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Minimum requirements for MBMS support in GERAN

1 Introduction

This paper analyses the minimum features required in order to support MBMS service in GERAN.

Introducing support for MBMS would make it possible for operators to deploy network wide support for delivering broadcast material in a cost efficient way without affecting other traffic in a negative way. The assumption here is that without MBMS it would not be possible to offer the anticipated volumes of application service payload since the cost of delivering the broadcast content would be too high and the load on the network would be a limiting factor. 

Although this paper is proposing a list of minimum requirements in order to support MBMS it does not rule out any further enhancement to the MBMS service that would improve the service further and/or decrease the impacts and radio resource usage further. These enhancements however should be considered carefully since there is a significant risk that they would lead to longer standardization and implementation times as wells as an unnecessary increase in complexity.

Currently in TSG GERAN the work on MBMS has started with a number of proposals for technical solutions on how to support MBMS services in GERAN in a very radio efficient way. However studies on what support for MBMS in GERAN is really required (e.g. time constraints for delivering user plane information sets of varying sizes and associated reliability requirements) and in what scenarios MBMS may be used is still lacking. This work is very important in order to support market driven standardization as well as limiting unnecessary options and complexities. 

This paper presents some assumed scenarios where MBMS can be used as well as different MBMS services. The paper also proposes some minimum requirements that are put on GERAN in order to support those scenarios and services. Finally the paper outlines some low complexity solutions that would meet those minimum requirements. The goal of this paper however is not to discuss the technical solutions in detail since most of them are covered in detail by other papers. 

The purpose of the paper is that agreement shall be reached in TSG GERAN about the requirements for supporting MBMS in GERAN, and for which services and in which scenarios MBMS shall be supported. 

2 Motivation for MBMS

2.1 Overview of scenarios where MBMS provide gains

Point-to-Multipoint (PTM) 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 to provide a service in a cell to any number of users with an almost fixed radio resource usage. Similarly the transport resource usage within the RAN and CN can significantly be reduced.

The following usage areas (scenarios) for MBMS are foreseen:

1. PTM 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. PTM MBMS is used dynamically (i.e. only when needed depending on the number of user in the cell) in the whole network in order to reduce radio resource usage when multiple users within the cell are subscribing to the same service. This makes it feasible to offer a specific service that otherwise would not be financially suitable to offer as a PTP service due to too high radio load leading to too high costs for the end user.

From the outcome of the discussions at the GERAN MBMS workshop it was clear that the operators see a need for both of these scenarios and it would not be acceptable as initially proposed to only use PTM MBMS in a fixed high user density area or to use PTM MBMS in a semi dynamic way based on statistical studies of the user density.  

The motivation for this is that it is likely that there will be hotspots of MBMS users also outside of arenas. The location of these hotspots however will not be known, so therefore it is required that the usage of PTM MBMS should be based on dynamically updated information on how many MBMS subscribers there are currently in the cell (i.e. some form of counting is required). So far no detailed feedback on the expected MBMS subscribes in hotspot and non-hotspot cells have been presented. 

2.2 Overview of application services that can be provided with MBMS

In this paper two application services are envisioned that can be delivered using MBMS. These services have not yet been defined in detail by the SA groups. However, current working assumption is that file download and media streaming are the services that will generate most MBMS traffic. It is up to the SA groups to further specify MBMS use cases and services in detail.

1. MBMS background service. (E.g. download and play, broadcast MMS)

This service might involve the delivery of sports, news, music clips and other data to the mobile stations. The content for this type of service could be similar to the content that is possible to provide with the existing MMS service. Since most file types embedded in MMSs require error free delivery, MBMS download bearers must operate error-free. An advantage with this type of service though is that the service can be delivered at bit rates that are lower than the content rate. Furthermore, the user perceived quality is independent of the current radio link quality. Only the download time may vary among the users. However, this performance metric is less important as the user does not recognize the actual download period but is only informed upon successful retrieval. Also, from an end users perspective, it will be favourable to decide when to make use of the received data rather than having to watch/listen when it comes (as in streaming). The amount of data that is sent with this service will most likely range between a few kilobyte and several megabyte but always upper bound by the memory available in the terminal.

2. MBMS streaming services (E.g. continues data streaming)

This service comprises the delivery of content that today is distributed via TV or Radio broadcast. Examples could be streaming pictures, video and/or speech from a sports arena, concert etc. Typically, such services assume that the end user consumes the content when it is delivered. Therefore, the receiver buffers only several seconds of content in order to compensate for delay variations on the link. However, the acceptable delays do not allow for any re-transmissions of lost data segments. Hence, the streaming protocols for audio and video can cope with a certain number of packet losses and quality decreases with increasing number of losses. The acceptable loss rate of most codecs is in the area of 1%-5%. This is higher than the hard 0%-limit for file download but it is still not easy to achieve on radio links (without ARQ…). Since the service is delivered continuously it might also be acceptable for the user if the service gets interrupted during CS voice.

Out of the two services outlined above it is likely that the first service that is deployed by the GERAN operators would be the MBMS background service since it is similar to the existing MMS service, however assuming the extra complexities in supporting the MBMS streaming service is fairly low it is likely that both types of services will be supported in the first MBMS release of the standard. 

From a GERAN perspective it is important to note, that both services (streaming and download) put quite different requirements on the underlying radio bearers: The MBMS background service wants high success rate in delivery without any bit or byte errors. In order to ensure continuous playback despite of limited receiver buffers, streaming applications require constant (in average) data rates (with high bit rate). This difference needs to be considered when standardizing MBMS solutions that will work for all services. Many features like synchronisation and repetition do not manage to provide good enough success rate in content delivery to satisfy MBMS background users and also not good enough real-time delivery for MBMS streaming users. It should also be kept in mind that not all requirements could be fulfilled by the (radio) link layer only. Full reliability (0% residual bit error rate) can only be achieved in an end-to-end manner, i.e. between a server and a client. Similarly, high quality streaming without interruptions can only be provided if the radio conditions are good. 

2.3 Limitations of MBMS service

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

Radio limitations:

1. The maximum bit rate of PTM MBMS service may be limited compared to acknowledged PTP service. This is due to that unacknowledged PTM 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. An advantage of unacknowledged PTM service though is that it might be possible for the MS to support more DL timeslots than in the PTP case since no UL signalling is sent.

2. PTM service may also in some scenarios use more system capacity compared to PTP service if there are only a few MBMS subscribers in the cell. Acknowledge mode service is in many scenarios much more efficient than Unacknowledged mode service with forward error correction. When the number of MBMS subscribers in a given cell exceeds a certain threshold PTM may give significant benefits though since it can provide more MBMS subscribers with data without wasting any more radio resources.

3. PTM service may be difficult to offer at the same time as other services due to radio limitations. For instance it is unlikely that an MS may be operated in DTM and at the same time in the downlink receive data on multiple PTM timeslot.

4. The capacity gains of PTM 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 PTM MBMS can offer can also, from an end user service point of view, be offered by PTP MBMS, provided that not too many receivers request the service simultaneously. PTP MBMS can additionally also offer a much larger service selection. 

2. The gains of PTM MBMS are only seen if multiple users are subscribing to the same service in the same cell and the content associated with offered services are of widespread interest. This needs to be considered when deciding on solutions to support MBMS in GERAN. In principle it might only be services with a very high usage percentage in the user population that is ever worth using PTM 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 subscribers to benefit from providing PTM service. The gains with PTM will vary a lot depending on were the cell is located and what kind of MBMS service is offered. 

3 Minimum required support for MBMS

This section proposes a minimum set of requirements needed in order to support MBMS in an acceptable way in GERAN. It is based on the assumptions regarding MBMS scenarios and services presented in the previous chapter.

Assumption:

MBMS needs to be supported in the whole operators network in a dynamic way (i.e. PTM and PTP is used in a flexible manner)

Requirement on GERAN:

This means that some form of MBMS notification and counting functionality is needed in GERAN in order to determine when PTM or PTP MBMS should be used. The requirements on the solutions to provide these functionalities (e.g. counting, notification) are that only a limited amount of radio resources are wasted when performing counting and that the notification procedures do not cause sudden peaks of heavy signalling load in the network and on the radio interface.

Assumption:

MBMS streaming services may be made up of long sessions. 

Requirement on GERAN:

This means that some form of re-counting of MBMS subscribers should be supported in the standard in order to efficiently support this type of service. In addition there is a need to make it possible for MBMS subscriber to join an ongoing PTM MBMS session. 

Assumption:

MBMS streaming service has lower requirement on successful delivery of packets than MBMS background (e.g. ~3% vs. 0%) but has requirements on a guaranteed bit rate and may have real time requirements. 

Requirement on GERAN:

MBMS streaming service is supported using PTM where available. No additional functions in GERAN are needed to support MBMS streaming service when it is only available using in PTP. GERAN could announce the presence of a new or ongoing MBMS streaming service in regular intervals making it possible for MS to join an ongoing PTM session. 

Assumption:

MBMS background service requires a high probability of successful delivery. 

Further Assumptions:

There are different methods to increase the possibility of successful PTM delivery. There are GERAN based methods like layer 2 FEC, inter-leaving, synchronization (at cell change and PTP/PTM switching) and repetition (using incremental redundancy) that would increase the possibility that users who are listening to a given MBMS session receives the clip successfully. However, such link layer mechanisms will typically not be able to provide an end-to-end bit error rate of 0%. If application/session level repetition is also used it would be possible to reach mobiles that for some reason missed an earlier PTM session (for instance if the MS was engaged in a CS voice call). Finally, application based PTP could be used to receive any missing clip (or part of clip) in this case it would be required that the application actually knows it has missed a given clip.

Out of these methods, it is unclear which method is actually required. This will depend on what success rate is required, what the probability is that an MS misses a PTM session or receives an incomplete MBMS session, and what the cost (radio resource usage and complexity) of the different solutions are. 

It is assumed an MBMS background clip is short enough so there would be no significant system gain of switching MS between PTP and PTM for other reasons then that the MS is in PTM and either leaves the cell or enters another state (Packet transfer, DTM) were PTM is not available. Switching back from PTP to PTM as well as using PTM-to-PTM synchronized switching will usually cause packet losses that cannot be recovered by the link layer (or only with unacceptable efforts). Also these packet losses have to be covered by end-to-end mechanisms.

Since MBMS background service with high success rate should be delivered in an efficient way radio wise it is proposed that PTM should be used when needed. However since many users may still be unavailable for PTM reception it is assumed that those users should be able to receive the clip using PTP. This does not however preclude that the MBMS clip is repeated more then once on application/session level if this repetition have minimum standard impacts. The goal of the PTM transmission is to limit the number of users who need PTP. 

Since it is quite likely that users that were unavailable for PTM or that received error in the PTM session still want to receive a the MBMS clip even hours after it was send out, it could be considered if application based PTP should be available. The drawback of only GERAN based PTP is, beside from it being more complex to support, that it would only support PTP delivery at the same time the PTM clip was sent out. If it is acceptable that a users temporarily away should miss a MBMS clip completely a GERAN based PTP solution would be feasible, however if an application based PTP solution is introduced there would be no need for a GERAN based solution at all.

If it would be possible to introduce an application-based solution, it would only be required to support PTM to PTP switching in the MS and not in the NW. 

Summary of Requirement on GERAN:

MBMS background service is supported using PTM where available. Any MS that fails to receive the MBMS background session should be able to download the missing session (or parts of session) on the application level in order to support the high success rate of this service. There is no need for GERAN to support PTM to PTP switching.

In case this approach is taken, there is a requirement that the MSs that missed the PTM clip are aware that the clip is available as a PTP service and that when the PTP sessions are initiated this can be done in a way that is not harmful to the system. The download of missing clip should either be automatic or based on user preference.

4 Outline of a solution that would meet the minimum requirements for MBMS

In this section the basic features of a solution that would support the requirement proposed in earlier sections are outlined. Many of the solutions presented have already been discussed in other papers. 

MBMS notification:

A notification method needs to be introduced. One possible candidate is to use a modified paging channel causing the subscribing MSs to go to a traffic channel in order to be counted. It is important that not all MSs necessarily reply to the paging message (see MBMS counting for details).

MBMS counting:

A method to count MBMS subscribers is required. One possible solution to achieve this is to use some form of access burst based counting. Since it is not required to know the exact number of MBMS subscribers in the cell it would be possible to set a parameter, which is telling only a subset of the MSs to send an access burst (e.g. probability <1 that a MS has to respond to the paging. If this is set to 0.1 approximately 10% of the MSs respond while the others remain silent and do not load the UL). In addition it is possible to randomize the timeslot where the MS should send the response in order to separate the access burst in time. Re-counting can be performed using similar methods on the UL channels associated with the MBMS PTM DL timeslots.

Handling of MBMS subscribers that missed an MBMS notification (or received an incomplete MBMS message):

The subscribers that missed an MBMS message (MBMS background service) could still be notified about it after the final repetition of the clip was sent out. This can be achieved by introducing a message on the broadcast or cell broadcast channel identifying the MBMS service and the sequence number of the latest sent clip. In addition other information (like title) of the clip can be sent out on cell broadcast. The MBMS subscribers then have the choice of downloading the missing clip using PTP or not. In order to avoid flooding of application level PTP request the network may choose to update the broadcast information in different cells at different time. MBMS users that received an incomplete MBMS message can also download the complete message or parts of the message using PTP on the application layer. 

MBMS at cell change:

When an MBMS subscriber is receiving MBMS streaming service using PTM it might happen that the MS need to move to a different cell. If no PTM service is available in the new cell the MS can continue to receive the service using PTP. If PTM service is available in the new cell some functionality is needed to get the MBMS subscriber to find out on which channel the MBMS service is available. This can be done by either continuously sending notification message for MBMS or introducing some functionality for the MS to ask the system if there is an MBMS service available in the cell. It is assumed that MBMS subscribers receiving short MBMS background clips with high requirement on loss less reception will always use PTP to receive the missing part of the clip. 

MBMS switching between PTM and PTP:

An MS that is currently receiving an MBMS services using PTM will switch by it self to PTP if possible when it starts using some other non-MBMS service. The MS may then for the case of MBMS streaming service re-switch back to PTM when the other non-MBMS service has stopped. This can be handled by using similar procedures as in the case of MBMS at cell change.

Non-MBMS related paging:

It is a requirement that the MS is able to receive paging messages for other services during an MBMS PTM session. This is possible to achieve by letting the MS go away from the MBMS DL traffic channel by it self and read the paging channel at the corresponding times indicated by its paging group. In order to achieve this some limitations on the maximum number of DL timeslots that can be supported for the MBMS PTM need to be introduced.  

5 Conclusion

By following the simple solutions outlined in chapter 4 it would be possible to provide MBMS service in an efficient manner supporting both MBMS streaming and background service defined in chapter 2 and meeting the requirements and assumptions proposed in chapter 3. Additional feedback is requested from other companies on the MBMS scenarios and use cases presented in chapter 2 as well as the proposed requirements in chapter 3. 
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