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1 Introduction

The broadcast/unicast superposition approach has been proposed for E-UTRA in [1]. The scheme superimposes broadcast and unicast traffic and cancels the broadcast signal before unicast demodulation and decoding. Using this technique, the SFN broadcast interference to unicast traffic from own cell and neighbouring cells is eliminated. In [2], we presented the system performance of the Unicast/MBMS superposition and Interference Cancellation scheme while the link performance results were provided in [3]. The physical layer UE capability and complexity aspects of broadcast/unicast superposition are discussed in [4]. In this contribution, we discuss L1 multiplexing aspects of broadcast/unicast superposition.
2 Unicast/MBMS Superposition
In the case of time or frequency division multiplexing of Unicast and MBMS, orthogonal resources need to be allocated to the two traffic types.  However, with Unicast/MBMS superposition approach, the same time-frequency resources are used for simultaneous transmission of Unicast and MBMS traffic as shown in Figure 1. The Unicast/MBMS superposition approach superimposes the broadcast signal over the unicast traffic and cancels the broadcast signal before unicast demodulation and decoding. Using this technique, the broadcast interference to unicast traffic from own cell and neighbouring cells can be eliminated thus improving the overall system capacity and efficiency. In a single frequency network (SFN) based MBMS transmission, interference from all the cells in a broadcast zone is cancelled in a single-step by cancellation of the composite received MBMS signal. The composite received signal is reconstructed for cancellation purpose by using the composite channel estimates based on MBMS reference signal. The broadcast signal uses excess unicast power available in interference limited situations for SFN operation therefore converting the unused power into useful capacity.  

The MBMS/Unicast superposition and interference cancellation approach can be viewed in two different ways:

· The MBMS signal is transmitted over the unicast resources without affecting unicast performance while allowing for additional “free” capacity for MBMS.

· Additional unicast traffic can be transmitted in parallel with MBMS on resources reserved for MBMS. A significant unicast capacity advantage can be obtained with little or negligible reduction in MBMS capacity.

It should be noted that UEs receiving only MBMS traffic need not be aware of if unicast traffic is transmitted on the same resources or not because MBMS simply assumes unicast transmission as background interference. In this regard, unicast traffic can also be transmitted in parallel with MBMS on a MBMS separate carrier if such an approach is employed. The scheme also allows to schedule only interference cancellation capable UEs in superposition with MBMS. The UEs that are not capable of interference cancellation can be scheduled on orthogonal resources to those used for MBMS.
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Figure 1: Unicast and MBMS Multiplexing approaches
3 L1 Multiplexing
The transport blocks (L2 PDU) from the downlink shared channel (DSCH) and MBMS traffic channel (MTCH) are channel coded and modulated independently as shown in Figure 2 . The modulation symbols from the two transport channels are then linearly superimposed (added) before mapping to resource blocks. 

The link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel. In case of multi-cell MBMS using SFN, the modulation and coding used for MTCH is common for all the cells forming the SFN. 
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Figure 2: Modulation, coding and superposition
4 Summary
In this contribution, we provided a L1 multiplexing model for unicast/MBMS superpsotion scheme. It was noted that the superpsotion of MBMS and unciast can simply be achieved by linearly superimposing the modualtion symbols for downlink shared channel (DSCH) and MBMS traffic channel (MTCH) before mapping to the reosurce blocks. We rcommend that the proposed L1 multiplexing model for unicast/MBMS superpsotion is captured in Evolved UTRA draft specifications.
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