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1
Introduction

This contribution addresses some of the open issues from TR 25.813 related to LTE Broadcast/Multicast with the aim to reach consensus on them and adopt the proposed way forward when creating the RAN Stage 2 TS in Tallinn.  
2
MCCH mapping
One of the principal decisions that need to be made concerns the mapping of the MCCH. The need, role and attributes of the MCCH for LTE have not yet been agreed upon. In Rel-6 the MCCH provides information about the services being multicast/broadcast on the MCH and the associated radio bearer configuration. It is expected that the MCCH will play a similar role in LTE. There are essentially two options for the MCCH:

1. For example, the MCCH can be mapped to the first sub-frame of the 10 ms radio frame along with the system broadcast information.  In case of a 5 MHz carrier bandwidth, it is believed that there is sufficient capacity to transmit MCCH in the first 0.5 ms sub-frame of a 10 ms radio frame. However, the capacity of this sub-frame is rather limited in the case of lower bandwidths such as 1.25 MHz and 2.5 MHz. In this case the MCCH may need to be mapped to a second common control sub-frame. One fundamental limitation of mapping the MCCH to the sub-frame carrying BCCH information is that combining techniques such as SFN – which are likely to be applied in some form to the associated MCH – cannot be leveraged, and while the topic of localised (countable) MBMS service delivery requires further study, it is believed that the information carried on the MCCH in most cases is not cell-specific. In particular, such a scenario is certainly true for the case of wide-area broadcast services (“Mobile TV”) for which the MCCH it is expected to be common across a large service area. Note that in contrast, the majority of the information carried on the BCCH is cell-specific and thus may not benefit from SFN combining. Thus the mapping of the MCCH to the sub-frame carrying the BCCH is not preferred.

2. The MCCH can be mapped to any other sub-frame in the 10 ms radio frame. In order to benefit from Layer 1 combining techniques such as SFN, while also supporting the larger cell radii that may be associated with some MBMS deployment scenarios, the MCCH would most easily and efficiently be mapped to a sub-frame supporting a larger cyclic prefix i.e. a sub-frame carrying multicast traffic.
 While it is certainly possible to transmit multicast data in sub-frames supporting the same (short) cyclic prefix as unicast sub-frames, the multicast throughput in this case is expected to be significantly reduced. When specifying MBMS in Rel-6, one of the motivations behind supporting the MCCH channel is the expected gain in battery savings arising from the UE receiving a schedule, over the MCCH, of the multicast services to be transmitted. The UE using this information can then enter DRX mode between multicast transmissions of interest to it. Multiplexing the MCCH into the sub-frame carrying the MCH might be seen as negatively impacting the savings in battery consumption. However, it should be noted that the MCCH information is rather static and the primary purpose of frequent repetition it is to support mobility and ensure reliable reception. In addition, as stated above, the MCCH is not cell-specific and thus mapping the MCCH to the same sub-frame as the MCH should not affect battery consumption. Simultaneously, enabling SFN for the MCCH would positively impact overall reliability and system throughput.

It is therefore proposed to map the MCCH to a multicast specific sub-frame. The MCCH and MTCH are both mapped to the MCH transport channel. Not all sub-frames carrying the MCH need to carry the MCCH as well – the repetition frequency of the MCCH can be independently set.
3
Unicast/Multicast Multiplexing
In order to provide flexibility in deployment, one of the proposals being discussed is to be able to simultaneously map unicast and multicast transmissions in the same sub-frame. This would presumably allow radio resources to be flexibly assigned to unicast and multicast as needed. In order to optimise the signal-noise ratio arising from simulcasting using SFN (recalling also the MBMS spectral efficiency target of 1 b/s/Hz), the cyclic prefix used in such a sub-frame would need to be extended beyond that required for a unicast-only sub-frame. However, this will then impact unicast throughput due to the reduced number of symbols (6 rather than 7) available for transmission. In addition, a separate control channel structure for scheduling unicast transmissions would need to be designed to accommodate the different frame format resulting from FDM. This would be in addition to a separate frame format needed for dedicated MBMS carriers.
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Figure 1: TDM scheduling of Unicast and Multicast and options for mapping the corresponding UL frames
In the current design methodology, the downlink sub-frame includes control channels that provide information on downlink transmissions scheduled in that sub-frame and also includes scheduling information for uplink transmissions. When allocating an entire sub-frame for multicast, there is no provision for including control channel information for uplink unicast transmissions or for sending ACK/NACK signalling in response to prior UL transmissions. To address the issue of being able to schedule uplink transmissions and avoid a potential reduction in uplink throughput, a number of options are possible:

· Use longer duration TTIs in the uplink with the last sub-frame(s) of the TTI aligning with the downlink MCH sub-frame(s). Control signalling would now apply for longer durations in the uplink. 
· Map a physical RACH channel to the corresponding uplink frame. 
· Aggregation of CQI channels is in the corresponding UL sub-frame. 
The time interval between multicast sub-frames can be increased to improve the fill efficiency of an MBMS-specific sub-frame, and – importantly – permitting the optimisation of UE power conservation via DRX. The BCCH can be used to deliver information regarding the multicast sub-frame locations.

It is therefore proposed that FDM of unicast and multicast transmissions in a single sub-frame not be supported. 
4.
Single Cell Transmission
In some scenarios only one user in a cell may be interested in receiving multicast service. There are two potential deployment scenarios to consider:

· dedicated MBMS carrier

· Shared unicast/multicast carrier.

In the case of the dedicated MBMS carrier, the footprint of the MBMS cell may or may not match the FDD footprint. In this case, the situation of a single user wanting to receive a multicast service would be very rare. In the shared carrier case, it is possible that in some cells there is only one user interested in receiving the service. In prior discussions, there has been some interest in carrying the multicast traffic in the shared carrier case on the DL-SCH. This would be similar to using a dedicated channel (DCH) for transmitting Rel-6 MBMS service. To obtain the same high bit rate MBMS at the cell edge using the DL-SCH, the network would however need to assign significant resources to the user in the absence of combining techniques such as SFN. Use of HARQ can be made to improve the performance to some degree at the cost of significant resources. An alternate approach would be to use DL macro-diversity combining in order to improve cell edge performance – this would be similar to the macro-diversity combining technique applied to the S-CCPCH in Rel-6 MBMS. Currently, the DL-SCH is associated with one or more control channels and they both terminate in one cell. In order to support macro-diversity combining it will either be necessary to co-ordinate the scheduling of multicast transmissions over multiple cells. Given the desire to keep the DL-SCH scheduling mechanism and UE behaviour as simple as possible, no benefit is seen from mapping a multicast transmission on the DL-SCH and it is preferable to use SFN combining and use the MCH even in the case of small number of UEs requesting service.
5.
Conclusion

The use of Layer 1 combining techniques is critical to achieving the spectral efficiency targets for multicast services. To support this, it is considered beneficial to transmit multicast transmissions in separate sub-frames using longer cyclic prefix lengths than that used for unicast transmissions. Based on these considerations, it is proposed to agree that:

1. MCCH is mapped to a sub-frame carrying multicast thus allowing for combining techniques such as SFN.

2. FDM multiplexing of unicast and multicast services should not be supported in LTE.

3. The DL-SCH shall be used for unicast transmissions. In order to support multicast transmissions with the spectral efficiency targets identified in TR 25.913, it is preferable to use the MCH even in case of single cell/user multicast transmissions.








































































� Note that if the MCCH used a low-order modulation and coding scheme – say QPSK, R=1/3 – the self-interference effects resulting from delay spread in excess of the cyclic prefix duration might not be critical, and the short CP could be applied, but this would reduce the MCCH spectral efficiency.
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