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Introduction
In this document, the evaluation method and evaluation results of NR control plane latency are proposed, where the performance of NR FDD, TDD and TDD+SUL are taken into account. It is worth noting that this document is updated based on R2-1808169, in accordance with the new approval [1] on 3GPP TSG RAN Meeting #80. In [1], the performance of control plane latency for LTE is given, and some of the steps and assumptions could be referred as the starting point for NR CP latency evaluation. 
Discussion
0. Metric definition and requirements
According to Report ITU-R M.2410 (see [2]), 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
	Technical performance requirement
	Value

	Control plane latency for eMBB (ms)
	20

	Control plane latency for URLLC (ms)
	20



Control plane latency calculation
Different from LTE Rel-14 (see [3]), 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 10) for the evaluation. In Figure 1, the comparison of LTE Rel-14 procedure is shown in red dotted boxes. 
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Figure 1. The procedure from inactive state to connected state in NR
In 3GPP TSG RAN Meeting #80, some details of the control plane latency for LTE Rel-15 was determined [1], and the steps and assumptions as below.
	[bookmark: _Ref492999729]Table 2: LTE Control Plane latency for FDD for those Rel-15 UE with optional capability.
	Component
	Description
	Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response	
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	4

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	3

	8
	Transmission of RRC Connection Resume
	1

	9
	Processing delay in the UE of RRC Connection Resume including grant reception
	7

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	20

	
	

	Notes
	

	1
	In step 5, the latency of 4ms has been agreed by RAN1, see LS in R2-1806411

	2
	In step 7, the processing delay in eNB (L2 and RRC) has been reduced to 3ms.

	3
	For step 9 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of UL grant. The transmission of UL grant by eNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.

	4
	For step 9 for DL data transfer, only the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of DL grant. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.

	5
	In step 10, the latency associated to the Transmission of RRC Connection Resume Complete and UP data is assumed to be 0ms





The proposed procedure and assumptions above for LTE Rel-15 can be used as a reference for the analysis on NR system.
Control plane latency of FDD
According to Figure 1 and the proposed procedure and assumption for LTE Rel-15, 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 [4]. 
· 




For message3 transmission, it was agreed in TS 38.213 that a minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214].
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 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 3.
Table 3. Control plane latency analysis for NR FDD
	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	1
	Delay due to RACH scheduling period
	0

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in gNB
	2

	4
	Transmission of RA response
	1

	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
	1

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

	8
	Transmission of RRC Connection Resume
	1

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

	10
	Transmission of RRC Connection Resume Complete and UP data
	0

	
	Total delay
	6 (non-)slots +(10.5+NT,1+NT,2) ms


Based on the analysis from Table 3, the control plane latency results of various M are illustrated in Table 4.
Table 4. Control plane latency results for NR FDD 
	Slot / non-slot duration
	SCS

	
	15kHz 
	30kHz 

	M=2
(2OS non-slot)
	13.0
	11.8

	M =4
(4OS non-slot)
	13.9
	12.3

	M =14
(14OS slot)
	18.1
	14.4



Observation 1: NR FDD can fulfill the control plane latency requirement of IMT-2020 with combinations of 15kHz/30kHz SCS and 2OS/4OS/14OS (non-)slots.
Control plane latency of TDD with and without SUL
The control plane latency analysis for TDD and SUL is shown in Table 5 for different DL/UL configurations.
Table 5. Control plane latency analysis for NR TDD and SUL
	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	
	
	TDD (DL-DL-DL-DL-UL)
	TDD (DL-DL-DL-DL-UL) +SUL

	1
	Delay due to RACH scheduling period
	0
	0

	2
	RACH Preamble
	1
	1

	3
	Preamble detection and processing in gNB
	2
	2

	4
	Delay for the nearest DL (non-)slot and Transmission of RA response
	1.2
	1.2

	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 (non-)slot
	(NT,1+NT,2+0.5) ms +2 non-slots
	NT,1+NT,2+0.5 ms

	6
	Transmission of RRC Connection Resume Request
	1
	1 with 15kHz SCS

	7
	Processing delay in gNB (L2 and RRC) + delay for the nearest DL (non-)slot
	3 ms+0.2 non-slot
	3 ms+0.2 non-slot

	8
	Transmission of RRC Connection Resume
	1
	1

	9
	 Processing delay in UE of RRC Connection Resume including grant reception
	7 ms+2 non-slot
	7 ms

	10
	Transmission of RRC Connection Resume Complete and UP data
	0
	0

	
	Total delay 
	10.4 (non-)slots +(10.5+ NT,1+NT,2) ms
	5.4 (non-)slots +1 (non-)slots with 15kHz SCS +(10.5+ NT,1+NT,2) ms


Based on the analysis from Table 5, the control plane latency results of various M are given in Table 6.
Table 6. Control plane latency results for NR TDD and SUL
	Slot / non-slot duration
	SCS

	
	15 kHz
	30 kHz

	
	TDD
	TDD+SUL (15kHz SCS)
	TDD
	TDD+SUL (15kHz SCS)

	M =2
(2OS non-slot)
	13.6
	13.1
	12.1
	11.9

	M =4
(4OS non-slot)
	15.1
	14.0
	12.9
	12.5

	M =14
(14OS slot)
	22.5
	18.5
	16.6
	15.1



Note that this evaluation is for UL control plane latency. As for DL, since the DL data transfer can start even before the UE is able to transmit in UL after step 9, further processing delay reduction in UE can be achieved, thus, shorter CP latency is expected.
[bookmark: _GoBack]Observation 2: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD can fulfill the control plane latency requirement of IMT-2020 with the combinations of 15kHz/30kHz SCS and 2OS/4OS non-slots, or fulfill the control latency requirement of IMT-2020 with 30kHz SCS and 14OS slot. 
Observation 3: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD with SUL can fulfill the control plane latency requirement of IMT-2020 with the combinations of 15kHz/30kHz SCS and 2OS/4OS/14OS (non-)slots. 
Observation 4: For DL dominated pattern, SUL can reduce control plane latency compared to TDD only operation.
Proposal: Capture the evaluation results in Section 3 into TR37.910.
Conclusion
In this document, we discussed NR performance in terms of control plane latency. The following observations and proposal are made.
Observation 1: NR FDD can fulfill the control plane latency requirement of IMT-2020 with combinations of 15kHz/30kHz SCS and 2OS/4OS/14OS (non-)slots.
Observation 2: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD can fulfill the control plane latency requirement of IMT-2020 with the combinations of 15kHz/30kHz SCS and 2OS/4OS non-slots, or fulfill the control latency requirement of IMT-2020 with 30kHz SCS and 14OS slot. 
Observation 3: For DL dominated pattern such as DL-DL-DL-DL-UL, NR TDD with SUL can fulfill the control plane latency requirement of IMT-2020 with the combinations of 15kHz/30kHz SCS and 2OS/4OS/14OS (non-)slots. 
Observation 4: For DL dominated pattern, SUL can reduce control plane latency compared to TDD only operation.
Proposal: Capture the evaluation results in Section 3 into TR37.910.
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