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1. Introduction

By its very nature, the WI on RAN Enhancements for Diverse Data Applications needs to consider a wide variety of offered traffic.  In this document we outline some of the basic characteristics of data traffic that are of relevance to identifying and evaluating enhancements under this work item.
2. Discussion
A key characteristic of any traffic trace is its distribution of packet inter-arrival time.  For applications utilising IP at the network layer, this would comprise the time between successive IP datagrams.  A second key characteristic is naturally the distribution in the sizes of those packets.

IP-level traces are able to provide a distribution of the IP-datagram inter-arrival times and sizes yet both the time of arrival and the IP datagram size are jointly needed to form an understanding of the data volume incident (e.g. at the eNB or UE buffer) for delivery over Uu during any time interval.  Therefore, in terms of use within an LTE radio framework, one appropriate measure is to aggregate the byte volumes of any arriving IP datagrams within a series of 1ms time durations as this is aligned with the sub-frame granularity of the system.  The distribution of per-ms byte volumes can then be obtained in addition to the formation of an inter-arrival distribution using the times between those 1ms intervals having non-zero byte volume values.
This would represent 1ms-sampled data volumes incident at the top of the RLC or MAC layers (i.e. eNB and UE buffers) pending delivery over the Uu interface.  This of course does not translate immediately into sub-frame activity over the Uu unless the radio link is unloaded and of relatively high speed.  A reasonable estimate of Uu sub-frame activity can however be obtained in many cases from such buffer arrival statistics so long as the limitations of this approach are borne in mind.  In particular, the speed and latency of the simulated radio link should be such that they would not significantly alter the behaviour of the application layer protocols and the transport protocols higher up the application stack.
Traffic characteristics may therefore differ when viewed from one of two levels:

i) Buffer arrivals (top of eNB or UE RLC/MAC layer) [e.g. volume per 1ms, or finer granularity]

ii) Buffer departures (over-the-air, Uu sub-frame activity) [e.g. volume per sub-frame]

From an LTE RAN perspective, the Uu sub-frame activity profile is that which determines:

· The DRX pattern at MAC level (driven by UL/DL assignments for new MAC PDUs)
· The number of RRC state transitions (assuming RRC connection timers within E-UTRAN that also rely on data activity or inactivity)
The above traffic characteristics may also vary significantly between uplink and downlink directions.  For example, downlink-intensive TCP traffic is likely to result in larger byte volumes per 1ms than the corresponding TCP ACK traffic on uplink (and vice versa).  The inter-arrival time distribution is also likely to differ depending on the configured transport protocol and application protocol behaviours and any network congestion.
Thus in general, statistics may need to be considered for each link direction.  However, this is not always the case.  In some instances (including for example, DRX evaluation and evaluation of RRC state transition behaviour), the direction of data travel is less important as both uplink and downlink packet transfers over Uu result in a reset of the inactivity timers involved.  In these cases, distributions related to a single aggregated profile of uplink and downlink packet activity would seem relevant.

3. Example Traffic Statistics

Some example behaviours of inter-arrival and per-ms data volume traffic characteristics are shown in Figure 1 and Figure 2 for four captured traces of traffic from mobile devices and for one theoretical (simulated) traffic model.
1. A trace during an instant messaging conversation (20 mins)

2. A trace of low/background activity, little/no user interaction, several open applications (88 mins)
3. A trace of medium activity, casual user interaction, several open applications (67 mins)
4. A trace of higher activity, dedicated user interaction (11.5 mins)

5. An HTTP traffic model (described in [1])
The statistics correspond to the buffer arrival case and are quantised into 1ms intervals.  For brevity, only aggregated (UL+DL) profiles are shown.
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Figure 1 – Inter-Arrival CDFs
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Figure 2 – CDFs of per-ms data volume
4. Discussion

A clear trend can be observed in the inter-arrival CDFs, with the gradients generally becoming steeper in the low IAT region as the activity level increases.  This corresponds to an increased data volume being transmitted over a short time interval (many packets grouped closely together).  As the activity level reduces, there are relatively few occurrences of packets with short IAT (that is, data is exchanged in single packets, or much smaller groups of packets, generally separated by larger intervening time differences).  Other aspects of note are that some keep-alive behaviour is evident for the low activity trace – i.e. there are no packets with an IAT beyond 55s in this example).
The HTTP model shows two distinct regions corresponding to active page transfer (small IAT region, e.g. <1s) and user reading time (large IAT region, e.g. >1s).  This behaviour is somewhat less observable for the captured traces.  The captured traces all show significant deviations from the pure HTTP model, most notably for the instant messaging and lower activity level cases.
A trend can also be observed in terms of the per-ms data volume CDFs, with higher activity levels naturally showing an increased proportion of 1ms intervals with larger data volumes.  Notably, of those 1ms intervals that do contain data, 80%, 74% and 62% contain less than 200 bytes for the Instant Messaging, low activity and medium activity traces respectively.  The distributions are again significantly different to the HTTP model behaviour which aligns more favourably with the higher-activity use case.
5. Conclusion

Distributions of inter-arrival times and data volume may be used to better understand the differences between different traffic profiles and their impacts on RAN-level behaviours.  When using these, some care must be taken to distinguish between buffer arrival statistics and buffer departure statistics (over-the-air sub-frame activity).
Traffic statistics may be used to determine generalised behaviours for DRX and RRC state transitions.  Aggregated UL+DL profiles would seem suitable for these purposes as the direction of travel is less important in determining these particular system behaviours.

Traces of mobile device traffic show significant diversity when compared against a theoretical HTTP model.  For further work on diverse data applications, evaluations could be based on statistics derived from traces, and/or using a model-based approach (e.g. parameterised to capture a wide range of behaviours such as those shown in Figure 1 and Figure 2).
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