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1. Introduction

Historically, cellular telecommunications networks have been designed with traffic profiles comprising of clearly demarcated on/off periods of activity and inactivity (i.e. packet calls).  The RRC connected modes are used during the periods of activity whilst the idle mode provides significant battery and system resource savings during inactive periods.  In this model, the assumption has been that transitions between RRC idle and connected modes occur relatively infrequently.

With modern applications on smartphone devices and tablets, the demarcation between active and inactive is becoming blurred, and many applications exhibit a continued residual activity without user interaction (often comprising short autonomous background communications such as keepalives, email and chat server status checks and so on).  Furthermore, user-interactive applications such as instant messaging also deliver low average user data volumes during which the user data transmissions are again widely dispersed in time and comprise short packets.  Neither of these traffic types conform well to the clearly-demarcated active/inactive paradigm as used today, yet their prevalence in the real-world has increased significantly in recent times, including since the introduction of LTE in Release 8.
In this paper we review the current functionality of connected mode states in UMTS and LTE in the context of this type of traffic loading.
2. Discussion
The presence of background machine based interactions, and other regular or sporadic infrequent short data exchanges can cause issues for cellular networks.  In particular, one of two outcomes is likely to result depending upon network configuration:
A) The frequency of RRC state transitions becomes high: as a result, signalling overheads and system interface congestion are increased 
B) Idle mode is seldom used:  The background activity retains the device in an RRC connected mode state which may result in a significant battery drain on the device

 As an illustrative example, Figure 1 shows the number of RRC state transition cycles per minute and the mean fractional time spent in connected mode that could result when in the presence of some types of background keep-alive activity.  The example is based on two traces taken on devices with open applications but without any user interaction.  In figure 1, RRC connection transitions are assumed to be based on an inactivity timer in the network and the resulting behaviour is then shown as a function of different RRC connection timeout values.
Low RRC connection timeout values (e.g. in the range 0.5 to 10 seconds) result in condition (A), whilst higher values (e.g. >15 seconds) result in condition (B) in the figure.
[image: image1.emf]5 10 15 20 25

1

2

3

4

5

RRC timeout value (secs)

RRC connection cycles per min

 

 

5 10 15 20 25

0.2

0.4

0.6

0.8

1

Fraction of time spent in Connected Mode

Trace1: Conn cycles/min

Trace1: Conn Time

Trace2: Conn cycles/min

Trace2: Conn Time


[image: image2.emf]Region A Region B


Figure 1 – Example of RRC Connection Behaviour for certain background traffic types
For condition (A), the efficiency of the RRC connection signalling becomes a key consideration, and this also has some bearing on UE power efficiency as a result of the signalling associated with the frequent RRC state transitions.  For condition (B), as the device spends a large amount of its time in RRC connected mode it is important to ensure a high degree of system and battery efficiency in this state.
For the type of traffic for which the behaviours are shown in figure 1, packet arrivals are relatively frequent (e.g. every few seconds) and it is more appropriate to operate in a long-term connected mode state (i.e. condition (B) on the right hand side of Figure 1), as this has lower impact to other nodes within the network (such as the MME and SGW).  This approach also reduces the impacts to UE battery efficiency that would otherwise result from the frequent transmissions associated with RRC state changes.

In UMTS, the cell_FACH and cell/URA_PCH connected mode states can be used to provide battery-efficient states whilst retaining parts of the RRC context.  By retaining the RRC connection, this allows for a reduced signalling overhead on return to a more-active RRC connected mode state whenever data activity resumes or increases.  Features such as CPC and Enhanced Cell_FACH introduced from Release 7 improve the ability of UMTS to offer battery and system-efficient RRC connected mode states.
In the LTE system, connected mode DRX allows for improved battery efficiency when in the connected mode, however, use of DRX does not release uplink control resources and these will either continue to be used by the UE during DRX (gated by the DRX cycle) or will be reserved but unused by the UE.  However, power and system efficiency are not solely governed by DRX.  Table 1 summarises other high level differences between the functionality available in the RRC states of UMTS and LTE and it should be borne in mind that these aspects also have some impact.

Table 1 – Comparison of RRC State Functionality in UMTS and LTE
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Whilst the RRC model for LTE is simpler than that of UMTS, it is arguable that as a result some of the flexibility is reduced.  For example, the LTE RRC connected mode:

· Does not allow for UE controlled mobility or mobility at scales above the cell level
· Requires ongoing readiness for user plane connectivity
· May reserve or consume resources even though the UE is temporarily inactive or in DRX e.g. use of assigned resources
The UMTS system comprises connected mode states that are behaviourally similar to idle mode whereas this can be considered less so for LTE, and these behaviours can affect UE battery and network/system efficiencies when UEs have longer RRC connected mode durations.  Given that such long connected mode durations can result from the identified commonly occurring traffic profiles, these aspects are thought to be worthy of some reconsideration especially during periods of user low activity or inactivity within the connected mode.
3. Conclusion

Certain traffic profiles can cause UEs to be held for long periods of time in RRC connected mode whilst exchanging only a relatively small volume of background data.  A countermeasure to this behaviour is to use short RRC connection timers in the network, however this can result in multiple RRC state transitions per minute which would impact not only the eNB and UE, but also MME and SGW nodes within the CN.  The RRC signalling overheads and over-the-air message counts that result from this approach are undesirable.

Proposal 1:  The DDA work item should target optimisations that improve system and battery efficiencies during periods of intermittent data activity whilst the UE remains in RRC connected.  Long term connected mode strategies (Region B of figure 1) represent the preferred approach in background traffic scenarios































































