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1. Introduction

Dedicated cell to LTE MBMS and mixed cell of MBMS and unicast were agreed as the two basic deployment scenarios at the RAN2 LTE Ad-hoc meeting in June [1]. Although several proposals had been proposed to discuss the feature in dedicated cell for MBMS or mixed cell [2][3], the scenarios of detail network configuration of SFN and non-SFN still in lack. This contribution first clarifies the behaviour of SFN in dedicated cell and mixed cell, and then proposes the possible deployment scenarios of a hierarchical network configuration.
2. SFN in dedicated cell and mixed cell

A cell dedicated frequency layer uses SFN for LTE broadcast/multicast transmissions. On this cell dedicated frequency layer, there is downlink only and doesn’t support unicast data transmission. Additionally, a subset of sites with higher transmit power within a geographic area can be used for MBMS and only this subset needs to be synchronised, as Figure 1 shows.
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Figure 1 A cell dedicated frequency layer for SFN

In systems with unicast and multicast traffic multiplexed within the same carrier, TDM transmission of unicast and multicast traffic is considered. Multicast traffic, whether the multi cell transmission content or single cell transmission content, is the only traffic being transmitted in a given sub-frame.
In this case, each frame could contain SFN subframe shared among a group of cells and unicast subframe or cell-specific (non-SFN) MBMS content. Obviously, the SFN subframe needs to be scheduled in all cell and the contents needs to be the same.
The non-SFN subframes can be used to transmit non-SFN eMBMS or unicast data. Within these subframes, each one can be assigned either to cell-specific MBMS content or unicast services which scheduled by MAC layer, as shown in Figure 2.
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Figure 2 TDM of SFN, cell specific and unicast service

In figure 2, the SFN subframes and non-SFN subframes would use different CP lengths. On the other hand, since SFN subframes are transmitted in all eNBs, that all of sites should be synchronized. Additionally, the radio resource scheduling and allocation within SFN traffic and unicast traffic would configured statically by O&M.

3. Hierarchical network configuration

Four kinds of frequency layer configuration can be applied in LTE MBMS and/or unicast.

(1) Cell dedicated to LTE MBMS transmission

It must be SFN mode. On this cell dedicated frequency layer, it is downlink only and no support for unicast data transfer. A subset of sites within a geographic area with higher transmit power are used for MBMS and then only this subset need to be synchronised.

(2) Mixed cell with SFN

It supports for unicast plus broadcast/multicast in the same cell i.e. in a co-ordinated manner. In additional, all of sites are synchronised in SFN area and SFN subframe with identically content in all cell are time multiplexed with unicast and be time synchronized.

(3) Mixed cell without SFN

It supports for unicast plus broadcast/multicast in the same cell. All of sites are unsynchronised and only single cell transmission MBMS is supported. Unicast and single cell transmission MBMS service are FDM/TDM based on the inter cell interference co-ordination scheme.

(4) Cell dedicated to unicast transmission

It doesn’t support for broadcast/multicast data. Similar to the cell dedicated to LTE MBMS transmission, a dedicated frequency layer for a single class of service would bring higher efficiency and simpler operation.

When only 2 layer hierarchical network is considered, six deployment scenarios for unicast together with MBMS in E-UTRAN can be identified with the above 4 frequency layer configurations. Furthermore, It is possible to narrow down the options considering their the applicability.

The following two cases are excluded for redundancy:

· Cell dedicated to LTE MBMS transmission & Mixed cell with SFN

· Mixed cell with SFN & Mixed cell without SFN

The following two cases are excluded because they make no sense:

· Cell dedicated to LTE MBMS transmission & Cell dedicated to unicast transmission

· Mixed cell without SFN & Cell dedicated to unicast transmission

The remaining deployment scenarios are then:
· Cell dedicated to LTE MBMS transmission & Mixed cell without SFN

· Mixed cell with SFN & Cell dedicated to unicast transmission

Scenario a): Cell dedicated to LTE MBMS transmission & Mixed cell without SFN

This scenario is suitable for the area where massive video broadcast/multicast services are to be provided, for example, Mobile TV channels. A separate carrier in a subset synchronised sites with higher transmit power can provide these service more easy, and the network configuration would be simpler. Unicast service, even a few of single cell transmission multicast service could be transmitted in the mixed cell without SFN. Furthermore, a cell dedicated to unicast transmission could be also included in this scenario as an expansion for the huge requirement for both mobile TV service and interactive multimedia service in the near future.

Scenario b): Mixed cell with SFN & Cell dedicated to unicast transmission
This scenario is suitable for the area where it needs to provide a few of broadcast/multicast services. The resource occupied by SFN in mixed cell mode can be configured by O&M to suit the MBMS service amount. Furthermore, cell dedicated to unicast transmission may not be configured in this scenario for the requirement for both unicast and broadcast/multicast services are all slight.

The Figure 4 below shows each scenario, and its variation.
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Figure 4 Hierarchical network in LTE

4. Conclusion
In this report, the possible deployment scenarios of the hierarchical network configuration have been analysed, and two network deployment are obtained at last,
1. Cell dedicated to LTE MBMS transmission & Mixed cell without SFN

2. Mixed cell with SFN & Cell dedicated to unicast transmission

And their varieties are, 

3. Cell dedicated to LTE MBMS transmission & Mixed cell without SFN & Cell dedicated to unicast

4. Mixed cell with SFN

It is proposed to capture the upper network deployment for LTE broadcast/multicast into the appropriate part of the TS.
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