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Abstract— Standardization work for the 5th Generation of mobile communications (5G) is under way in the 3rd Generation 

Partnership Project (3GPP). The design of the User Equipment (UE) state machine is one of the central questions related to the 

overall control plane design. In this paper, we present a state machine for 5G that consists of a novel Radio Resource Control (RRC) 

Connected Inactive state in addition to the conventional RRC Idle and RRC Connected states. In RRC Connected Inactive, the UE 

Context is stored in the UE and in the network, and the connection between the Radio Access Network (RAN) and the Core Network 

(CN) is kept active to minimize control plane latency and UE power consumption during state transition. In addition, RRC 

Connected Inactive is configurable so that requirements of diverse 5G use cases can be fulfilled without increasing the overall 

number of RRC states. Performance analysis shows that RRC Connected Inactive can achieve up to 8x latency improvement, 5x 

power efficiency and 3.5x signaling overhead reduction, when compared to Long Term Evolution (LTE) RRC Idle. 

Keywords—5G; Mobility; Control plane; Radio resource control; State machine; RRC state transition 

I.  INTRODUCTION  

The design of the control plane for the 5th Generation of mobile communications (5G) is ongoing in standardization. One of the 

important control plane topics is the mobility framework, which consists of the state machine design for the Radio Access Network 

(RAN). State machine design for 5G RAN is challenging due to the high number of 5G use cases, which have divergent and 

sometimes contradictory requirements. For example, there are more than 50 use cases identified for 5G in 3rd Generation Partnership 

Project (3GPP) [1].  

In the Universal Mobile Telecommunications System (UMTS), the state machine consists of one idle mode state and four 

connected mode states [2]. The idle mode is optimized for low consumption of power and network resources. No User Equipment 

(UE) RAN context is stored in the UE nor in the network. The connected mode states are optimized for high UE activity and fast 

connection re-establishment. Accordingly, both the UE and the network store the UE’s RAN context. However, the high number 

of Radio Resource Control (RRC) states, some with significantly overlapping characteristics, is complex to implement and increases 

the standardization effort. 

The initial release of Long Term Evolution (LTE) scaled down the number of RRC states to two, RRC Idle and RRC Connected 

[3]. The state machine is optimized for the Mobile Broadband (MBB) use case, as was the overall LTE design. RRC Idle is optimized 

for low consumption of power and network resources. The UE’s Access Stratum (AS) context is discarded from the network and 

the UE upon transition to RRC Idle. RRC Connected is optimized for high UE activity. However, the state machine is inefficient 

for infrequent transmissions of small packets due to the heavy signaling procedure required for RRC Idle to RRC Connected 

transition [4]. Several studies have been conducted in 3GPP to tackle the problem, as an independent study item [5] and as part of 

Narrow Band (NB) Cellular Internet of Things (C-IoT) study [6]. 

RRC Suspended is introduced in LTE release 13 for NB C-IoT [7]. The objective of this state is to minimize the state transition 

signaling overhead for NB C-IoT devices. To achieve this, part of the UE AS context, e.g. AS security context, is stored in the UE 

and the RAN during RRC Suspended. The Data Radio Bearer (DRB)/Signaling Radio Bearer (SRB) configurations are released, 

which requires re-establishment during state transition. For this purpose, an RRC Resume procedure is introduced where 

DRBs/SRBs are re-established and security is reactivated. RRC Suspended to RRC Connected state transition procedure is lighter 

than the RRC Idle to RRC Connected transition, which reduces the signaling overhead over the air interface. However, the 

RAN/Core Network (CN) connection is torn down during transition to RRC Suspended. Thus, RRC Suspended does little to reduce 

the signaling overhead over the RAN/CN interface during state transition. The re-establishment of the RAN/CN interface also 

constitutes a significant contribution to the overall control plane latency.  

To further lighten the state transition procedure, especially from the RAN/CN interface perspective, a work item for a Light 

Connected state is ongoing for LTE [8]. Based on high-level agreements, the CN/RAN connection is kept in addition to storing part 

of the UE’s AS context in Light Connected, to allow faster and lighter state transition compared to RRC Suspended to RRC 

Connected transition.  

According to high-level agreements during the 3GPP study item phase for New Radio (NR) [9], the state machine for 5G consists 

of three states: RRC Idle, RRC Connected and RRC Inactive. The high-level characteristics of RRC Inactive are similar to LTE’s 

Light Connected. However, RRC Inactive is expected to have more features such as support for small data transmission without 

state transition to RRC Connected and inactive mode inter-NR/LTE mobility, which will be studied for release 16 along 



 

 

optimizations for fast system access, paging, location tracking, etc, as summarized in Table 1. Stage-3 details of RRC Inactive with 

basic features and Light Connected are expected to be completed for release 15.

In this paper, we propose a state machine for 5G RAN that consists of RRC Idle and RRC Connected, and a novel RRC Connected 

Inactive state1. Among the characteristics of RRC Connected Inactive are a) the UE AS context is kept in the UE and the network, 

b) the CN/RAN connection is kept, c) UE mobility is based on cell reselections, and d) the behavior of a UE in this state is 

configurable based on the service requirements of the UE [10][11]. The configurability of RRC Connected Inactive is a key feature 

to serve UEs with divergent service requirements with a single flexible low activity state rather than having multiple low activity 

states optimized for each use case. We also present a RRC Connected Inactive to RRC Connected state transition procedure with 

novel features that enable fast first packet transmission and inter-5G/LTE mobility in inactive mode. Performance analysis shows 

that RRC Connected Inactive outperforms RRC Idle in terms of latency, signaling overhead and UE power consumption.  

The paper is organized as follows. Section II discusses the lessons that can be learnt from state handling in existing systems. 

Section III describes the overview of a state handling mechanism for 5G.  The motivations on the need for configurable state is 

presented in Section IV. Section V explains RRC Connected Inactive to RRC Connected state transition procedure with novel 

features for fast first packet transmission and enabling tight LTE/5G interworking. Section VI discusses the performance of RRC 

Connected Inactive. Section VII concludes the discussion. 

 

Table 1: Comparison of topics to be addressed in NR RRC Inactive release 15 and release 16 with the topics addressed in 

the proposed RRC Connected Inactive. Note that other potential optimizations, e.g. paging signaling optimization, location 

update signaling optimization, configurability to address diverse use cases, will also be addressed in release 16. 

Topics RRC Inactive release 15 
RRC Inactive 

release 16 

RRC Connected 

inactive 

Basic characteristics 

description 
✓ ✓ ✓

Basic connection control  ✓ ✓ ✓

Small data transmission 

optimization 
 ✓ ✓

Fast system access 

optimization 
 ✓ ✓

Autonomous inter-RAT cell 

reselection 
 ✓ ✓

Multi-connectivity setup during 

state transition 
 ✓ ✓

II. LESSONS FROM STATE HANDLING IN EXISTING CELLULAR SYSTEMS 

Several lessons can be learnt from the state handling mechanism in existing systems. One lesson from UMTS state handling is 

to avoid RRC states with significantly overlapping characteristics. As shown in Table 2, the connected mode states CELL_FACH, 

CELL_PCH and URA_PCH have similar characteristics with minor differences, targeting different levels of UE power consumption 

[2]. For example, CELL_PCH and URA_PCH have similar characteristics except that the UE location is tracked on a cell level in 

CELL_PCH, while on the level of a group of cells in URA_PCH. Thus, URA_PCH leads to lower UE power consumption and 

location update signaling overhead. Considering the high number of 5G use cases, aiming at having multiple states, each optimized 

for different use cases, requires complex implementation and excessive standardization effort. 

Another lesson that can be learnt from state handling in UMTS and LTE is that storing UE AS context in the UE and the network 

during low activity reduces the state transition latency and signaling overhead. Thus, it is crucial to have at least one such low 

activity state. It is also important to limit the use of a low activity state where no UE AS context is stored in the UE and the network 

to be a bootstrap or fault recovery state. 

Another lesson that can be learnt from LTE state handling is that the re-establishment of the RAN/CN interface contributes a 

significant component to the overall control plane latency. For example, re-establishing RAN/CN connection contributes up to 68 

% of the overall control plane latency in LTE [12]. Therefore, it is important to maintain the RAN/CN connection during low 

activity state.  

III. RRC STATE MACHINE FOR 5G 

We propose a state machine for 5G RAN that consists of RRC Idle, RRC Connected and a novel RRC Connected Inactive, see 

Figure 1. RRC Connected is optimized for high UE activity and has similar characteristics to LTE’s RRC Connected, e.g. UE AS 

                                                           
1 Part of the paper is presented in IEEE International Conference on Communications Workshops (ICCW) 2016 [10], where we 

introduced RRC Connected Inactive, and Global Wireless Submit (GWS) 2016 [11].  



 

 

context is stored in the network and the UE, and mobility is network controlled. In RRC Idle, the UE AS context is stored in neither 

the network nor the UE. The use of this state should be limited, it should only be used as a bootstrap state during power on and as 

a fault recovery state. RRC Connected Inactive is proposed as the main low activity state. 

Table 2: Comparison of RRC states in UMTS 

 

Some of the characteristics of RRC Connected Inactive are 

▪ The RAN/CN connection is kept, which reduces state transition latency and signaling overhead over the RAN/CN interface. 

▪ UE AS context, e.g. AS security context and DRB/SRB configurations, is stored in the UE and in the RAN.  This is crucial 

to reduce state transition latency and signaling overhead over the air interface. 

▪ UE mobility is based on autonomous cell reselection, where UE may move within its tracking area without updating its 

location. This leads to lower UE power and network resource consumption, compared to network controlled mobility. Paging 

is used to reach the UE.  

▪ UE behavior in RRC Connected Inactive state is configured based on the requirements of the applications running in the 

UE. This can be achieved by providing a service tailored configuration to the UE, e.g. using a dedicated RRC message that 

transitions the UE to RRC Connected Inactive.  

 

RRC 

Connected

RRC 

Connected 

Inactive

Disconnected/

IDLE

RRC Inactivate

Connection failure

Attach, 

RRC Connect

Power up

De-registered

RRC Activate

Registered, Connected

Detach, 

RRC Release

Connection failure

 
Figure 1: Potential state model for the 5G radio access network 

 

In general, the memory requirement to store the UE AS context and RAN/CN connection configuration is not critical in a 

centralized deployment as memory capacity is scalable. It may not be critical in a distributed deployment either. For example, with 

UMTS State  Mobility Procedure Monitoring 

Dedicated 

Physical Channels 

DL Channel 

Monitoring 

Location 

Update 

Uplink 

Activity 

Allowed 

Storage of 

RAN 

Context  

CELL_DCH Network controlled 

handover 

Yes Continuous 

(DCH) 

Active set 

update 

Yes Yes 

CELL_FACH Cell reselection  No Continuous 

(FACH) 

Cell update Yes Yes 

CELL_PCH Cell reselection No Discontinuous 

with DRX 

(PCH) 

Cell update No Yes 

URA_PCH Cell reselection No Discontinuous 

with DRX 

(PCH) 

URA 

update 

No Yes 

IDLE Cell reselection No - - - No 

 

 

 



 

 

an expected size of up to 65 KB of UE AS context, based on the size of HandoverPreparationInformation message [7], storing the 

UE AS context of around 15,000 UEs requires only 1 GB of memory. 

IV. ON THE NEED FOR CONFIGURABILITY OF RRC CONNECTED INACTIVE 

The need for configurability of RRC Connected Inactive is motivated through several factors that require flexibility and 

programmability such as diverse requirements of 5G use cases, future proofness and quick time to market requirements for new 

services. 

A. Diverse requirements of 5G use cases  

5G use cases have highly diverse and sometimes contradictory requirements in terms of, e.g., mobility, security & privacy, 

reliability, bandwidth, latency, battery life, etc. [1]. For example, the E2E latency requirement (which may need to be complemented 

by a state transition latency requirement) varies from <1ms for use cases requiring ultra-low latency such as automated driving to 

latencies in the order of seconds for ‘Massive low-cost/long-range/low-power Machine Type Communication (MTC)’ use cases. 

Battery life requirements are irrelevant for, e.g., automated driving where the device can get unlimited power from the car; whereas 

for battery operated devices it ranges from three days for smartphones to 15 years for low-cost MTC device. Similar requirement 

diversity can also be observed in terms of, e.g., mobility, reliability and bandwidth. 

RRC Connected Inactive needs to be configurable so that UE behavior during low activity is adjusted according to its service 

requirement. In [11], several configurable procedures are discussed that tune the behavior of a UE in RRC Connected Inactive, e.g., 

configurations for Discontinuous Reception (DRX), measurement, paging and location tracking, small data transmission, state 

transition, etc. For example, a static massive MTC (mMTC) device with 15 years of battery life requirement can be configured with 

very long DRX cycles, e.g. in hours or days, not to perform idle mode measurement, and to use contention based small packet 

transmission. On the other hand, an MBB UE may be configured with short DRX cycles, idle mode measurements for cell 

reselection, and to transition to RRC Connected to transmit data. Thus, there is no need for two independent inactivity states, one 

optimized for mMTC device and another for MBB UE. RRC Connected Inactive can handle the low activity state of a wide range 

of 5G devices and UEs without increasing the number of RRC states. 

B. Future proofness and quick time to market 

It is not possible to predict all the 5G use cases that may arise from IoT, for example. The 5G use cases listed in [1] are not meant 

to be exhaustive. They rather serve as a tool to ensure that the level of flexibility required in 5G is well captured. Thus, future 

proofness should be a key criterion for 5G design.  

Adapting the state handling of a new service to a static and highly standardized state handling mechanism might compromise the 

desired performance of the use case. Yet, modifications to a standardized functionality have proven in many cases to be complex 

and slow. If standardization of a new state handling and transition mechanism is required for a new service, time-to-market is 

prolonged. This may require the 5G state handling model to have a room for proprietary solutions so that new services can enter 

the market quickly. 

The configurability of RRC Connected Inactive ensures that a level of future proofness can be achieved and new services can 

enter the market quickly. The behavior of a UE in RRC Connected Inactive can be tuned using standardized mechanisms such as 

DRX, and non-standardized solutions, e.g. for effectively collecting information from sensors. Thus, the network can configure 

devices with a new service using a combination of solutions and parameters that fulfil its requirements. If there is room for tuning, 

UEs with new services whose requirements cannot be met with standardized solutions can enter the market quickly. However, such 

flexibility comes at the cost of implementational complexity. The upside is that the complexity resides on the network side. 

V. STATE TRANSITION PROCEDURES  

The state transition between RRC Idle and RRC Connected is assumed to follow the same procedure as in LTE.  No special 

signaling procedure might be required for RRC Connected Inactive to RRC Idle transition. RRC Connected to RRC Connected 

Inactive transition can be achieved using a procedure similar to LTE’s RRC Release procedure or RRC Reconfiguration procedure, 

where the signaling that orders the UE to move to RRC Connected Inactive includes a service tailored configuration [11].  

RRC Connected Inactive to RRC Connected transition is initiated when UE has data to transmit, received a paging message, etc. 

The state transition procedure can be implemented using a three-way message exchange, e.g. like the RRC Resume procedure [6]. 

It may also be optimized to use only two messages. Due to UE autonomous cell reselection procedure, the state transition may occur 

in the anchor gNB or a new gNB that does not have the UE context. If the state transition occurs in the anchor gNB, it is faster and 

has lower signaling overhead as the UE context is already available in the anchor gNB. 

However, when the transition occurs in a new gNB, it introduces additional control plane latency and signaling overhead if UE 

context is not proactively prepared in the new gNB. If the RRC connection needs to be reestablished before data transmission can 

be started, like in LTE, the latency due to context fetching contributes significantly to the overall control plane latency. The signaling 

overhead due to context fetching and RAN/CN connection relocation is also significant especially if the UE transmits only a small 

packet. One way to tackle the problem is to proactively prepare UE context throughout UE’s RAN notification area, a list of cells 

where UE may move without updating its location. However, this may not be feasible due to high memory consumption and 



 

 

signaling overhead for large RAN notification areas. Therefore, other optimization approaches are required for state transition in a 

new gNB to minimize the control plane latency and signaling overhead impact. 

We propose an RRC Connected Inactive to RRC Connected state transition procedure in a new gNB as shown in Figure 2. The 

state transition is defined over the logical link between the UE and the anchor gNB, unlike the conventional approach where it is 

defined over the radio interface between the UE and the new gNB. That is, the RRC Activation Request message is forwarded to 

the anchor gNB, and it is up to the anchor gNB’s decision how to respond to the request, e.g. whether to relocate the serving gNB 

role to the new gNB. The state transition procedure also decouples the User Plane (UP) data transmission from the procedure to re-

establish the RRC connection. These approaches have several advantages as discussed below. 

A. Small packet relaying  

The network may configure devices that intermittently transmits small packets for contention based small data transmission. If 

such a device initiates a state transition with a small packet included in RA message 3, the anchor gNB may decide not to re-

establish the RRC connection, and thus not to initiate context transfer to the new gNB nor RAN/CN connection relocation, as shown 

in Figure 2a. The anchor gNB rather sends an indication to the device to remain in RRC Connected Inactive in RRC Activate 

message. This avoids signaling overhead and additional latency due to anchor gNB relocation. Such small data transmission without 

state transition and anchor gNB relocation is beneficial, especially, when a UE is moving as the UE is likely to move out of the new 

gNB anyway.  

B. Establishing multi-connectivity during state transition  

When a UE initiates a state transition in a new gNB, it may also be located under the coverage of the anchor gNB, especially in 

a heterogeneous deployment scenario. In such situation, the anchor gNB may decide to reactivate the RRC connection between the 

UE and the anchor gNB as a Master RRC (M-RRC) connection and add a Slave RRC (S-RRC) connection between the UE and the 

new gNB, as shown in Figure 2b. The anchor gNB transfers all the necessary S-RRC context information to the new gNB if the 

context is not already stored in the new gNB. Note that the new gNB becomes a secondary gNB (S-gNB). Such an approach allows 

a quick multi-connectivity setup during state transitions so that the UE can immediately start utilizing radio resources from multiple 

cells after transitioning to RRC Connected. 

C. Fast system access  

When a UE receives an IP packet from the application layer, it already has security keys and parameters required to encrypt the 

packet for transmission over the radio interface. Therefore, in principle, the UE can start UP transmission before an RRC connection 

is established if the new gNB grants radio resources to the UE. One example to achieve this is shown in Figure 2c. The UE includes 

its Buffer Status Report (BSR) in RA message 3, which is a MAC PDU, multiplexed with RRC control PDU. The new gNB grants 

radio resources to the UE according to the received BSR, while re-establishing the RRC connection.  

However, as the new gNB does not have the UE context and the anchor gNB is yet to verify the UE, there must be a mechanism 

to mitigate granting resources to malicious UEs. One approach is to use a two-level authentication process. An authentication token 

prepared using a security key valid over a group of gNBs, referred as initial authentication token, can be used. The new gNB verifies 

the UE using the initial authentication token before granting resources for UP transmission. When the anchor gNB receives the 

RRC Activation request, it verifies the UE using the authentication token prepared using a UE specific key. The new gNB buffers 

the received UP data during state transition. Once it receives the UE context from the anchor gNB, it deciphers and forwards the 

data to the CN. 

D. Inter-LTE/5G inactive mode mobility support  

Supporting autonomous inter-Radio Access Technology (RAT) cell reselection, more specifically between LTE connected to 

5G CN and NR, minimizes UE power consumption and increases the usability of RRC Connected Inactive. This requires extending 

the notification area coverage to include cells from LTE and NR. However, this will be challenging to implement if LTE does not 

support RRC Connected Inactive--a UE would be required to autonomously change its RRC state to an equivalent state, e.g. Light 

Connected. With the proposed state transition approach, LTE does not necessarily need to support RRC Connected Inactive, it 

rather needs to know how to forward an RRC Activation request to anchor gNB. This can be done by including a RAT ID as part 

of resumeID, which currently includes anchor gNB ID and UE context ID, assuming the resume ID encoding is shared between the 

RATs. Upon receiving the RRC Activation Request, the anchor gNB decides whether to initiate RAN/CN connection relocation in 

the same manner as inter-gNB, intra-RAN state transition.    

 



 

 

 

UE gNB Anchor gNB CN
1. RA preamble

2. RA response

3. RRC Activation Request (Auth. 

Token, resume id, UP data, indication bits)
4. RRC Activation Request (Auth. 

Token, resume id, UP data, indication bits)

7. RRC Inactivate (Auth. Ack, config.)
6. UP data

8. RRC Inactivate (Auth. Ack, Config.)

5. Verify UE, decipher 

UE data

a) Small packet relaying

3. RRC Activation Request (Auth. 

Token, resume id) + Resource Request 

(Ini. Auth. Token, BSR) 4. RRC Activation Request (Auth. 

Token, resume id)

13. RRC Activate (Auth. Ack, Config.)

6. Verify UE based on Auth. 

Token, initiate PDCP, RRC, NG 

connection relocation

5. Verify UE based on Ini. Auth. Token

7. Resource Grant

8. UP data

9. Buffer UP data

10. UE context transfer (Security 

info., config., etc)

11. Decipher buffered UP data

12. UP data

14. Path switch request

c) Fast system access with two level authentication

3. RRC Activation Request (Auth. 

Token, resume id, ...) 4. RRC Activation Request (Auth. 

Token, resume id, ...)

6. RRC Activate (Auth. Ack, ...)

7. S-gNB Addition Request 

(Security info., Xn tunnel info., ...)
8. RRC Activate (Auth. Ack, ...)

9. S-RRC Establishment Request (S-

RRC config., ...)

10. RRC Activation Complete

11. S-RRC Establishment Response

13. S-gNB Addition Response 
(Xn tunnel info., ...)

12. RRC Activation Complete

5. Verify UE, decides to keep the RRC 

connection between UE and anchor 

gNB as master RRC, and create a 

slave RRC between UE and new gNB

b) Multi-connectivity setup during state transition

 
Figure 2: RRC Connected Inactive to RRC Connected transition from a new gNB. Note that RRC Activation Request 

consists of an authentication token prepared using UE specific key. It may optionally include an authentication token 

prepared using non-UE specific key that works in a group of gNBs. 



 

 

VI. PERFORMANCE ANALYSIS 

Here, the performance of RRC Connected Inactive is assessed in terms of signaling overhead, control plane latency and UE 

power consumption. The performance of LTE’s RRC Idle and RRC Suspended are taken as baseline. 

A. Signalling overhead 

The state transition signaling overhead is an important Key Performance Indicator (KPI) considering the high number of 

applications that transmit small packets. The state transition from RRC Idle to RRC Connected involves 9, 3, 2 messages over air, 

the S1, and S11 interfaces, respectively [13]. On the other hand, the transition from RRC Suspended requires 5, 2, 2 messages, 

correspondingly [6]. However, only 4 messages over the air interface are required for state transition from RRC Connected Inactive 

to RRC Connected as the RAN/CN connection is kept. This leads to an overall state transition signaling overhead reduction of 71% 

and 55% when compared to RRC Idle and RRC Suspended, respectively.  

Although most state transitions occur in the anchor gNB, they may also occur in a new gNB. This may lead to additional 

signaling due to context fetching and RAN/CN connection relocation. As a result, the signaling reduction is smaller, 43% and 27% 

when compared to RRC Idle and RRC Suspended, if context fetching and RAN/CN connection relocation are required. 

B. Control plane latency 

Control plane latency is the time interval from the first message in a power efficient state to the time a UE starts to transmit UP 

data [13]. In LTE, the control plane latency equals the state transition latency, i.e. the time interval for a UE to transition from a low 

activity state to RRC connected —an LTE UE can only transmit data in RRC Connected. However, control plane latency in RRC 

Connected Inactive is not necessarily the same as the state transition latency due to the decoupling of data transmission and RRC 

connection reestablishment as discussed earlier in Section V. For example, a UE configured for small data transmission can transmit 

small data during state transition piggybacked to RRC Activation request message. Similarly, a UE with large first packet that 

initiates a state transition in a new gNB can start data transmission in RA message 5 before the UE context is fetched to the new 

gNB and the RRC connection is reestablished. The 5G RRC state machine is required to have at least one power efficient state with 

a control plane latency of 10 ms [13]. 

 

Table 3: Summary of processing and transmission latencies based on values for LTE [13]. T_S1 indicates the RAN/CN 

interface transfer delay, which may vary from 2 to 15 ms depending on the transmission media used. 

Description [ms] 

Average delay due to RACH scheduling period 0,50 

RACH Preamble 1,00 

Preamble detection and transmission of RA response (Time between the 

end RACH transmission and UE’s reception of scheduling grant and 

timing adjustment) 

3,00 

UE Processing Delay (decoding of scheduling grant, timing alignment 

and C-RNTI assignment + L1 encoding of RRC Connection Request) 
5,00 

Transmission of RRC message between UE and eNB/gNB over air 

interface 
1,00 

Processing delay in eNB (L2 and RRC) 4,00 

Processing delay in the UE (L2 and RRC) 15,00 

Processing delay in eNB (RAN/CN interface message) 4,00 

RAN/CN interface transfer delay T_S1 

MME Processing Delay (including UE context retrieval of 10ms) 15,00 

Transmission of RRC Security Mode Command and Connection 

Reconfiguration (+TTI alignment) 
1,50 

Processing delay in UE (L2 and RRC that includes 

RRCConnectionReconfiguration)  
20,00 

 

The average control plane latency for RRC Connected Inactive is compared with that of RRC Suspended and RRC Idle in Figure 

3a. Performance can be analyzed combining average state transition, processing and RACH latencies with analysis of the state 

transition diagrams for RRC Idle [13], RRC Suspended [6], and RRC Connected Inactive (Figure 2). For fair comparison, the 

average state transition, processing and RACH latencies are obtained based on the values for LTE, with the assumption of a 1 ms 

Transmission Time Interval (TTI) [13], as summarized in Table 3. For example, the control plane latency of RRC Connected 



 

 

Inactive with a small packet, referring to Figure 2 and Table 2, becomes 0.5+1+3+5=9.5ms. The control plane latency in RRC 

Connected Inactive is significantly lower than the figures for RRC Suspended and RRC Idle. When the state transition occurs in 

the anchor gNB, it is 88% and 84% lower with a small first packet (57% and 41% lower with a large first packet) than in RRC Idle 

and RRC suspended, respectively. If the state transition occurs in a new gNB, the figures are 88% and 87% lower with a small first 

packet (57% and 54% lower with a large first packet). Notice that the CP latency of RRC Connected Inactive remains the same 

whether the state transition occurs in a new gNB or the anchor gNB due to the decoupling of data transmission and RRC connection 

re-establishment. Therefore, the gain, compared to RRC Suspended, is higher when the state transition occurs in a new gNB since 

RRC Suspended CP latency becomes higher due to context fetching. It is also worthwhile to note that the processing delay in 5G 

will be much lower than in LTE due to improved UE and base station processing capacity, shorter TTI length, and lighter signaling 

procedure.  
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Figure 3: Comparison of control plane latency and UE power consumption to transmit small packet for RRC Connected 

Inactive, RRC Idle PSM and RRC Suspended.  

C. UE power consumption 

The UE power consumption of RRC Connected Inactive is analyzed for a use case with devices that transmit small packets and 

have long battery life requirement, e.g. sensors. Such devices can be configured for contention based small data transmission with 

long DRX cycle, e.g. equal to the periodic notification area update timer. If the device transmits data periodically, e.g. temperature 



 

 

reports, the data transmission time can be further aligned with the periodic RAN area update timer. Thus, the overall power 

consumption becomes highly correlated to the power consumed to transmit a small packet.  

Figure 3b shows power consumption for small packet transmission from RRC Connected Inactive, LTE’s RRC Idle Power Saving 

Mode (PSM) and RRC Suspended. The UE power consumption model is based on [15], with parameters DL receive power -40 

dBm, UL transmit power 15 dBm, 50 UL physical resource blocks, DL Modulation and Coding Scheme (MCS) index 12 and UL 

MSC index 12. The UE power is calculated as the total power consumed from the time a UE wakes-up from DRX mode to transmit 

a small packet until it returns to DRX mode. RRC Connected Inactive consumes significantly less power than RRC Idle and RRC 

Suspended as UE power consumption is correlated to the time a UE is kept active. The power required to transmit a small packet 

from RRC Connected Inactive is 79% and 55% less than the power consumed from RRC Idle PSM and RRC Suspended, 

respectively.  

Notice that the simulations do not consider error cases, e.g. HARQ retransmission due to RACH failure, for simplicity. Since 

average values are used, the absolute gains remain the same even if error cases are considered. However, the relative gains would 

be slightly lower.    

VII. CONCLUSION 

In this paper, we discussed an RRC state machine for 5G. The state machine includes a novel intermediate state called RRC 

Connected Inactive, in addition to the conventional RRC Idle and RRC Connected states. The characteristics of RRC Connected 

Inactive are presented and shown to overcome the shortcomings of the state machines in existing systems such as LTE and HSPA. 

It is shown that RRC Connected Inactive has the required level of flexibility and configurability to fulfil the requirements of diverse 

5G use cases. This minimizes the overall number of RRC States, which avoids implementation complexity and standardization 

effort arising from multi-state machines. Performance analysis for small packet transmission shows that RRC Connected Inactive 

is superior in terms of signaling overhead, latency and power consumption, with improvements of up to 71%, 88% and 79% over 

LTE’s RRC Idle, respectively.  
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