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1. Introduction

For MBMS in Release 6, RAN2 introduced a form of macro-diversity with the use of selection combining and soft combining. In its current studies for Long Term Evolution (LTE), RAN1 is considering the possible use of macro-diversity for the EUTRA. This paper discusses some RAN2-related aspects of this discussion for soft handover management.

2. Discussion

2.1 Selective combining for MBMS in Release 6

In order to draw some parallels with the changes required for LTE, we first take a look at the features of macro diversity in RAN2 MBMS specifications.

The use of selective combining and soft combining for MBMS is defined in section 7.1 of [1], and its main characteristics are described as follows:

· The selective combining for MBMS p-t-m transmission is supported by RLC PDU numbering. Therefore, the selective combining in the UE is possible from cells providing similar MBMS RB bit rate, provided that the de-synchronization between MBMS p-t-m transmission streams does not exceed the RLC re-ordering capability of the UE. Thus, there exist one RLC entity in the UE side.
· When selective or soft combining is available between cells the UTRAN should send MBMS NEIGHBOURING CELL INFORMATION containing the MTCH configuration of the neighbouring cells, available for selective or soft combining. When partial soft combining is applied the MBMS NEIGHBOURING CELL INFORMATION contains the L1-combining schedule, which indicates the time moments when the UE may soft combine the S-CCPCH transmitted in neighbouring cells with the S-CCPCH transmitted in the serving cell.
The key points from this description that we will consider further are:

· MBMS bit rate: selective combining is used with cells providing similar MBMS bit rates; the purpose of multi-cell combination is to ensure that MBMS performance requirements are met

· RLC re-ordering functionality: the potential limitation of RLC PDU numbering when high bit rates are considered has been extensively discussed in Release 6, with wrap-around problems highlighted.

· MBMS NEIGHBOURING CELL INFORMATION & S-CCPCH L1-combining schedule: the signalling, synchronisation and reception of MBMS services at RLC level is tightly linked to L1 characteristics.

2.2 Macro-diversity in Long Term Evolution

Drawing from the observations above, we can summarise that selective combining for MBMS in Release 6 is supported as a means to provide satisfactory bit rates to meet the MBMS performance requirements by combining transmissions from neighbouring cells according to a RLC-signalled & L1-based schedule.

One of the requirements of LTE [2] is for MBMS to be enhanced.

Without prejudging the LTE architecture, it is therefore reasonable to make the following assumptions for the requirements of selective/soft combining for enhanced MBMS, taken in the larger view of macro-diversity in both UTRA & E-UTRA:

· MBMS bit rate for enhanced services: the combination of transmissions from E-UTRA neighbouring cells may help achieve the expected enhanced MBMS performance levels; it is also necessary to consider if/how MBMS transmissions at similar bit rates served by cells on different bands can be combined, and how the cell selection can occur, in line with the LTE requirement to support an aggregation of radio resources over a diverse spectrum arrangement; the issue of cell selection between different bands raises the question of cell switching.

· RLC re-ordering functionality: the limitations identified in the Release 6 mode of operation may need to be addressed together with other RLC enhancements as part of a larger review of RLC functionality.

· MBMS NEIGHBOURING CELL INFORMATION & S-CCPCH L1-combining schedule: the definition of new transport channels in the E-UTRA architecture will introduce new signalling and mechanisms at L2 and L1; as a result the reception of both Release 6 and enhanced MBMS services will call for some management or indeed combining/scheduling of the signalling, timing and priorities of services in both UTRA & E-UTRA

The extension of selective/soft combining for MBMS from Release 6 to the E-UTRA would therefore introduce further requirements for both the physical layer and for the management of macro-diversity associated with multi-level and multi-band combining and scheduling.

2.3 Physical layer considerations

OFDM is one of the candidate multiple access schemes which is receiving significant attention in RAN1 for the LTE downlink. OFDM makes it straightforward to achieve soft radio-link combining for broadcast transmissions by allowing signals from different sites to be handled in the same way as multipath, with inter-symbol interference falling within the cyclic prefix [3]. If data transmissions from the network are synchronised within this time window, this enables coverage and spectral efficiency of broadcast services to be improved [4]. 

This OFDM-based diversity gain could facilitate the combining of MBMS services from different cells, provided that adequate timing synchronisation can be achieved.

It has also been proposed to extend the benefit of OFDM-based soft-combining to other services than broadcast services, in a “service-agnostic” view of the evolved RAN [5] that would bring the benefits of macro-diversity to unicast services. This is in line with the LTE requirement for physical layer component re-use (“the same fundamental modulation, coding and multiple access approaches used for unicast operation should apply to MBMS services”, [2]) in order to reduce E-UTRA terminal complexity.

3. Conclusions

Release 6 MBMS includes the use of macro-diversity combining in order to achieve the desired performance. One of the goals of LTE is to provide a further-enhanced MBMS service, and we foresee that this would be a very tough goal to achieve unless macro-diversity is also available in E-UTRA.

For RAN2, aspects of signalling & scheduling complexity need to be considered in relation to the possible addition of E-UTRA cells combining to Release 6 selective combining, in order to manage both Release 6 and enhanced MBMS services in a scenario of backwards compatibility and service-coexistence.

This calls for further studies on the functionality needed in RAN2 and on the feasibility of scheduling and synchronisation of data transmissions in E-UTRA. 
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