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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 was provided in [3]. The L1 multiplexing aspects of broadcast/unicast superposition are discussed in [4]. In this contribution, we discuss some of the implementation complexity issues associated with the proposed broadcast and unitcast superposition.
2 Unicast/MBMS Superposition Complexity
2.1 Interference cancellation
In the proposed broadcast superposition and interference cancellation approach, the unicast decoding only happens after decoding the broadcast information. This may represent a significant computing burden on the mobile station processing and battery life if it continuously needs to perform interference cancellation on the broadcast traffic. However, we know that in packet based communications a user receives traffic for short periods of time with large inactivity periods in between. During inactivity periods, mobile only need to listen to control information such as paging messages and scheduling grants transmitted from the network. Therefore, a system design that minimizes the computation effort for the mobile stations require that the control information is transmitted on orthogonal OFDM subcarriers. In this way, a mobile who is listening to just the control information does not need to perform interference cancellation of the broadcast traffic. When a traffic transmission happens for a mobile, it is indicated via the scheduling grant. Therefore, a mobile needs to perform interference cancellation of the broadcast signal only when it is receiving unicast traffic transmission. It is also possible 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.  In general, the control and signaling information uses around 20-30% of the system bandwidth leaving remaining 70-80% of the bandwidth for traffic. Therefore, even by using orthogonal subcarriers for control and signaling, the broadcast traffic can be superimposed on a large fraction of the traffic bandwidth.

In general, the control and signaling channels do not use Hybrid ARQ and therefore needs to be transmitted with very high reliability on the first transmission attempt. Allocation of orthogonal resources to signaling and control assures high reliability for the critical system control information.  The power allocated to control channels can also be adjusted dynamically by controlling the control channel gain factor.  

A Broadcast Information Block is independently coded along with a CRC and is transmitted within a TTI as shown in Figure 1. By using the same TTI for both broadcast and unicast, practically no additional delay is introduced for the unicast traffic as shown in Figure 1. The Unicast decoding starts immediately after decoding of the broadcast information block. It can be noted that use of outer coding such as Reed-Solomon code is still possible for broadcast if needed. It can be noted that some loss of time-diversity for broadcast may occur relative to the case where the broadcast information block may be transmitted over multiple subframes. However, in the broadcast superposition and interference cancellation approach, broadcast traffic benefits from full frequency diversity because the broadcast signal is transmitted over almost the whole system bandwidth making it less dependent upon time diversity. 
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Figure 1 Broadcast and unicast Block decoding

2.2 Dynamic range and ADC complexity
Another complexity issue associated with the unicast/broadcast superposition is the increased dynamic range and the ADC bit width due to the required 10-20 dB power ratio between MBMS and unicast. While this increase in dynamic range would require an increase of word width by about 2 to 4 bits, it might not dramatically affect the cost and complexity of the equipment. For UE equipment, a typical ADC has 4 to 6 bits. The complexity and cost increase of an ADC from 4 bits to 8 bits may be manageable since the overall bit width is less than 12 to 16 depending on the technologies the ADC design is based on, where the cost and complexity of a high sampling rate ADC would start increasing significantly faster if more bits are required. 
Considering the situations outlined in the previous section or when only the broadcast signal exists, the complexity and the energy consumption could be further reduced by dynamically changing the ADC resolution based on the actual requirements. For example, when only the broadcast signal exists, the ADC resolution may reduce to a much lower level comparing to the time when both the broadcast and the unicast signals are present. For ADC employing the so-called sigma-delta technology, this change of ADC resolution may be accomplished by changing the sigma-delta sampling rate as illustrated in Figure 2. For a flash ADC, its resolution can be changed by turning on and off the number of comparators of the A/D converter. The change of ADC resolution helps to reduce the power consumption of the A/D converter. It would also reduce the complexity and the power consumption of the subsequent processing circuits or units as described in the following section.
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Figure 2 Dynamic change of the resolution/bit width of an A/D converter
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Figure 3 Illustration of the word width change in a processing unit

2.3 Word widths of data buffers and processing units 
When the ADC resolution dynamically changes according to the processing requirements, the word widths of related memories and registers may also change to reduce the complexity and energy consumption. This can be done by setting the corresponding higher bits to the tri state. Other processing units, such as multipliers, algorithmic logic units (ALU’s) should also only perform the necessary operations based on the current word width requirement. This concept of dynamically changing the word width operational mode of a processing unit is graphically described in Figure 3.
3 Conclusion
The increased dynamic range due to the required 10-20 dB power ratio between MBMS and unicast would certainly increase the complexity of the equipment and their power consumption. However, with careful engineering design and proper control signalling indicating the operation status, this increase in complexity/cost and energy consumption may be reduced to a manageable level. On the other hand, the additional spectral efficiency increase due to the superposition of MBMS and unicast is significantly more important than the possible addition in complexity and cost. Therefore, we recommend that physical layer UE capability support include MBMS/unicast superposition.
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