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Introduction
The ITU-R target for control plane (CP) latency in IMT2020 for NR has been set to 20ms. The CP latency is defined as the duration of the UE transits from a most “battery efficient” state to the start of continuous data transfer state.
Different from LTE, in NR the inactive state is supported which is a most “battery efficient” state as well as idle mode. Since the UE in inactive mode, the UE and the gNB keeps the context of the CN, less latency is needed to transit to connected mode compared with that from idle mode to connected mode as the signaling with CN is reduced. In this contribution, the procedure of UE transits from inactive mode to connected mode will be considered to evaluate the CP latency in TDD and FDD. Preliminary results are also provided.
Discussion
Take the transition from inactive mode to connected mode as example, the procedure of the transition as following figure shows:



Fig 1 Procedure of transition from inactive to connected mode
According to Fig.1, we can calculate CP latency as follows:
Table 2‑1  The procedure of CP latency calculating
	1、Average delay due to RACH scheduling period
	NTTI,0

	2、Transmission of RACH Preamble
	1 TTI

	3、Preamble detection and processing in gNB
	NTTI,1

	4.a 、 DL waiting time
	NTTI,DL-waiting

	4、Transmission of RA response
	1TTI

	5、UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Complete Request)
	NTTI,2

	6.a 、UL waiting time
	NTTI,UL-waiting

	6、Transmission of RRC Connection Resume Request
	1TTI

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

	8.a、  DL waiting time
	NTTI,DL-waiting

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

	9、Processing delay in the UE (L2 and RRC; including UL grant reception)
	5ms 

	10.a、  UL waiting  time
	NTTI,UL-waiting

	10、Transmission of RRC Connection Resume Complete
	1TTI

	Total Delay
	5TTI+TTI*[NTTI,0+NTTI,1+NTTI,2
2*(NTTI,DL-waiting +NTTI,UL-waiting)]+8ms


Note: NTTI,xxx denotes the latency normalized to the number of TTI.
Processing delay and waiting time
According to Table 2-1, the control plane latency is highly dependent on the processing delay of both gNB and UE sides. There are several aspects to be considered:
· Step 1. RACH scheduling  delay: 
In [3], it defines the time configuration of Preamble for FDD and TDD, including the num of   PRACH occasion and the start symbol of Preamble. 
The preamble only can be transmitted at UL slot. In one UL slot ,there may be multiple PRACH occasions. So the average waiting time of  all occasions can be considered as the RACH scheduling delay, which is noted as   NTTI,0.
· Step 3. Preamble detection and processing delay: 
We can assume the processing delay of Preamble detection and preparing for Msg2 equals to PUSCH preparation time ,which is specified in [2] and noted as NTTI,1.
· Step 5. UE processing delay(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) : 
As specified in [4] “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 NT1+NT2+0.5 msec. NT1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and  NT2 is a time duration of  N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6.4, TS 38.214]”; and in [2], when the PUSCH carrying Msg3 is transmitted, an extra delay Δ needed to be considered.
The total delay of UE processing is noted as NTTI,2.
· Step 7 and 9. Processing delay (L2 and RRC):
In LTE the current processing delay due to L2 and RRC of gNB and UE are 3ms and 10ms corresponding to step 7 and 9 respectively [6]. Considering the processing capability of UE and gNB is improved compared with that in LTE, the latency at step 9 can be reduced to half of that in LTE. Meanwhile considering in step 7 gNB needs to perform context verification and even context fetch procedure, the processing time for step7 is still 3ms.
· Waiting time:
Msg 2 and Msg 4 only can be transmitted at DL slot, and Msg 3 ansd Msg 5 only can be transmitted  at UL slot.  So the  average waiting time considering arrival time must be considered which is associated with slot structure and data mapping type. NTTI,DL-waiting and NTTI,UL-waiting are average waiting  time for DL and UL transmission respectively for both TDD and FDD cases. The average principle is the same as calculation in UP latency [5].
Proposal 1. L2 and RRC in step 7 and 9 processing delay follows RAN2’s decision, which should be lower than those for LTE
Proposal 2. There should be the same principle to average waiting time for transmission slot alignment as that in UP latency calculation
Proposal 3. Processing delay in step 5 should follow the agreed delay time in RAN1; Processing delay in step 3 should follow the agreed delay time in RAN4 while before Δ in 38.133 is agreed, PUSCH preparation time can be assumed for simplicity
Proposal 4. One of evaluated preamble format is Format B1 and UL/DL configuration should be reported by companies
Initial evaluation results
Based on the above assumption, in this contribution, we provide the following analysis for NR FDD and TDD. It is also noted that this analysis is focused on low frequency range, e.g., below 6GHz. Considering that for RACH below 6GHz, for short preamble format,  15kHz and 30kHz SCS are supported. For simplicity, the SCS of 15kHz and 30kHz during this preliminary self evaluation procedure are considered, i.e. corresponding for all transmissions. For high frequency range (above 24 GHz), beam management needs to be taken into account further, which might introduce additional latency. The preliminary evaluation results are provided for FR1 only in this contribution.
According to the companion contribution [5] “For DL user plane latency evaluation, 2/4/7-os mini-slot for PDSCH mapping type B and 3/4/7/14-os mini-slot/slot for type A can be evaluated. For UL user plane latency evaluation, 2/4/7/14-os mini-slot/slot for PUSCH mapping type B and 4/7/14-os mini-slot/slot for type A can be evaluated”, in this contribution , the 4/7-os mini-slot are selected for preliminary evaluation. Also, PRACH format B1 is considered , the duration of Format B1 is two symbol.
FDD evaluation results
For FDD, according to [3], PRACH configuration 196 can be used. PRACH slots containing preamble B1 can be configured in every UL slot, and there can be 7 PRACH occasions configured in one PRACH slot.
Table 3‑1 Random access configurations for FR1 and paired spectrum/supplementary uplink
	PRACH Configuration Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	
, number of time-domain PRACH occasions within a RACH slot
	
,
PRACH duration

	
	
	

	

	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	196
	B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7
	2



The CP latency is calculated as following:
Table 3‑2     Total delay with FDD configuration (ms)
	SCS
	Mapping Type
	4 OS non-slot
	7 OS non-slot

	15kHz
	Type A
	13.25 
	14.32 

	
	Type B
	10.49 
	11.80 

	30kHz
	Type A
	11.02 
	11.55 

	
	Type B
	9.32 
	9.97 



According to the table shows, in CP latency for NR FDD can reach the ITU requirement .
Observation 1: The control plane latency for NR FDD can reach the ITU requirement.
TDD evaluation results
For TDD, two UL/DL configurations are considered: DDSUU and DU. For the “S” slot in DDSUU configuration, slot format with 11 DL symbols and 3 UL symbols is assumed.
For UL/DL configuration 1, PRACH configuration 134 is used. For UL/DL configuration 2, PRACH configuration 150 and 149 are used for 15kHz and 30kHz respectively. PRACH slots containing preamble B1 can be configured in every UL slot.
Table 3‑3 Random access configurations for FR1 and unpaired spectrum
	PRACH Configuration Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	
, number of time-domain PRACH occasions within a RACH slot
	
,
PRACH duration

	
	
	

	

	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	134
	B1
	2
	1
	2,3,4,7,8,9
	2
	1
	6
	2

	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



The CP latency are calculated as following:
Table 3‑4 Total delay with TDD configuration1 (ms)
	SCS
	Mapping Type
	4 OS non-slot
	7 OS non-slot

	15kHz
	Type A
	18.44 
	19.51 

	
	Type B
	16.54 
	18.19 



Table 3‑5 Total delay with TDD configuration2 (ms)
	SCS
	Mapping Type
	4 OS non-slot
	7 OS non-slot

	15kHz
	Type A
	15.79 
	16.86 

	
	Type B
	13.89 
	15.54 

	30kHz
	Type A
	12.36 
	12.90 

	
	Type B
	11.41 
	12.24 



According to the above table shows, in both DDSUU and DU configurations, the CP latency can satisfy the ITU requirement in NR TDD.
Observation 2: The control plane latency for NR TDD can reach the ITU target .
Conclusion
In this contribution, analysis on evaluation method of CP latency is provided. There are following proposals:
Proposal 1. L2 and RRC in step 7 and 9 processing delay follows RAN2’s decision, which should be lower than those for LTE
Proposal 2. There should be the same principle to average waiting time for transmission slot alignment as that in UP latency calculation
Proposal 3. Processing delay in step 5 should follow the agreed delay time in RAN1; Processing delay in step 3 should follow the agreed delay time in RAN4 while before Δ in 38.133 is agreed, PUSCH preparation time can be assumed for simplicity
Proposal 4. One of evaluated preamble format is Format B1 and UL/DL configuration should be reported by companies
In this contribution, we evaluate the control plane latency, we have following observations:
Observation 1: The control plane latency for NR FDD can reach the ITU target .
Observation 2: The control plane latency for NR TDD can reach the ITU target .
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