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MBMS Use scenarios in GERAN

1 Introduction

Currently in TSG GERAN the work on MBMS has started with a number proposals for technical solutions on how to support MBMS services in GERAN in a very radio efficient matter. However not so much effort has yet been dedicated to actually studying what support for MBMS in GERAN is really required and in what scenarios MBMS is used. This work is very important in order to support market driven standardization as well as limiting unnecessary options and complexities. 

This paper tries to analyse the motivation for introducing MBMS in GERAN as well as outlines what studies should be performed in order to assess the gains with MBMS. The outcome of those studies could be used, as input to decisions on the complexity of solutions required in order to provide MBMS services.

Additional feedback is requested from other companies who might foresee other scenarios motivating the introduction of MBMS services in GERAN.

2 Gains of MBMS

2.1 Overview of scenarios where MBMS provide gains

Point-to-Multipoint MBMS (later in text only called MBMS) provides the option of sending data simultaneously to multiple users attached in the same cell using the same radio resource (frequency/timeslot). This makes it possible provide a service in a cell to any number of users with an almost fixed radio resource usage. Similarly the transport resources within the RAN and CN can be reduced.

The following usage areas for MBMS are foreseen:

1. MBMS is used in high-density user areas in order to make it feasible to offer a specific service in these areas without causing unacceptable delays and load in the system. Example: sports/news clips within a sports arena or city centre.

2. MBMS is used in order to make it feasible to offer a specific service that otherwise would not be financially possible to offer as a point-to-point service due to too high radio usage leading to too high costs for the end user. 

3. MBMS is used dynamically (i.e. the network switches between point-to-point and point-to-multipoint MBMS service based on user load) in the whole network in order to reduce radio resource usage when multiple users within the cell are subscribing to the same service.

Out of the three usages areas listed above number 1 and 2 are considered as an enabler of a specific service while scenario 3 is considered as a potential performance enhancement. Without MBMS it might not be possible at all to offer low cost “broadcast type” services in high-density areas. 

2.2 Limitations of MBMS service

A number of limitations are applied to what can be achieved with Point-to-Multipoint MBMS. Below are some Radio and Service limitations listed:

Radio limitations:

1. The maximum bit rate of MBMS service may be limited compared to acknowledged Point-to-Point service. This is due to that unacknowledged Point-to-Multipoint service needs to include higher amount of redundancy (e.g. repetitions) than acknowledged mode service. In addition the MBMS service needs to be dimensioned for coverage of an expected service area, so some users who experience good radio conditions may not benefit from it (i.e. these users could benefit from higher bit rates due to less redundancy). An advantage of unacknowledged Point-to-Multipoint service though is that it might be possible for the MS to support more DL timeslots than in the Point-to-Point case since no UL signalling is sent.

2. Point-to-Multipoint service may also in some scenarios use more system capacity compared to Point-to-Point service if there are only a few MBMS subscribers in the cell.

3. Point-to-Multipoint service may be hard to offer at the same time as other services due to radio limitations.

4. The capacity gains of Point-to-Multipoint service are limited by other capacity increasing improvements like adaptive antennas and dividing cells into sectors.  

Services limitations:

1. It is foreseen that all services that Point-to-Multipoint MBMS can offer can also from an end user service point of view be offered by Point-to-Point MBMS. Point-to-Point MBMS can additionally also offer a much larger service selection (i.e. the user is given more freedom to select specific information content of interest), services that can be accessed at any time and the possibility to combine MBMS services with other non-MBMS services. 

2. The gains of Point-to-Multipoint MBMS can only be seen if multiple users are subscribing to the same service in the same cell and the information content associated with offered services are of widespread interest. This needs to be considered when deciding on solutions to support MBMS. In principle it might only be services with a very high usage percentage in the user population that is ever worth using Point-to-Multipoint for. Example: cellular networks might be designed for a certain capacity in the number of CS Voice users they can support in one cell (site or sector) and if very few of these users are subscribing to a specific MBMS service it might be unlikely that a given cell even in a high load scenarios would have enough MBMS users to benefit from providing Point-to-Multipoint service. The gains with Point-to-Multipoint will vary a lot depending on were the cell is located and what kind of MBMS service is offered. 

3 Analysis of Gains vs. Complexity

In order to study the gains that can be achieved with MBMS two different MBMS solutions are used representing different complexities. These solutions are then analysed in the context of a high-density scenario and an overall system scenario. In each of these scenarios it need to be determined if the gains achieved with the high complexity solution compared to what gains that can be achieved with the low complexity solution is really worth the extra complexities.  

3.1 Descriptions of two MBMS solutions

Low Complexity solution:

· Point-to-Multipoint MBMS services are introduced in semi-dynamic manner on a per cell (site/sector) basis. This means that the operator configures which MBMS services should be available in a given cell at a given time. This can be based on statistical properties like the number of users in the cell as well as the probability that users are subscribing to a given service. No radio resources will be used however when there are no MBMS user present in the cell. 

· RAN treats Point-to-Multipoint MBMS users as camping in idle mode only listening to pages.

· An MS that has been using Point-to-Point MBMS service in areas with no Point-to-Multipoint support will, when entering a new cell, detect if Point-to-Multipoint MBMS is available and will release the Point-to-Point MBMS and register to the Point-to-Multipoint MBMS. Similarly an MS using Point-to-Multipoint MBMS will register to Point-to-Point MBMS when they are entering a cell that does not support Point-to-Multipoint MBMS. 

· MS using non-MBMS services will in a similar way automatically switch between Point-to-Multipoint and Point-to-Point MBMS depending on MS capabilities. The switching between Point-to-Multipoint and Point-to-Point is not the responsibility of the RAN.

· It is expected that MSs will always use Point-to-Multipoint service when available. This might lead to extra resource usage in cells that currently are experiencing low load (probably only a minor problem though). 

· A limited set of MBMS services are supported (using Point-to-Multipoint) that are oriented to mass market interest (news, weather, sports, shopping related information). No formal service subscription by MBMS users may be required in some cases.

· If this approach is taken it is expected that the impacts on the CN, RAN and MS for supporting MBMS is very limited.

High Complexity solution:

· MBMS is supported in a full dynamic manner within the whole network. This means that whenever it is from a radio resource point of view more efficient to support MS with Point-to-Multipoint MBMS, it is used.

· This solutions means that the RAN will be involved counting and switching MS from Point-to-Point to Point-to-Multipoint MBMS. The use of Point-to-Point MBMS will also probably not be transparent for the RAN and will be treated differently from other user plane data.

· An extensive set of MBMS service offerings are supported (using Point-to-Multipoint) if needed. This allows for finely granularized information selection by users. 

· Other possible solutions that can be introduced in order to more efficiently use the radio resources may include the usage of unused UL timeslots as well as network controlled cell change of MBMS subscribers.

3.2 Use of MBMS in a High density scenario

In this scenario MBMS is used as an enabler of a service that might be unfeasible to support otherwise.

In order to assess the need for MBMS in this scenario some figure is needed on how many MBMS subscribers are expected to be present in one cell (site or sector). This figures however are very much dependent on a number of factors like cell planning, load, probability that a user is subscribing to a given service etc.. In general this information needs to come from operators and their expectations on how popular a given service will be. Below however is a very crude estimation of the number of MBMS users in a highly loaded cell:

Assumptions:

3 reuse. 3 sectors/site. System planned for CS Voice. Capacity per sector 7 Erlang/Mhz/sector. 10 MHz bandwidth allocated. Each user uses 20 mErlang for CS Voice. 1% of users subscribe to MBMS service. No service based cell selection is supported. 100% load. Interference limited scenario (No blocking). 

Maximum number of MBMS user per cell (i.e. sector):

7 * 10 / 0.02 * 0.01 = 35 users (total MS in sector 3500)

It is assumed that the total number of users per sector in this scenario can be met in very high-density areas like arenas (e.g. soccer).

Conclusion:

Given the assumption above it is expected that in this extreme type of scenario, Point-to-Multipoint MBMS does not only provide a significant gain compared to Point-to-Point MBMS but it could also be considered as an requirement to be able to offer the service at all. This is also assuming a fairly low ratio of MBMS subscribers.

Solutions:

It is expected that both the low and high complexity MBMS solutions will be able to provide service in the example above. The semi-dynamic (low complexity) solution will be configured to support Point-to-Multipoint MBMS in the high density as soon as some user requests the service. The waste of resources that might occur due to the semi-dynamic solution directly switching to Point-to-Multipoint as soon as at least one MS is active is probably not a problem since if the cell has that few MBMS users it is probably experience a very low load and will have no problem to meet the MS resource requirements. The system can also be configured to only use MBMS at times when the overall load is high. 

3.3 Use of MBMS in an overall system scenario

In this scenario it is assumed that Point-to-Multipoint MBMS is available in the overall system (i.e. in low density cells and in hotspots). Assessing the gains of MBMS in this type of system becomes much more complicated. Studies performed in [GP-030665 from Siemens] gives some indications on how many MBMS users should be present in a given cell in order for it to be more efficient from a radio perspective in supporting a given service using Point-to-Multipoint MBMS compared to Point-to-Point. The study however does not look at the overall capacity gain that can be achieved by deploying wide-scale use of MBMS and the ability to switch between Point-to-Point and Point-to-Multipoint MBMS. In the end this study might show that the gains on a system level of using MBMS dynamically might be neglectable. 

MBMS could also be used in an overall system scenario to support services that are not feasible to support from a cost point of view by using Point-to-Point MBMS. In this case a given MBMS content (e.g. clip) could be blindly broadcasted in all cells in a given area. Any MS subscribing to this service can receive the content. GERAN does not need to be aware of the location of each MS.

Study of performance in an overall system scenario:

Further work is needed to study the performance gains that can be achieved by using intelligent switching between Point-to-Point and Point-to-Multipoint MBMS compared to more semi-dynamic solutions. Below is just an outline on what kind of scenario can be studied.

Statistics (or mobility models) on of how many users that normally camps on a cell in combinations with assumptions on how many users are subscribing to MBMS can be used to determine if there is an area were the high complexity solution show significant gains in the total amount of radio resource usage compared to for instance always using Point-to-Point or Point-to-Multipoint. Once this has been determined it needs also to be studied if this gain would affect the overall system capacity of a system serving both Speech and Data users. 

This paper makes no statements on the outcome of this study however it argues for that the study should be performed before concluding on the use of the high complexity solution. If there are very limited gains with such a solution it should not be standardized.

Solutions:

It is expected that the high complexity solution will support this scenario completely. Whenever enough MBMS users for a given service is present in the cell the system will system will switch to Point-to-Point MBMS. For the low complexity solution it is expected that some cells will sometimes be configured to support some MBMS services using Point-to-Multipoint MBMS and some cells will use Point-to-Point. It might still be possible to introduce some “slow” switching between Point-to-Point and Point-to-Multipoint MBMS however it is expected this would only be based on measured load for any services as well as CN functions. The GERAN is expected not to have any knowledge of the number of users using either in Point-to-Multipoint or Point-to-Point MBMS. 

Both these solutions would also support the possibility to perform blind broadcast for a given MBMS in a wide area assuming enough users are subscribing to the service.

4 Conclusion

Given the scenarios were MBMS provides gain and the limitations listed in section 2-3 of this paper it is assumed that the focus of the MBMS support should be directed on introducing MBMS as a service enabler for high user density scenarios rather than focusing on MBMS as a general performance enhancement in the whole system. 

The motivation for this is that by introducing MBMS Point-to-Multipoint service in a semi-static/dynamic way in city centres, arenas, wide residential area etc. it would then be possible to support MBMS in the whole system by using Point-to-Point service elsewhere. Introducing dynamic MBMS (e.g. switching between Point-to-Point and Point-to-Multipoint) in the rest of the system should only then be considered as an additional performance enhancement, which would add to the number of options and the complexity. On the other hand MBMS as a performance enhancement may still be studied and may depending on the gains and interest also be standardized. Further studies and feedback from operators/vendors are needed before concluding on the exact solutions for supporting MBMS in GERAN.
