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1. Introduction

In the TSG RAN meeting #31, LTE MBMS was discussed from the perspective of supporting mobile TV and supporting mobile TV would be added as a requirement for LTE MBMS in 25.913 as: In Broadcast mode E-UTRA MBMS should target the cell edge spectrum efficiency of [1 bit/s/Hz] which is equivalent to the support of at least [16] Mobile TV channels at around 300 kbps per channel in a 5 MHz carrier in an urban or suburban environment.
When the same content for all cells or for a group of cells broadcasting transmitted for SFN operation, techniques to improve the cell edge performance are to be studied and discussed in the TSG RAN WG1. The purpose of this document is to discuss the application of the concept of Cell Group in LTE MBMS and the related issues, such as scrambling, reference signal, macro diversity and so on.
2. Discussion

The downlink transmission scheme in LTE is based on conventional OFDM using a cyclic prefix (short/long CP of 4.7/16.7 (s) [1]. In most cases where the MBMS content is time domain multiplexed (TDM) with unicast traffic or transmitted on a separate carrier, the support for a single long CP length seems to be sufficient obviously. That’s also true for the cases where the MBMS content is frequency domain multiplexed (FDM) with unicast traffic.

The interference is not a serious problem as long as the signals arrive within the reception window defined by the CP length for synchronous E-UTRAN system, but in other cases, the interference coming from surrounding cells would be out of the reception window, and results in great Inter Symbol Interference (ISI).

In some Tough Urban environment, the signals with same content transferred from surrounding cells will not always arrive within the reception window. According to the COST 207 model, the fifth path is 5 (s after the main path and has -2dB mean power, and the sixth path is 6.6 (s after the main path and has -4dB mean power, therefore when accumulated with propagation delay and E-Node B synchronisation error, it is probable that considerable power leaks out of the CP window.

In [2], an alternative synchronization method based on IPDL over air interface is proposed if the GPS or GNSS is not possible due to market reasons. In this proposal, an associated concept of “MBMS Cell Group” is proposed for LTE MBMS. One MBMS Cell Group a cluster of cell or Node B in geography in which there is one master E-Node B.

In fact, the optimal configuration is that only one Cell Group is possible for an aGW area and as an option to foresee, in case of synchronization issues, it’s possible that several cell groups per aGW area could be introduced. 

By using as  a main working assumption, the cell groups are unsynchronised to avoid the complexity and cost by cable synchronization for inter Master E-Node B. A target should be to keep the number of cell groups to a minimum to reduce the complexity and to have a better acceptance by the operators for the cell border spectral efficiency.
3. Proposal

3.1 Cell group

It is proposed that the concept of “MBMS Cell Group” is used in LTE MBMS. Each MBMS Cell Group contains one Master e-Node B, up to hundreds slave E-Node Bs and their relative cells/sectors. The size of a cell group should be defined taking into consideration the latent error accumulation due to synchronisation error via air interface.

In fact, a smaller synchronisation error could make the Cell Group contain much more E-Node Bs. For example, when these is 900 E-Node Bs in a Cell Group, one Cell Group would cover 15(15 km2 with inter-site distance (ISD) of 500m and 50(50 km2 with ISD of 1732m. In this case, some spectral efficiency reduction on the cell group border might be accepted by operators.
Furthermore, if the synchronisation error is very slight, e.g. the precision is less than 100ns, which is similar to the precision of synch with GPS, all E-Node Bs in an aGW could be included in a Cell Group.

Figure 1 shows an example of MBMS Cell Group division in LTE network.
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Figure 1 MBMS Cell Group in LTE

Figure 2 shows the simulation results of CDF of the synchronization departure in the case of (0.3 (s synchronization error per eNB relay via air interface in the network. Here the synchronization departure is the observed maximum node-to-node timing difference in an arbitrary circle with 25 E-Node Bs.

[image: image2.wmf]0

0.5

1

1.5

2

2.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Departure (us)

CDF

One master per 900 NodeB, +/- 0.3 us error per relay


Figure 2 CDF of synchronization departure

3.2 Scrambling and reference signal

With the concept of cell group, the cell group specific scrambling code, that’s, common inside one MBMS cell group but different between different cell groups, can be applied. Synchronous transmissions of the same contents with common scrambling from multiple E-Node Bs in one MBMS Cell Group would results in RF Combining (coherent combining) and improve the reception quality for OFDM based radio access.

Furthermore, cell group-specific scrambling code also could randomise the signal from other cell groups when UE is on the border of cell groups. The MBMS Cell Group-specific scrambling code is illustrated in Figure 3.
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Figure 3 MBMS Cell Group-specific scrambling code for MBMS channel

In addition, we propose a MBMS Cell Group-specific scrambled pilot and data structure as shown in Figure 4, and an additional cell-specific scrambled pilot.
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Figure 4 MBMS Cell Group-specific scrambled pilot and data

3.3 DL macro diversity for MBMS

As described above, when the UE is located inside a Cell Group, the signals from surrounding E-Node Bs of its own cell group certainly arrive within the window defined by CP due to the synchronization of E-Node B in Cell Group. Since the pilot and data are scrambled by the same scrambling code, the MBMS traffic data can be received with RF combining in UE receiver and there is DL macro diversity gain.

When the UE moves to the border of cell group, additional physical branches might be established in UE receiver to soft combine the symbols from difference radio links if UE capability supports. But in order to mitigate the complexity of UE, A hybrid solution of RF combining in the synchronized area and soft combining for one UE simultaneously should be avoided.
4. Conclusion

In the document, the application of cell group in LTE MBMS is discussed, and the related mechanisms, such as scrambling, reference signal, macro diversity are also discussed. It proposed that,

· MBMS Cell Group is defined in the LTE MBMS;

· MBMS traffic data of multi-cell is scrambled by the MBMS Cell Group-specific scrambling code;

· Reference symbol consists in MBMS Cell Group-specific scrambled pilot and an additional cell-specific scrambled pilot;
It is suggested to capture these points in the TR.
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