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1	Introduction
The inception of new RRC state for 5G systems has been on-going for quite some time and was widely discussed in the previous RAN2 meetings [1] [2]. The requirements and benefits of introducing a new state has evidently been noticed by 3GPP partners, and agreements reached based upon the proposals made in [3] and [4]. Although the characteristics of the new state has been explicitly mentioned in [3], yet a fundamental aspect is to investigate the fulfilment of NR control plane latency requirement of 10 ms or less. Based on this and in continuation with our previous contribution, this paper examines the CP signalling in the new state and demonstrates a reduction in the latency when compared to existing telecommunication systems. Some of agreements from the previous RAN meeting [5]: 
Agreements:
1: 	RRC states with significantly overlapping characteristics should be avoided. 
2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

Agreement
1	One UE has only one NR RRC state at one time.
2	The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
FFS whether the “new state” can be transparent to Core.
3	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.
FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)
4:. 	For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 
FFS how CN location updates and RAN updates interact, if needed
 
2	New RRC state for NR 
A new RRC state has been proposed for 5G systems. Some of its main attributes has already been described in [3] [4]. Whereby, one of the key characteristic feature is to retain the connections between the RAN and the CN as shown in Figure 1. Figure 2 illustrates the EMM state transition diagram for NR. 

 
Figure 1. Illustration of the RRC and C-Plane connections in three different states
As can be noticed in Figure 1, during the suspension of RRC connection in the new state, the RAN and core network connections are retained. It is expected that retaining the RAN-CN connections will reduce the overall C-plane signalling in NR.

Figure 2. RRC state with EMM state transition for NR [3]
3	Control Plane Latency
3.1	C-plane latency in LTE system
Choosing the previous releases as the baseline, it was shown in release 13 that a transition time of 50 ms was required for state change from Idle to Connected state. The various steps followed for this signalling flow is illustrated in Figure 3 [6]. 


Figure 3. Signalling from Idle to Connected state [6]
Based on this, table 1 illustrates the time taken for each of these steps in LTE systems.
Table 1. Transition time from Idle to Connected mode [6]
	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



3.2	C-plane latency in NR 
Using the LTE C-plane latency steps as the basis, the CP latency evaluation is done for 5G systems. Here, the realization is made on the assumption that the UE context is stored in RAN during the inactive state which includes the storage of AS and NAS security context information, with the mobility and reachability functions taken care. Hence, in such conditions the UE connection can be easily established for example by Resume procedure, which can reduce the overall signalling latency. Also, assuming that there will be shortening of 5G sub-frames and faster UE and node processing capabilities, there can be further reduction in the overhead time required to change from the new inactive state to fully connected RRC state in NR systems.  


Figure 4. Signal flow diagram in the new state for NR (without context fetch)


Figure 5. Signal flow diagram in the new state for NR (with context fetch)
The above signal flow diagrams can be appropriately mapped to (Table 2 and 5) showing the latency calculations for each of these steps. The calculations are made on the following assumptions:
· The delay from receiving RAR after sending preamble in 3 subframes (3 TTIs)
· PRACH cycle in one subframe (1 TTI) 
· The transmission delay over the Uu interface is scaled to shortened TTI lengths of (0.25 and 0.5 ms)
· In addition, it was decided in the previous RAN meetings that there would be enhanced base stations for next generation radio systems. It is assumed that the next generation eNB or more precisely gNB will have greater processing capabilities. Consequently, requiring an increase in the processing speed of the UE to match the fast processing pace of the gNB.   
Observation 1: The next generation eNB or gNB will have enhanced features, greater processing capabilities and faster speeds.    
Table 2 Transition time from “new state” to Connected (without context fetch)
	Component (NR)
	Description
	TTI 0.25ms
	TTI 0.5ms
	TTI 1ms
	Note

	1
	Average delay due to RACH scheduling period
	0.125
	0.25
	0.5
	

	2
	RACH Preamble
	0.25
	0.5
	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)
	0.75
	1.5
	3
	

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	1.25
	1.25
	1.25
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	6
	Transmission of RRC Connection Resume Request
	0.25
	0.5
	1
	

	7
	Processing delay in gNB (L2 and RRC)
	1
	1
	1
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	8
	Transmission of RRC Connection Resume (and UL grant)
	0.25
	0.5
	1
	

	9
	Processing delay in the UE (L2 and RRC)
	3
	3
	3
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	10
	Transmission of RRC Connection Resume Complete
	0.25
	0.5
	1
	

	
	Total delay [ms]
	7.125
	9
	12.75
	



As can be noticed from the above table, a transition time of 7.125ms, 9ms and 12.75ms can achieved for different TTI lengths. This is on condition that the UE stays in the same serving cell without counting the context fetch procedure. 
Observation 2: The LTE Rel13 RRC Connection Resume procedure could be used as a baseline to establish UE connection from inactive to fully connected RRC state.
Proposal 1: The relevant context information should be stored in the RAN for fast state transition from inactive to connected state.   
The UE context fetch procedure can obviously be avoided, if the UE is continued to be served by the same gNB during the inactivity period. The transmission latency over X2 interface heavily depends on the backhaul delay. A categorization of non-ideal backhaul and good to ideal backhaul is provided in [7], as can be shown in table 3 and 4. 



Table 3 Categorization of non-ideal backhaul [7]
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	[bookmark: _Hlk340808864]Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1



Table 4 Categorization of good to ideal backhaul [7]
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber
	2-5ms
	50M-10Gbps
	1



Therefore, if UE moves from the serving gNB to a new gNB, the X2 transfer latency and the processing delay for retrieving the UE context must be taken into consideration, which can vary depending upon its deployment. The transition delay will increase when the context fetch is taken into consideration as shown in Table 5.
Table 5 Transition time from “new state” to Connected (with context fetch)
	Component (NR)
	Description
	TTI 0.25 ms
	TTI 0.5 ms
	TTI 1 ms
	Note

	1
	Average delay due to RACH scheduling period
	0.125
	0.25
	0.5
	

	2
	RACH Preamble
	0.25
	0.5
	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)
	0.75
	1.5
	3
	

	5
	UE processing delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	1.25
	1.25
	1.25
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	6
	Transmission of RRC Connection Resume Request
	0.25
	0.5
	1
	

	7
	Processing delay in gNB (Uu -> X2-C)
	1
	1
	1
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	8
	X2 Context RetriveTransfer delay
	5/30
	5 / 30
	5/30
	The transferring delay over X2 depends on the backhaul deployment, the average latency from table 3 and table 4 are used.

	9
	Processing delay in gNB (including the UE context retrieval)
	10
	10
	10
	

	10
	X2 Context Retrieval Transfer delay
	5/ 30
	5/30
	5/30
	The transferring delay over X2 depends on the backhaul deployment, the average latency from table 3 and table 4 are used.

	11
	Processing delay in gNB (X2-C->Uu)
	1
	1
	1
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	12
	Transmission of RRC Connection Resume (and UL grant)
	0.25
	0.5
	1
	

	13
	Processing delay in the UE (L2 and RRC)
	3
	3
	3
	Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR

	14
	Transmission of RRC Connection Resume Complete
	0.25
	0.5
	1
	

	
	Total delay (ms)
	28.125/78.125
	30/80
	33.75/83.75
	



Proposal 2: If the UE selects a new gNB during inactivity, then the X2 transfer latency and processing delay for retrieving the UE context information should be taken in account for future C-plane latency calculations.
Preparation of UE Context to the potential target cells within the tracking area configured for UE inactivity could be used to lower the CP latency.
Proposal 3: It is proposed to have study methods which enable fast state transition from new inactive state to connected state when the UE is allowed to move inside the configured tracking area without updating the cell level location.
4     Conclusion 
In continuation with our previous contribution; by choosing the LTE procedures as the baseline system and based on some very important assumptions on the processing speeds of UE and gNB, the C-plane latency calculations are made for the transition from new inactive state to Connected state. As analysed in section 3, it can be remarked that the stringent C-plane latency of 10 ms can be achieved, if the UE resumes its connection with the serving eNB. However, additional delay of (20-70ms) may be encountered during context fetch depending upon the X2 backhaul deployment. Therefore, it can be said that a latency requirement of 10 ms can be achieved if the UE can avoid the context fetch procedure, thereby going through the cell update process only when reselecting a new cell. 
The system design and requirements for NR radio are ongoing with clarification required on various aspects like physical layer frame structure design, determining the overall latency, evaluating the processing capabilities of UE and gNB, and also the backhaul requirements. Additionally, the potential optimization of the LTE Suspend and Resume signalling procedure should be studied to improve the control plane performance of NR.
A summary of the main observations and proposals made in this contribution:
Observation 1: The next generation eNB or gNB will have enhanced features, greater processing capabilities and faster speeds.
Observation 2: The LTE Rel13 RRC Connection Resume procedure could be used as a baseline to establish UE connection from inactive to fully connected RRC state.
Proposal 1: The relevant context information should be stored in the RAN for fast state transition from inactive to connected state.   
Proposal 2: If the UE selects a new gNB during inactivity, then the X2 transfer latency and processing delay for retrieving the UE context information should be taken in account for future C-plane latency calculations.
Proposal 3: It is proposed to have study methods which enable fast state transition from new inactive state to connected state when the UE is allowed to move inside the configured tracking area without updating the cell level location.
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