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1. Introduction

RAN1 80bis has discussed and agreed some simulation details as follows for downlink superposition transmission scenarios:

· MUST Scenario 1: Homogeneous network with macro cells only
· MUST Scenario 2: Heterogeneous network with separate-frequency deployment between macro cells and small cells
· FFS uniformly distributed or clustered small cells
· FFS whether or not co-channel deployment should be further evaluated
· No network coordination is assumed in above deployment scenarios

· Targeted at PDSCH 
· Targeted intra-cell interference scenarios up to two superposed data layers from two co-scheduled UEs per spatial layer (or beam) are considered in this study

· Working assumptions for traffic modeling 

· For the evaluation of multiuser superposition transmission, the following cases are at least studied

· Transmissions to superposed UEs use the same transmission scheme 

· FFS: mixed transmission scheme cases

· For 2x2 antenna configuration, SU/[MU]-MIMO is considered as the baseline performance.

· For 4x2/4x4 and [8x2] antenna configurations, SU/MU-MIMO is considered as the baseline performance.

· The same receivers for inter-cell interference suppression and for inter-spatial layer interference suppression should be considered to both baseline and MUST.

· Hard CWIC, SLIC and R-ML receivers studied in Rel-12 NAICS should be used as candidates for superposed UE’s interference suppression as the starting point.

More RAN1 agreements can be found in [1].  The simulation methodology has been agreed in [2][3] but is subject to further clarification for some details. In this contribution, we share our consideration for simulation methodology for link level and system level simulations. 
2. Link-to-System Mapping Methodology
2.1.  R-ML Link-to-System Model
For the R-ML receiver, the modelling methodology proposed in [4] for NAICS could be reused with revised upper and lower bounds of SINR. The general approach is to derive the mutual information per transmitted bit (MIB) on each RE of the PDSCH, and then average the MIB over all REs before mapping the averaged MIB to a BLER. The received mutual information of an R-ML receiver at a RE is based on a weighting between the MIBs at a lower-bound and an upper-bound SNR, as described as follows
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where SINRlower and SINRupper represent the lower- and upper-bounds of the post-processing SINRs of the R-ML receiver, the function f(x) maps one SINR value to the corresponding MIB (can be found in Table 24 of [5] for different modulation orders), and 0 <  is a calibration factor used to approximate the MIB of the actual R-ML receiver. 
For a typical scheme where two UEs are paired for DL superposition transmission, it is assumed that the eNB is equipped with two transmit antennas, and each UE has two receive antennas. Note that the example here has assumed that two UEs are precoded by the identical precoding matrix or vector. The received signal model at the near UE after the whitening of the noise-plus-intercell-interference could be represented as
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where hN=GpN, G is the 2-by-2 complex effective channel matrix, and pN is the precoding matrix, 
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 is the power splitting factor among near- and far-users, P is the eNB transmitted power, sN and sF are the unit average power modulated symbols intended for the near UE and far UE, respectively, wN is the white Gaussian vector with the identity covariance matrix I due to the contribution of the thermal noise plus inter-cell interference. Therefore, the post-MLD SINR could be lower-bounded by the post-MMSE receiver SINR and upper-bounded as a genie-aided IF receiver as:
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The next procedure is to build up look-up tables to obtain the weighting coefficient , described as follows: 
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where 
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 denotes the interference-to-signal ratio (ISR) defined as: 


[image: image7.wmf]1

1exp

ISR

a

a

-

æö

=--

ç÷

èø

.        

                              
(5)
Link abstraction model parameters
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 are for optimization.  Detailed training procedures to obtain these optimal parameters are available in [5]. The tuning procedure can cause the resultant tuned
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 to be smaller than zero due to the non-ideal implementations of detection and decoding, especially at low ISRs.
In summary, link abstraction method needs only the table of three parameters
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-ary constellation from which sN and sF are selected,  along with the MIB mapping functions of interested modulation levels and AWGN reference curves of interested MCSs, respectively denoted by 
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2.2.  CWIC Link-to-System Model

For the CWIC receiver, the far UE’s signal 
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 is first decoded and then reconstructed back to symbol level for hard Turbo L-CWIC if the CRC passed. However if CRC fails, the near UE may use R-ML, SLIC receiver or MMSE-IRC as a backup receiver. The overall procedure can be summarized in Figure 1.
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Figure1. A block diagram of the hard L-CWIC receiver
As assumed, the received signal at the near UE could be modelled as in (2). An interference cancellation parameter 
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 could be included in calculating the corresponding SINR, where 
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represents that the decoding of the far UE’s signal is successful and 
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indicates that the decoding of the UE’s signal is not successful. Therefore, the SINR with CWIC could be expressed as
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Given a set of symbol SINR values, a standard LTE Turbo Decoder model is used to map these values into BLER performance. A draw is done according to this BLER 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 the far UE’s signal is successfully removed.

2.3.  Symbol-Level IC Link-to-System Model
Generally, the system level modelling methodology for SLIC is carried out by two steps. The first step is to derive the post-processing SINR. After that, the simulator predicts the instantaneous BLER for each transmission block by a link quality model (such as MIESM, EESM etc.) based on the input SINRs.
Here, we will only focus on how to obtain the post-processing SINRs. Once the far UE’s signal is detected, it could be removed from the received signal. However, the far UE’s signal cannot be completely removed in a practical system. Let 
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 denote the residual error and 
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 be the variance of demodulated symbols’ residual error, 
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where L is the number of trials. 

Considering the remaining interference after SLIC, the post-processed SINR of the desired signal could be expressed as 
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where
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can be obtained by looking up a predefined SNR-to-variance mapping table. Here a simple link level simulation is proposed to estimate 
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. The link simulation process is illustrated in Figure 2.
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Figure2.  Link simulation structure for variance calculation

Assuming the transmitted complex symbol is x, x belongs to a certain modulation constellation Aj, j=1,…,M, M is the modulation order. The received signal in an AWGN channel is given by

	
[image: image37.wmf]yxn

=+

,
[image: image38.wmf](

)

2

0,

~

N

CN

n

s

.
	(10)


When the receiver performs hard decision, 

The estimated constellation Aj can be obtained by selecting the candidate symbol with minimum Euclidian distance. Take N trials for one SNR, then the variance 
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 can be calculated as
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When the receiver performs soft decision,
The estimated soft constellation 
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 can be calculated by 
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Also take N trials for one SNR, and the variance 
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 can be calculated as
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After running simulation for different SNRs and different modulation orders, we obtain a SNR-to-variance mapping table which is applied to the system level simulation for each modulation type in advance. 
In the link-level simulation, SNR to BLER curves should be derived to compare the performance among different MUST schemes and receiver types: 
· For MUST schemes based on power allocation, SNR to BLER curves of a near (far) UE, for a given power allocation, MCSs of far and near UE, and SNR of far (near) UE should be derived, or

· For MUST schemes based on rate allocation, SNR to BLER curve of a near (far) UE, for a given rate allocation to far and near UE, and SNR of far (near) UE.
The dominant intra-cell interferer, i.e. the far UE, should be modelled based on several settings of SINR related to different geometry calibration and other scheduling assumptions. 
3. Conclusions

In this contribution we have discussed simulation methodologies for downlink superposition transmission schemes with linear UE superposition. RAN1 should continue discussing and calibrating LLS results for different use cases once the targeted superposition scenarios have been agreed. 
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