30kHz SCS for N=1 slot).
Observation3: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for M=1/4/12 non-slot, or M=14OS slot and 30kHz SCS for N=1/4 slots).
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: _GoBack][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Conclusion
[bookmark: _Toc423020280][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this document, we discussed NR performance in terms of control plane latency. The following observations are made.
Observation1: NR FDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for N=1/4/12 non-slots, or M=14OS slot and 30kHz SCS for N=4 slots, or M=14OS slot and 15kHz/30kHz SCS for N=1 slot).
Observation2: For symmetric pattern such as DL-UL, NR TDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for N=1/4/12 non-slots, or M=14OS slot and 30kHz SCS for N=4 slots, or M=14OS slot and 15kHz/30kHz SCS for N=1 slot).
Observation3: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD can fulfil the control plane latency requirement of IMT-2020 (with M=2OS/4OS non-slot and 15kHz/30kHz SCS for M=1/4/12 non-slot, or M=14OS slot and 30kHz SCS for N=1/4 slots).
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