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1 Introduction
The achievable SINR for multi-cell MBMS traffic transmitted in SFN mode (i.e. synchronously from multiple cells) depends significantly on the ISD, as shown in ‎[1]. In practical networks, however, the ISD is different for each pair of sites and varies strongly over geographical area, e.g. between urban and rural areas. 

If the SFN transmission mode is set sufficiently robust for high ISD areas and the same mode is used for low ISD areas in order to benefit from SFN combining, then the low ISD areas cannot fully exploit their throughput potential. On the other hand, if the transmission mode is set less robust to fully exploit the bitrate potential of low ISD areas and the same mode is used for high ISD areas, then the bit or packet error rate in high ISD areas is too high.
This contribution proposes schemes for SFN MBMS transmission taking into account the varying ISD.

2 MBMS multi cell SFN transmission over areas of varying inter site distance
As shown in ‎[1] and reproduced in Figure 1, the achievable SINR and thereby capacity for multi-cell MBMS traffic transmitted in SFN mode (i.e. synchronously from multiple cells) depends significantly on the ISD.If an SFN should be established over a larger geographical area comprising areas of large and small ISD, the question arises which modulation and coding scheme to use.  


[image: image1]
Figure 1: Broadcast capacity versus inter-site distance.

The SINR can be limited by noise or intercell interference, depending on the transmit power available in particular in the high ISD areas. If intercell interference is the limiting factor, increasing the transmit power does not improve the SINR. Furthermore there are obviously limits to how much the transmit power could be increased for larger cells.
Alternatively to increasing the transmit power per resource block, the following technique is proposed:

·  set the robustness of the transmission mode to meet the low ISD areas; this signal is denoted the base signal 
· use additional TTIs or RBs for the particular MBMS bearer (MCH) in areas of high ISD. 

· a) transmit the same signal as the base signal on additional radio resources in high ISD areas; the receiver in these areas (coherently) combines the signals received from all radio resources that are used for the considered service in the considered cell. Thereby the signal to noise SNR ratio increases; this approach is useful for noise limited cells.

· b) alternatively, the signal transmitted on the additional resources in high ISD areas adds redundancy to the base signal. This approach is particularly useful for interference limited cells.

This approach could also be viewed as using blind HARQ type 1 or 2 retransmissions in areas of high ISD.

In this approach additional energy and possibly, in alternative b), also redundancy is transmitted from sites having high ISD to their neighbors. Additional redundancy can be transmitted e.g. if the same channel code is used everywhere for the considered SFN transmission, but with different degrees of puncturing from cells in areas of high and low ISD. 

The UE combines the bits from all radio resources belonging to the same media stream in the channel decoder.

Compared to a simple increase of the transmit power on a particular RB, the addition of further RBs has the advantage that adding additional RBs gains from time and/or frequency diversity.

Adding redundancy has the advantage over simply adding of energy that it reduces the BLER even in interference limited cells. Furthermore, even in noise limited cells adding redundancy is more efficient than adding energy, because it acts as an increase of transmission bandwidth by a factor that is equal to number of added RBs as opposed to an increase in the SNR by the same factor. 

3 Summary

This contribution has proposed a scheme for SFN MBMS transmission taking into account the varying ISD. To compensate for the lower SINR in the geographical areas with high ISD, additional radio resources (resource blocks, subframes) should be used and combined in the terminal with the resources transmitted in both high and low ISD areas. 
4 Proposal
We propose that E‑UTRA should be capable of the following:

1. Replicate the data sent over MCH in SFN mode on multiple resource blocks and/or subframes, implementing in essence blind repetition retransmission.

2. Implement blind incremental redundancy retransmission for the MCH in SFN mode, where the channel encoded data of the MCH is split into several layered parts that can be transmitted in different resource blocks and/or subframes.

3. Provide for necessary signalling to inform the UE about which resource blocks and or subframes it needs to combine before channel decoding.

The third capability would be responsibility of RAN2 (and probably also RAN3) whereas 1 and 2 are the responsibility of RAN1. 
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