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1
Introduction

There were extensive email discussions on interference modeling for link level simulation in the past few weeks [1]. Consensus has been reached on many issues and much progress has been made. However, many simulation parameters remain to be determined so that different companies’ simulation results will be aligned. To assist determining some of the simulation parameters, this contribution provides some link level simulation results for some reference IS/IC receivers. Observations and discussions are also provided in this contribution.
2 
Reference IS/IC Receivers 

For an LTE downlink channel, the received signal at a resource element (RE) can be expressed as:
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Note that the actual transmission power and precoding matrix are factored in the channel matrix in the above equation. We can generally assume [image: image3.png]
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Four reference receivers, namely linear MMSE interference rejection/combining (LMMSE-IRC), enhanced LMMSE-IRC (eLMMSE-IRC), symbol level successive interference cancelation (SL-SIC) and full maximum likelihood (ML), are evaluated in this contribution. 
LMMSE-IRC receiver

The LMMSE-IRC receiver is the receiver that has been studied in RAN4 in the Advanced Receiver SI and it is used as baseline receiver for the NAICS SI. 

The LMMSE-IRC receiver uses the CRS or DMRS from the serving transmitter to estimate the channel matrix [image: image9.png]


 of the desired signal, and uses the differences of the received reference signal and the re-constructed reference signal with the estimated desired channel on the CRS or DMRS REs to estimate interference-plus-noise covariance matrix  [image: image11.png]Risr



 [2]. The LMMSE-IRC receiver has a form:
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eLMMSE-IRC receiver

It would be a logical extension to study the possible performance gain of an LMMSE-IRC receiver when the system assists UEs in performing better channel state information estimation, for both desired and dominant interference signals. For the eLMMSE-IRC receiver, we assume channel matrices of [image: image14.png]


 dominant interferers on each RE and the power of noise plus non-dominant interference can also be estimated. The eLMMSE-IRC receiver could have the following form:
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SL-SIC receiver

The symbol level SIC (SL-SIC) receiver can be expressed as:
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where [image: image18.png]


 is a ‘hard’ or ‘soft’ estimation of the interference signal [image: image20.png]
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 is the expectation of the power of the interference signal estimation error.
ML receiver

The ML receiver can be expressed as:
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A full search ML algorithm is evaluated in this contribution as a performance upper bound for more practical sub-optimal ML algorithm implementation.
3 
Link Level Simulation
Some selected simulation parameters are:

Channel Model:


EPA, ETU
Antenna Configuration:

2x2, 4x4

Channel Estimation:

real MMSE channel estimation for desired and interfering channels
Dip Values (in dB):

 [-1.7079   -7.5079]

MCS: 



1) S: MCS5   I1: MCS5, I2: MCS5

2) S: MCS14, I1: MCS14, I2:MCS14

3) S: MCS5, I1: MCS25, I2: MCS25

Interferer on/off states:

I1: on, I2: on 

Receiver type:


LMMSE-IRC, eLMMSE-IRC, SL-SIC, ML
Note: the DIP values correspond to I1/Noc = 6.6 dB and I2/Noc = 0.8 dB. These values were proposed for Phase-1 simulation parameters during email discussions [3]. 
Other simulation parameters are summarized in the table in Annex A.
Figure 1 shows the throughput performance of the four reference receivers (LMMSE-IRC, eLMMSE-IRC, SL-SIC and ML) with MCS configuration MCS5 used for the desired signal as well as the two interferer signals. Figure 2 and Figure 3 show the receiver performance under conditions with different MCS configurations, thus different modulation order combinations. All three figures have results for an EPA channel and an ETU channel (in the left and right plots, respectively).
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Figure 1. Receiver throughput vs. SINR with MCS configuration MCS5-MCS5-MCS5.
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Figure 2. Receiver throughput vs. SINR with MCS configuration MCS14-MCS14-MCS14.  
.
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Figure 3. Receiver throughput vs. SINR with MCS configuration MCS5-MCS25-MCS25. 
From the simulation results shown in Figure1 to Figure 3, we have the following observations:

Observation 1: ML receivers can provide significant performance gain (roughly 2dB in EPA channel and roughly 1dB in ETU channel at half the maximum observed throughputs) over SL-SIC and eLMMSE-IRC receivers only in cases where both the desired signal and the interfering signals have lower order modulation such as QPSK. When either the desired signal or an interfering signal has higher modulation order, the performance gain of ML receivers with respect to SL-SIC and eLMMSE-IRC is very limited.
Observation 2: SL-SIC and eLMMSE-IRC receivers perform slightly better than baseline LMMSE-IRC receiver in a nearly flat fading channel such as EPA, but perform significantly better in more frequency selective channels such as ETU.
Note that the interference-plus-noise covariance matrix [image: image31.png]Risr



 is averaged over three adjacent RBs for the baseline LMMSE-IRC receiver for better accuracy in Figures 1-3.  Each plot in Figure 4. contains one additional curve on how LMMSE-IRC receiver performance is affected by the number of RBs used for interference covariance matrix estimation. The upper left plot is with MCS5-MCS5-MCS5,  the upper right plot is with MCS14-MCS14-MCS14, and the bottom plot is with MCS5-MCS25-MCS25. The Figure shows that when [image: image33.png]Risr



  is averaged over one RB, the LMMSE-IRC receiver performs worse than when 3 RBs is used for [image: image35.png]Risr



 averaging.
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Figure 4. Effects of the number of RBs used for interference covariance matrix estimation on LMMSE-IRC performance in an ETU channel. 
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Figure 5. Receiver throughput performance vs. SINR with 4x4 antenna configuration.

Figure 5 shows the performance of the reference receivers with 4x4 antenna configuration. The desired signal is with 2-layer transmission and each of the two interferences is with 1-layer transmission. All the desired and interference signals are with MCS5.
The left and right plots are with an EPA channel and an ETU channel, respectively.  As can be seen, the receivers have very similar behaviors in the 4x4 configuration to the 2x2 configuration in this low order modulation, except:

Observation 3: More substantial gain of SL-SIC and eLMMSE-IRC receivers over baseline LMMSE-IRC receiver has been observed in 4x4 case compared with 2x2 case.

As EPA has insufficient delay spread to be a realistic model of typical macro-cell propagation, it may not be sufficient for NAICS phase 1 link level calibration.  We think using it may not sufficiently stress the performance of some aspects, e.g. that of channel estimators, and so could miss some of the advanced receivers’ performance gain over the baseline Rel-11 LMMSE-IRC receiver.  We thus propose:

Proposal 1:  A heavier multipath channel (perhaps ETU) might be used in addition to, or in place of, EPA in phase 1 or later simulations.
4
Conclusions

Based on our initial simulation results, we have the following observations and a proposal:
Observation 1: ML receivers can provide significant performance gain over SL-SIC and eLMMSE-IRC receivers only when both desired signal and interfering signals have lower order modulation (such as QPSK).

Observation 2: SL-SIC and eLMMSE-IRC receivers perform slightly better than baseline LMMSE-IRC receiver in channels with low delay spread (such as EPA), but perform significantly better in frequency selective channels (such as ETU).
Observation 3: More substantial gain of SL-SIC and eLMMSE-IRC receivers over baseline LMMSE-IRC receiver has been observed in 4x4 case compared with 2x2 case.

Proposal 1:  A heavier multipath channel (perhaps ETU) might be used in addition to, or in place of, EPA in phase 1 or later simulations.
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Annex A – Simulation assumptions

Table 3:  Simulation assumptions used in the link-level simulation.

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM9 with 1-layer for 2x2 case

TM9 with 2-layer transmission for 4x4 case

	Transmission mode on interfering cell
	TM9, always 1-layer

	Interference on/off 
	On – On

	MIMO configuration
	2x2, and 4x4, low correlation

	Channel model 
	EPA, ETU, 3km/h

	Channel Estimation
	MMSE channel estimation for desired and interfering channels by orthogonal DMRS

	CSI-RS configuration
	4 CSI-RS ports, and 5 ms periodicity

	MCS
	1) S: MCS5   I1: MCS5, I2: MCS5

2) S: MCS14, I1: MCS14, I2:MCS14

3) S: MCS5, I1: MCS25, I2: MCS25

	
	

	DIP value (dB)
	dip2=[-1.7079   -7.5079] (i.e. I1/Noc = 6.6 dB, I2/Noc = 0.8 dB)

	PMI for target signal
	wideband PMI

	H-ARQ
	8 HARQ processes and max 1 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 ms; Feedback delay: 8 ms

	PCFICH
	CFI = 2

	Cyclic prefix
	Normal

	Simulation length
	4000 sub-frames


