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1. Introduction
Many advanced receiver types (SLIC, R-ML, CWIC, E-IRC) are applicable to LTE and are within the scope of the multiuser superposition (‘MUST’) study [1]. It should be noted, though, that the MUST transmission setup is quite different from e.g. NAICS, and therefore assumptions on which receivers to focus on should be revisited.  In particular, a hard CWIC receiver is quite suitable in the MUST case, whereas it is not feasible in the NAICS case.  Therefore, in this contribution, we present a link to system model of a hard CWIC receiver that is conceptually simple and easy to implement in a system simulator, and captures the most important aspects for MUST.  
2. Discussion
2.1. Receiver type
In a network controlled superposition transmission technique such as MUST, it is possible for the network to ensure that all data layers of interest are decodable at the intended receiver. This is typically not the case in the uncontrolled interference environment which is typically assumed for NAICS, and where a UE cannot be assumed to be able to demodulate and completely decode the interfering data streams from other cells. For MUST, we should therefore focus on receivers with maximum IC performance and not be limited to the receiver choices done in the NAICS SI. 

A CWIC receiver utilizes the redundancy introduced in both the symbol constellation and the coding of the transmission, whereas SLIC/R-ML receiver only exploits the symbol constellation, and it is clear that the IC gains of the former will be strictly better if we have the needed transport format parameters at the receiver.

This contribution therefore focuses on a Link-to-System model for a hard CWIC receiver type. The model is conceptually simple to understand and agree on and the implementation in a system simulator is straightforward. The model can also easily be used for the baseline simulations, i.e. without CWIC.

2.2. Hard CWIC Link-to-System Model

A flow chart for a hard CWIC receiver is outlined in Figure 1 below. It is assumed that this flow is followed for each data layer of interest in the current UE. It is assumed that the format parameters for the different data layers can be acquired either by signaling (preferred) or blind detection. This knowledge is used together with channel estimates to form a sorted list of layers in order of estimated decodability from most likely decodable to most unlikely decodable. 
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Figure 1: A flow chart for the hard CWIC receiver.
The sorting of layer may mean that the layer of interest gets decoded first, or at least before all interfering data layers are decoded, and naturally the decoding can stop when this is done. 
The cancellation step of a hard CWIC receiver is straightforward. If the CRC of the decoded data layer is correct, then we know exactly what was transmitted, and the regenerated received signal can be reconstructed using channel estimates to the quality level of the channel estimates. (This is not the case for a soft IC receiver, where channel estimation error plays a larger role.) If the CRC of the decoded data is incorrect, then no cancellation of this data layer is performed. 

In the Link-to-System model of the above receiver structure, the aim is to provide a BLock Error Probability (BLEP) for each data layer of interest. We will use existing BLEP models for the LTE Turbo Decoder given a set of input symbol SINRs.
Assume we receive in total N data layers, and assume for notational simplicity that all layers are completely overlapping in terms of used resource elements (if this is not true, then the unused elements for a data stream can be replaced with zeros). The receiver data signal vector per resource element r is
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 is the effective channel of data stream n and x is the transmitted signal, e is noise. In the case of no IC of any stream, the expected SINR for data stream n per resource element r then becomes
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where 
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 are the receiver weights, calculated by the receiver given certain channel and interference estimates (e.g. MMSE-IRC weights).
With IC, we introduce a power scaling constant per stream 
[image: image6.wmf]n

a

. Since we model hard CWIC, this constant can either be equal  to one, in case no successful decoding has been done for layer n, or zero, if the layer has been successfully decoded.
The corresponding data layer SINR with CWIC effects then becomes
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Given a set of symbol SINR values 
[image: image8.wmf]n

SINR

, a standard LTE Turbo Decoder model is used to map these values into a codeword BLEP (block error probability). A draw is done according to this BLEP to simulate a successful or not successful decoding. If the draw indicates a successful decoding, then the corresponding scaling constant 
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 is set to zero to indicate that this layer is successfully removed.

The flow chart of the complete model is shown below in Figure 2.
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Figure 2: A flow chart of the complete Link-to-System model of the hard CWIC receiver.

3. Conclusion
We have presented a Link-To-System model of the (hard) CWIC receiver that is conceptually simple and easy to implement in a system simulator. While it does not model the aspects of soft IC, it captures the most important aspects for MUST, and does not require large amounts of link simulations nor look-up-tables to operate, which makes it suitable for standardization where alignment and a common understanding of the concept is important.
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