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1.
 Introduction

One of the main aspects of the discussion which took place in SA1 about GCSE_LTE is the question of functional split between 3GPP and the application for the optimisation of routing for group addressed data/media, i.e. the question of whether the application is able to do it or if group knowledge by 3GPP is a must for efficient routing.

It was generally assumed that 3GPP network with its very powerful set of measurement tools is able to have significant efficiency lead compared to an application driven routing and that this significant advantage outweighs the drawbacks in terms of security and complexity. This contribution tries to provide a deeper analysis of the means available for the 3GPP EPS for the optimisation of routing of group addressed data/media from an information-theory point of view. Surprisingly, it appears that the application is a more appropriate decision place than the EPS for arbitration between unicast and multicast.

2.
An example

To illustrate the problem, let's start with a simple example. Assume that the EPC has a full knowledge of all the groups managed by the application.

A broadcast system call is initiated, i.e. a call which involves all UE of the fleet and which is unidirectional (from dispatcher in the control room to officers in the field). The 3GPP EPC, seeing that a significant number of units is involved in a given area decides to use a broadcast service to carry the call.

As defined in 3GPP specifications for MBMS, to make sure that all units are aware, the information about this setup is broadcast several times at some interval to cope with loss of unacknowledged transmissions and discontinuous reception. The order of magnitude of the setup time is several seconds (in average 1.5 times the mcch-ModificationPeriod).

Due to average duration of a system call (one talk spur between 3 and 5 seconds), the call is over before the end of setup.

3.
Assumptions and problem statement

It is assumed that a set of UEs under a single PLMN are using group addressed services. Each unit may be affiliated to several groups. It is also assumed that group data/media can be carried over a unicast bearer (one per group participant/per stream) or using a broadcast bearer transmitted over a given area. It is also assumed that the broadcast bearer may be allocated different bandwidths over the area.

Thus, the questions that have to be answered are:

· How does the EPS and/or application decide the bandwidth that must be allocated to broadcast service? 
· When there is a mix of available bearers (unicast and broadcast), how to optimally chose which stream is carried by which bearer? 
· Based on the information available in real time to application and EPS, what is the most appropriate split of responsibility and the information to be exchanged to achieve optimal decision making? 
It is first obvious that, if there is no broadcast area, i.e. no broadcast, the optimal is to carry all streams as unicast streams as there is no other option.

It is also obvious that if the traffic can be optimised over a broadcast area, it can be optimised over the all network, by separately optimising every broadcast area and using unicast elsewhere.

Therefore we will consider only one single broadcast area and try to answer to the three questions above in this case.

4.
Some quantitative assumptions

The main focus will be on group voice services which are the most critical ones, even if other services will be considered. A group voice service comprises several talk spurs with an average duration of 5 seconds and an average number of talk spurs in a call equal to three.

It is also assumed that broadcast is keeping some of the features of current eMBMS, i.e. the fact that there is an allocation quantum of one sub-frame for every transmission and that MCS is static over a significant period of time. It is also assumed that broadcast transfer shall be announced in advance and that announcement period is similar to the current mcch-ModificationPeriod, to be compatible with reliable transmission of broadcast information to a set of UEs having battery efficient discontinuous reception strategies.

Thus, one broadcast sub-frame contains data corresponding to several group communications (whether they correspond to one or several TMGIs and whether or not data content in a TMGI is multiplexed). The change in configuration will be announced for a period of 5 to 10 seconds (mcch-ModificationPeriod can be equal to either 512 or 1024 frames) and the minimal duration of a broadcast configuration will also be 5 to 10 seconds.
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5.
Quality indicator and averaging

To assess the benefit of an allocation of broadcast resources, it is necessary to compare estimates of the resources that would be needed when unicast bearers are used and when a broadcast bearer is used. The resources that are to be optimised are the radio resources in all eNBs inside a given broadcast area.

So, when a set of group communications is considered to be sent over a broadcast service, we have to compare:

· the set of radio resources used to transmit the communications over the broadcast service, i.e. the sum of the allocation required by each communication (in bits over some periodicity of transmission) divided by the radio efficiency of the broadcast transmission(as bits per resource block for a given "static" MCS), with

· the set of radio resources used to transmit the same communications over unicast services to all members of the corresponding groups, i.e. the sum of the allocation required by each communication (as above) multiplied by the sum of the inverses of radio efficiency of unicast transmission to each group member, 
but measured and averaged over the period where both services may be compared, i.e. during 5 second at least, 5 to 10 seconds in the future..

Several issues have to be considered.

The first one is that the radio efficiency of the unicast services to the group members in the future (after 5 to 10 seconds) is unknown. Not only this time interval is much longer than the time constant of any fast fading, but even masking conditions may significantly change with changes in car positions over 100 meters and pedestrian crossing the street or entering or leaving a building. So the best estimate of the efficiency is the average efficiency, which does not use any real time information and thanks to large number law, the estimate achieved by replacing the efficiency by its average becomes more accurate when the number of UEs increases, and this is precisely the case where the decision between unicast and broadcast matters..

The second more important issue is the fact that the set of communications is itself evolving over the time and that most of the communications active at the time of decision will be finished before the averaging period, while other yet unknown communications will be present at that time. Thus, the actual cumulated rate for the group communications is unknown, and the actual number of UEs receiving these unknown communications is also unknown.

6
Information-theory criteria

Based on the analysis above, the main criteria for functional split between application and EPS is the knowledge of information allowing for an efficient choice for the allocation of bearers to group services and the critical information for this choice is the expected "future" traffic.

In general, the future traffic information is better known by the application (as the source of traffic) than by EPS as shown on some examples below.

When data is transmitted to a group (for example a map or set of maps), EPS only sees a data rate and is not able to decide whether it is worth allocating additional multicast bandwidth to carry it as the total volume information is lacking, leading to potential inefficiencies if transmission is long with no allocation done or if, at contrary, an allocation is decided and implemented at a time where the transmission is finished. The application knows the actual volume to be transmitted and is able to decide whether an incremental allocation makes sense or not.

The same apply for video transmission. Some transmissions may be rather short (a clip of a car forcing a roadblock) while some may be long (for example video to support a SWAT action). Only the human dispatcher may provide the information allowing the application to make the right decision while EPS cannot discover the same information based on available observations.

In the case of voice, the two terms of the comparison (resources in broadcast mode versus resources in unicast mode) may at best be known as an expected average traffic (load per call and per receiving UE in milli-Erlangs) derived from 

· an application specific traffic model (normal hour / peak hour) complemented with some human indication (number of incidents in a given area and level of severity), eventually complemented by

· the knowledge of the actual location of units at a broadcast area level

As a conclusion, it is clear that the application has a better knowledge about the expected future traffic and is best able to "guess" the actual bandwidth required for broadcast transmission and to start and stop the corresponding sessions.

However, EPS has a very important role outside this decision making role.

First, when several broadcast sessions are active, the EPS shall schedule the corresponding packets.

Second, when the actual broadcast traffic offered does not fully occupy the allocated sub-frames, the EPS may reuse the unoccupied sub-frames with unicast traffic, to maintain optimality of use even in case of over-allocation of broadcast resources by the application.

Last but not least, traffic observation data may help application to refine traffic model to better predict expected load.

7
Conclusion

Despite a very detailed set of measurement tools, EPS finally appears as lacking of the necessary information to optimise the routing of group addressed data traffic. The main issue is the decision to setup-up of a multicast bearer is persistent as it takes a time which is of the same order of magnitude of talk spurs in critical voice communications.

Conversely, the application which does not seem at first sight to be the adequate decision maker appears to have more useful information for decision making, as it has the knowledge of the traffic model or can interact with human means to get hints on the expected future traffic to be handled. 
