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1      Introduction
Control plane latency is one of the metrics to be evaluated for ITU-R 5G submission [1]:
	Proposal 2: For performance evaluation, the following allocation of responsibility is proposed. 
· …
· User plane latency, control plane latency, mobility interruption time evaluation results (by analytical) are reviewed by RAN WG2 and reported by LS to RAN.
· …


There were evaluations results for control plane latency submitted in previous RAN2 meetings (e.g. [11][12]). In RAN2#101 meeting, control plane latency reduction for LTE was discussed, and a LS [2] was sent to RAN1 regarding the reduction of processing delay for RAR.
In this contribution, we evaluate control plane latency based on latest RAN1 and RAN2 progress and the methodology used in LTE. The contribution is an update of previous contribution R2-1805029.
2      Discussion
2.1     Requirements
The requirements for control plane latency from ITU-R M.2140 [3] are as follows:

	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.


2.2     Methodology

In LTE, control plane latency evaluation was captured in section 13.2 of TR 25.912 [4], and the evaluation results were further updated in section 16.2 and Annex B.1 of TR 36.912 [5]. 
In the study for CP latency reduction for LTE to meet the IMT-2020 requirement, evaluation is based on the procedure of resumption of a suspended RRC connection [2]. In RAN2#101bis meeting, there was a way forward contribution R2-1806403 [13] regarding the components of LTE CP latency as below:
Table: 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)
	0.5

	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
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6

	
	9.2 transmission of UL grant by eNB
	1

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	3

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	Not more than 23.5


For the CP latency evaluation for NR, we consider a similar approach as in R2-1806403 [13]. The state transition from battery-efficient state RRC_INACTIVE to RRC_CONNECTED is considered. The control plane latency includes time to complete the RRC procedure in Figure 1 below. The same RRC message names as LTE are used in Figure 1.
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Figure 1: Transition from RRC_INACTIVE to RRC_CONNECTED
Assumptions:
· RACH scheduling period: short sequence preamble format B1 is considered, which can have the highest density of PRACH configurations in time domain. The duration of Format B1 is two OFDM symbols. According to RACH configurations in TS 38.211 [7], for 15 kHz and 30 kHz SCS numerologies, PRACH slots containing preamble B1 can be configured in every UL slot, and there can be 7 PRACH occasions configured in one PRACH slot for paired and spectrum. For unpaired spectrum, configuration index 150 and 149 are used for 15 and 30 kHz SCS, respectively (since alternating DL/UL pattern is assumed, as discussed later). Relevant configurations in TS 38.211 [7] are copied below.
Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.

	PRACH Configuration Index
	Preamble format
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	196
	B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7
	2


Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.
	PRACH Configuration Index
	Preamble format
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	149
	B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	3
	2

	150
	B1
	1
	0
	1,3,5,7,9
	2
	1
	6
	2


· Preamble handling delay: this is specified in TS 38.213 [8] section 8.2 as “The window starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space, as defined in Subclause 10.1, that is at least 
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 symbols after the last symbol of the preamble sequence transmission, where  is defined in [10, TS 38.133].” So far, there is no agreement made by RAN4. As an assumption, 7 OFDM symbols (i.e. half a slot) are assumed.
· 4 OFDM symbols are used for PDSCH/PUSCH transmission. PDSCH Type B mapping is mandatory, according to TS 38.306 [6] below:
	Definitions for parameters
	Per
	M
	FDDTDD

DIFF
	FR1

FR2

DIFF

	…
	
	
	
	

	pdsch-MappingTypeB

Indicates whether the UE supports receiving PDSCH using PDSCH mapping type B.
	UE
	Yes
	No
	No


For PDSCH Type B mapping, when 4 OFDM symbols are used, PDSCH can start in OFDM symbols with index from 0 to 10 in the DL slot, according to TS 38.214 [9] below:
Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}


For PUSCH mapping, below is specified in TS 38.214 [9]. PUSCH Type B mapping is assumed. When 4 OFDM symbols are used, PUSCH can start with index from 0 to 10 in the UL slot.
Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


· RAR processing time: In TS 38.213 [8] section 8.2, following is specified regarding the timing difference between RAR reception and Msg3: 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 when the PDSCH and the PUSCH have a same subcarrier spacing is equal to 
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 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured, 
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 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214], and 
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 is the maximum timing adjustment value that can be provided by the TA command field in the RAR.  
In RAN1#92bis meeting, above timing relations is updated by removing the component 
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. Therefore when TA is not considered, the RAR processing time is shown in Table 1 below:
Table 1: RAR processing time
	Numerology
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	Minimum RAR to Msg3 delay [OFDM symbols)

	15 kHz SCS
	13
	10
	30

	30 kHz SCS
	13
	12
	39


· gNB and UE processing time: The same processing time as in R2-1806403 [13] is used for NR evaluation, i.e. gNB processing time in component 7 is 3 ms, and UE processing time in component 9.1 is 6 ms. As discussed in our contribution R2-1807508 [10] on LTE CP latency reduction, component 9.2 and 9.3 can be considered as 0 for CP latency reduction, which is used for NR CP latency evaluation in this contribution.
2.3     Evaluation for paired spectrum
The CP latency depends on the relative timing offset when the RACH is triggered. The CP latency (component 1 to 8) for various cases are shown in Figure 2 and Figure 3 below for 15 and 30 kHz SCS.
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Figure 2: Component 1 to 8 in paired spectrum, 15 kHz SCS
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Figure 3: Component 1 to 8 in paired spectrum (30 kHz SCS)
The evaluation for paired spectrum for the first row in Figure 2 (for 15 kHz SCS) and Figure 3 (for 30 kHz SCS) is shown in Table 2 below. 

Table 2: Transition time from RRC_INACTIVE to RRC_CONNECTED for paired spectrum
	Component
	Description
	Duration

	
	
	15 kHz SCS
	30 kHz SCS

	1
	Average delay due to RACH scheduling period
	1 symbol

	2
	Transmission of RACH Preamble
	2 symbols

	3
	Preamble detection and processing in gNB
	7 symbols

	4a
	Frame alignment
	3 symbols

	4
	Transmission of RA response
	4 symbols

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

	6
	Transmission of RRC Connection Resume Request
	4 symbols

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

	8
	Transmission of RRC Connection Resume (and UL grant)
	4 symbols

	9
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6 ms

	
	9.2 transmission of UL grant by gNB
	0

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	0

	10
	Transmission of RRC Connection Resume Complete
	0

	
	Total delay
	55 symbols + 9 ms = 12.93 ms
	64 symbols + 9 ms = 11.29 ms


CP latency evaluation results for paired spectrum is shown in Table 3 below by averaging all cases shown in Figure 2 and Figure 3.
Table 3: CP latency evaluation results for paired spectrum
	Control plane latency (ms)
	15 kHz SCS
	30 kHz SCS

	
	12.8
	11.2


Observation 1: The analysis shows that the 20 ms control plane latency requirement can be satisfied for paired spectrum.

If Rel-15 NR aims to meet 10 ms CP latency, then some reduction of gNB processing time (component 7) and UE RRC processing time (component 9.1) can be considered. For example, if gNB processing time is reduced to 1 ms and UE RRC processing time is reduced to 4 ms, then the CP latency for 15 and 30 kHz SCS are 8.8 and 7.2 ms, respectively. The 10 ms CP latency requriement can then be met.

2.4     Evaluation for unpaired spectrum
For unpaired spectrum, an alternating DL/UL pattern is assumed, i.e. the periodicity is 2 slots with one slot for DL and the other slot for UL.
For 15 kHz SCS, RACH configuration 150 is used, where RACH is configured in odd slots, and there are 6 RACH occasions in each RACH slot. For 30 kHz SCS, RACH configuration 149 is used, where RACH is configured in odd slots, and there are 3 RACH occasions in each RACH slot.
The CP latency depends on the relative timing offset when the RACH is triggered. The CP latency (component 1 to 8) for various cases are shown in Figure 4 and Figure 5 below for 15 and 30 kHz SCS.
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Figure 4: Component 1 to 8 in unpaired spectrum, 15 kHz SCS
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Figure 5: Component 1 to 8 in unpaired spectrum, 30 kHz SCS
The evaluation for unpaired spectrum for the first row in Figure 4 (for 15 kHz SCS) and Figure 5 (for 30 kHz SCS) is shown in Table 4 below.

Table 4: Transition time from RRC_INACTIVE to RRC_CONNECTED for unpaired spectrum

	Component
	Description
	Duration

	
	
	15 kHz SCS
	30 kHz SCS

	1
	Average delay due to RACH scheduling period
	8 symbols
	11 symbols

	2
	Transmission of RACH Preamble
	2 symbols

	3
	Preamble detection and processing in gNB
	7 symbols

	4a
	Frame alignment
	3 symbols
	0

	4
	Transmission of RA response
	4 symbols

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

	6a
	Frame alignment
	8 symbols
	0

	6
	Transmission of RRC Connection Resume Request
	4 symbols

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

	8a
	Frame alignment
	0
	6 symbols

	8
	Transmission of RRC Connection Resume (and UL grant)
	4 symbols

	9
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6 ms

	
	9.2 transmission of UL grant by gNB
	0

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	0

	10
	Transmission of RRC Connection Resume Complete
	0

	
	Total delay
	70 symbols + 9 ms = 14 ms
	77 symbols + 9 ms = 11.75 ms


CP latency evaluation results for unpaired spectrum is shown in Table 5 below by averaging all cases shown in Figure 4 and Figure 5.
Table 5: CP latency evaluation results for unpaired spectrum
	Control plane latency (ms)
	15 kHz SCS
	30 kHz SCS

	
	13.7
	11.7


Observation 2: The analysis shows that the 20 ms control plane latency requirement can be satisfied for unpaired spectrum.

If Rel-15 NR aims to meet 10 ms CP latency, similar to the discussion in section 2.3 for paired spectrum, some reduction of gNB processing time (component 7) and UE RRC processing time (component 9.1) can be considered. For example, if gNB processing time is reduced to 1 ms and UE RRC processing time is reduced to 4 ms, then the CP latency for 15 and 30 kHz SCS are 9.7 and 7.7 ms, respectively. The 10 ms CP latency requriement can then be met.
3      Conclusion
In this contribution, we evaluate control plane latency. We have the following observations.

Observation 1: The analysis shows that the 20 ms control plane latency requirement can be satisfied for paired spectrum.
Observation 2: The analysis shows that the 20 ms control plane latency requirement can be satisfied for unpaired spectrum.
We propose the following:
Proposal 1: The control plane latency results are captured in IMT-2020 self-evaluation.
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