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1 Introduction

Before starting the design of MBMS for LTE it is important that the characteristics of the EUTRA physical layer are understood, such that the design of the MBMS radio bearer is optimised for the underlying technology. We must remember that there are big differences between characteristics of the UTRAN physical layer and characteristics of that proposed for EUTRA. In fact, the characteristics of the E-UTRA radio interface would seem to fit somewhere between those of UTRAN and GERAN. Therefore, it should not be taken for granted that the techniques used in the existing UTRAN/GERAN solutions can simply be re-used for the E-UTRAN solution, as there may be other solutions that fit better with OFDMA/SC-FDMA technology, and also with the potential new network architecture.. This paper discusses some of the techniques that may be used to maximize the data rates provided by MBMS across the whole cell.

2 Properties of the E-UTRAN Physical Layer

2.1 Properties of the downlink

The INTRA-cell interference is made up of two parts, interference in the time domain and interference in the frequency domain. 

· The interference between sub-carriers is not seen to be an issue, as it should be implicitly minimised by the orthogonality of sub-carriers.

· The delay spread caused by Multipath characteristics of the communications channel in an OFDM system causes Inter-symbol interference in the time domain. The OFDM design overcomes the problem of Multipath Delay Spread by introducing gaps or Cyclic Prefixes between the OFDM sub-frames. The size of the gap is dependent on the size of the cell and whether soft combining is required in the system. The longer the Cyclic Prefix, the greater the overhead being introduced.

For the INTER-cell interference, it may be possible for it to be overcome by using receive diversity, interference cancellation, co-ordination of sub-carrier allocation, and scrambling codes to randomise interference. All of these techniques will help improve the cell edge throughput.

2.2 Properties of the Uplink

The affects of the interference in the uplink is different to that of UTRAN. 

· In the Intra-cell case, as with the downlink case the interference between sub-carriers is offset by the orthogonality of sub-carriers, therefore minimising the intra-cell interference.
· In the Inter-cell inference case, it is possible that transmissions on different sub-carriers could be used by UEs at neighbouring cell borders (either dynamically or statically). 

3 General MBMS concepts

In most cases, a network will be planned for support of unicast services to a certain data rate and bit error rate at the cell edge. To achieve data rates for a multicast transmission using this cell planning will require the design of special techniques which maximise the data rates whilst being careful to minimize the system and deployment overhead.

3.1 Techniques to maximize data rates/channel efficiency at the cell edge

The following solutions are by no means an exhaustive list, but are more a means to highlight that the MBMS radio interface design for LTE needs to be analysed further and that we should not just consider techniques used for the design of MBMS in UTRAN.

3.1.1 Multicast Channel combining schemes

Combining schemes (particularly soft combining) has been discussed already in RAN WG1 as a potential technique for E-UTRA MBMS. 

Complexity aspects

The link gains that can be achieved by support of combining in E-UTRA MBMS will have a dependency on how tightly synchronised the streams are from each cell. 

For example, the most optimal form of combining is to have an identical mapping of physical layer information on sub-carriers in all combined cells, and time alignment of the MBMS data reception on a per sub-frame basis (i.e. the identical sub-frames from each cell being received within time TTI + cyclic prefix). This would effectively mean that there would be no inter-cell interference caused to the MBMS resources, as there is no unwanted transmission on the same sub-carrier at the same time. Hence this would seem to allow maximum gain from a radio perspective.

However, on the other hand, it would seem that this approach would require a very tight synchronisation between MBMS radio links received from different cells. This may not be an issue between cells on the same eNode B. However between cells of different eNode Bs, this would require some common reference timing to be known, and it is not currently clear how this can be achieved with the existing assumptions on network architecture. So this will require further discussions within RAN2/RAN3.

With a looser synchronisation of radio links between different cells, it is likely that inter-symbol interference would start to be introduced between different paths, and thus the link gains will be reduced somewhat, but with an increase in buffering in the UE. 

However, it also needs to be considered is how many combining techniques the UE should support, given the obvious need to minimise terminal cost where possible.
Deployment and usage

In addition to the cost and complexity of each combining technique, RRM aspects obviously need to be considered.

At least in the case that the cell resource is required also for things other than MBMS (or this particular MBMS service) i.e. where it is useful to minimise resource usage, the operator will need to decide how radio-efficient it is to transmit the MBMS channel to the edge of each cell. 

This is likely to depend upon:

· Whether there is sufficient user interest in a specific service across a contiguous region of adjacent cells

· Whether the same MBMS physical layer resources can be considered in each contiguous neighbour cell, and the efficiency of logical channel multiplexing versus physical layer multiplexing – which may lead to a solution looking more like “selective combining”

· The improvement that the particular combining scheme can give to the MBMS resource required in each cell. 

 In the first instance, it is necessary for the issues of network synchronisation to be discussed within RAN1, RAN2 and RAN3, such that the full system-level benefits and costs of combining schemes can be understood. However the other aspects of combining techniques also need to be kept in mind for future discussions.

3.1.2 Uplink Feedback to Multicast Channel

Within the GERAN solution for MBMS, the ability for the UE to provide dynamic feedback to the network was agreed. Within GERAN only the multicast channel type is used, and hence there is no need for counting and switching between point-to-point and point-to-multipoint radio bearers.

The use of such a solution within E-UTRAN would allow the eNodeB to:

· Use a selective retransmission scheme;

· Complete some basic power management,

· Optimise the channel for the number of UEs and their respective radio conditions;

· Remove the channel when no UEs are present;

· Only use a single channel type for MBMS.

There will be a limitation on the number of UEs which can provide feedback to the eNodeB, but this will depend on the channel design and amount of interference caused to neighbour cells. In GERAN this was limited to 16 users, due to legacy constraints. 

The benefit of MBMS without an uplink is that it is possible, if the network were planned especially for MBMS (i.e. based on downlink coverage limitation only, or where a unpaired downlink-only frequency band were used), to minimize the number of cells needed whilst not reducing the MBMS throughput.

If an uplink feedback mechanism is used on the MBMS channel it is expected that in a specific cell the same size of cyclic prefix could be used for multicast and unicast, as no soft combining as such would be possible in the physical layer, due to the retransmission delay. 

With the use of an uplink channel in a network planned for unicast coverage, it may be possible to enable the PTM channel to achieve a good radio efficiency (due to both having retransmission gains).

3.2 Comparison of Techniques

When designing the solution(s) to maximize the cell edge throughput we need to look at the solution from a number of different angles:

3.2.1 System complexity

It should be understood that solutions which require a high level of synchronisation between cells, may introduce the requirement for solutions to allow a common reference timing in the Node B, and the costs and complexity of this needs to be understood.

.

If an uplink feedback solution for a given low number of users, N, gave similar efficiency to that of N point-to-point bearers, then is likely that only a Point-to-Multipoint bearer would be needed for MBMS delivery, and this would avoid the need for switching between point-to-point and point-to-multipoint delivery mechanisms. Therefore this may reduce the complexity of the overall system design.

3.2.2 UE complexity

The relative impacts of combining schemes on the UE complexity needs to be investigated further.

If the UE only needs to support a Point-to-multipoint bearer for MBMS in LTE, then this would reduce the complexity in terms of required support for channel switching mechanisms.

The testing of the radio performance of the UEs will become easier to manage if the UE is providing uplink feedback to the eNodeB.

3.2.3 System efficiency

Each of the solutions would have different requirements on the radio spectrum:

Combining solutions would only be useful for the case that the MBMS service is transmitted across multiple contiguous cells. 

The uplink feedback case would require the use of uplink resource for the shared feedback channel, in addition to the downlink resource. The downlink resource however could be optimised for the number of users in a specific cell. 

Where combining schemes were not used, the same cyclic prefix could be used for unicast and multicast.

If an uplink feedback channel is used, then it may introduce a coverage limitation on the system compared to a system planned only for the downlink.
3.2.4 UE efficiency

The relative power efficiency of each of the techniques needs to be analysed further. It is suspected that the least power-efficient of the solution would be a solution which requires continuous uplink feedback, and in this case the power efficiency would be similar to the power efficiency of unicast.

The relative power efficiency of combining techniques is unknown, and needs to be considered in each case.

4 Conclusion

This paper has highlighted the need to fully understand the design of the E-UTRA physical layer, and the LTE architecture, before starting to conclude on the working assumptions for the MBMS bearer design.  

It is important that the complexity of the terminals, access network and system design are all considered before making design decisions on LTE support of the MBMS service, and therefore this will require input from most if not all of the RAN groups.

