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1
Introduction

During RAN Meeting #59 in Vienna, Austria, the Rel-12 study item “Network Assisted Interference Cancellation/Suppression” was approved. Study objectives and time slots have been allocated to RAN1 and RAN4. One of the study objectives of this SID for RAN4 is [1]:
2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 
In this contribution, we will provide some high level discussion on the identified baseline receivers for interference cancellation/suppression study. Some preliminary simulation results are also provided.
2 
Candidate Advanced Receivers 
Three advanced receivers, MMSE-IRC, SIC and ML, are considered as the starting point for this SID. In this section, we will discuss some of the identified advanced receivers for interference cancellation or suppression. This contribution is focused on inter-cell interference mitigation on the PDSCH channel.
For an LTE downlink channel, the received signal at a resource element (RE) can be expressed as:
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 are the desired signal targeted to the UE and its corresponding propagation channel, respectively, [image: image7.png]
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 interfering signals and their corresponding channels, and [image: image15.png]


 is an additive white noise vector. It can be assumed that the signals transmitted from different sources and different MIMO layers are mutually independent to each other and with unit power. Thus we have: [image: image17.png]
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. Note that the actual transmission power and precoding matrix are factored in the channel matrix.
The Rel-8/Rel-9 baseline receiver, MMSE receiver, ignores the fact that interfering signals are spatially colored signal. MMSE receivers treat interference as white noise. Along with the channel matrix for the desired signal, only interference-plus-noise power [image: image23.png]=
Ofin



 needs to be estimated by the MMSE receiver. The MMSE receiver can be expressed as:
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2.1 
MMSE-IRC receiver

Using a proper spatially colored interference model, an MMSE interference rejection/combining receiver (MMSE-IRC) is expected to outperform the MMSE receiver in strong interference scenarios. In Rel-11 advanced receiver SID, RAN4 studied two approaches of the MMSE-IRC receiver realization. One approach is to use data REs to estimate overall signal-plus-interference-plus-noise covariance matrix [image: image26.png]Roipin



. The MMSE-IRC receiver has the form of:
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Another approach to realize the MMSE-IRC receiver is using the CRS or DMRS from the serving transmitter to estimate the channel matrix [image: image29.png]


 of the desired signal, and using 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: image31.png]Risr



 [2]. The MMSE-IRC receiver has a form:
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The RAN4 Rel-11 advanced receiver study shows that CRS or DMRS-based MMSE-IRC receiver outperforms data RE-based MMSE-IRC receiver [2]. 
The above MMSE-IRC approaches can be applied to intra-cell interference suppression in MU-MIMO scenarios as well as to inter-cell interference suppression.

For the Rel-12 NAICS SID, it would be a logical extension to study the possible performance gain of an MMSE-IRC receiver when the system assists UEs in performing better channel state information estimation, for both desired and interference signals. For example, the system may provide interference measurement reference signals to allow a UE to [image: image34.png]more accurately
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, or even to estimate the channel matrices from each interferer, or for combined interference, at each RE. When channel matrices with [image: image38.png]


 dominant interferers can be estimated, the MMSE-IRC receiver could have the following form:
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For intra-cell interference mitigation in SU-MIMO case, the MMSE receiver works similarly to the above MMSE-IRC to suppress the inter layer interference. 
2.2 
SIC receiver
There are two types of successive interference cancellation (SIC) receivers; one is when only symbol demodulation is involved in the SIC process and the other one is when FEC decoding is involved. It can be expected that, if the FEC decoding is involved in the SIC process, the performance will be improved compared to the one only using symbol demodulation. However, FEC decoding will require that all detailed coding information and resource allocation information of the interference signal be available to the UE receiver. This requires a lot of system coordination and signaling overhead. In our view, SIC using only symbol demodulation is more feasible. 

The symbol level SIC receiver can be expressed as:
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 is the quantized estimation of the interference signal [image: image44.png]


.
To use this SIC receiver, the receiver needs to know the modulation order of the interference signal and (an estimate of) the channel matrix of the interferers as well. This requires system assistance in providing the interference modulation order and providing means to estimate the interference channel metrics.
It is a general understanding that an SIC receiver can perform well in case that the interference signal is much stronger than the desired signal. Therefore, SIC receivers are well suited for some inter cell interference scenarios like range extension in HetNet, or intra-cell interference in some SU-MIMO cases. However, for inter-cell interference in homogeneous networks, the interference signal can generally be expected to be weaker or not much stronger than the desired signal. In this case, the performance advantage of SIC receiver over MMSE-IRC receiver may be questionable.
2.3 
ML receiver

Treating the interference as un-known deterministic QAM signal, ML receivers can jointly estimate the desired signal and the interference signals. It is generally understood that ML receivers provide an optimal performance compared to other receiver structure. SIC receivers can be viewed as sub-optimal realizations of ML receivers. SIC receivers have less computational complexity with some performance degradation as compared to ML receivers. The ML receiver, like the SIC receiver, requires information of the modulation order and channel metrics of the interference signals. The ML receiver can be expressed as:
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where, [image: image47.png]


  is the set of constellation points of the modulations used for desired signal and interference signal. In an actual implementation of an ML receiver, the estimate of the interference signal [image: image49.png]


 can be discarded. 
It can be expected that the ML receiver would provide good performance in both intra-cell and inter-cell interference mitigation. However, when the number of layers of the desired signal plus interference signals is large and when the modulation orders are high, the full ML receiver is very computationally complex and may not be feasible to implement. For example, a total of four layers of 64QAM modulated signal will require about 16 million hypotheses. This is a very large number of possible combinations for a UE receiver to check with, and some performance-complexity trade-off has to be taken for this high order modulation and large number of layers. Some well-known sub-optimal ML-type receivers, for example, sphere detectors, could be considered as candidate receiver for this SID.
3 
Link Level Evaluation
For link level evaluations, the methodology used in Rel-11 advanced receiver study could be a good starting point. As the NAICS SID has different objectives and different deployment and interference scenarios to target, new link evaluation methodologies should be discussed. For example, as intra-cell interference in MU-MIMO and inter-cell interference in possible dense Rel-12 small cell deployment scenarios may also be considered as the target scenarios for NAISC study. The DIP values for these scenarios could be quite different from the DIP values used in the Rel-11 advanced receiver study [2]. The link evaluation geometry points could also be different from the Rel-11 advanced receiver study to yield a meaningful conclusion. 

In this section, we provide some preliminary link level simulation results to compare the performance of the advanced receivers mentioned in the previous section, using the evaluation methodology for the Rel-11 advanced receiver study. The simulation parameters are mostly aligned with that used in the Rel-11 advanced receiver study and are listed in the table in Annex-A.
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Figure 1. Frequency efficiency for different receivers with 2x2 MIMO configuration.
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Figure 2. Frequency efficiency for different receivers with 4x2 MIMO configuration.
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Figure 3. Frequency efficiency for different receivers with 4x4 MIMO configuration.

Figures 1 to 3 show the frequency efficiency performance of different receivers in antenna configuration of 2x2, 4x2 and 4x4 cases, respectively. In above figures, the curve with the ‘MMSE’ legend corresponds to Rel-8/Rel-9 MMSE baseline receivers, ‘MMSE-IRC’ corresponds to the Rel-11 advanced receiver study item MMSE-IRC receiver based on DMRS interference covariance matrix estimation, ‘MMSE-IRC-iCH’ is a MMSE-IRC receiver with system assisted interference channel estimation, ‘MMSE-SIC’ corresponds to SIC receiver with system assisted interference channel estimation and known interference modulation order, and ‘ML’ corresponds to a full ML receiver with same known interference information as in MMSE-SIC receiver.
The following table summarizes the performance gain of different receivers over an MMSE receiver. For MCS8, the performance are checked at -3dB geometry and for MCS11, the performance are checked at 0dB geometry.
Table 1. Receiver throughput performance gain
	Ant Config
	MCS
	
	MMSE
	MMSE-IRC
	MMSE-IRC-iCH
	MMSE-SIC
	ML

	2x2
	MCS8
	Efficiency
	0.287
	0.354
	0.372
	0.378
	0.404

	
	
	Gain
	0.0%
	23.3%
	29.6%
	31.7%
	40.8%

	
	MCS11
	Efficiency
	0.453
	0.532
	0.561
	0.561
	0.528

	
	
	Gain
	0.0%
	17.4%
	23.8%
	23.8%
	16.6%

	4x2
	MCS8
	Efficiency
	0.339
	0.401
	0.401
	0.393
	0.425

	
	
	Gain
	0.0%
	18.3%
	18.3%
	15.9%
	25.4%

	
	MCS11
	Efficiency
	0.515
	0.593
	0.581
	0.581
	0.560

	
	
	Gain
	0.0%
	15.1%
	12.8%
	12.8%
	8.7%

	4x4
	MCS8
	Efficiency
	0.404
	0.646
	0.777
	0.784
	0.868

	
	
	Gain
	0.0%
	59.9%
	92.3%
	94.1%
	114.9%

	
	MCS11
	Efficiency
	0.715
	1.035
	1.150
	1.144
	1.139

	
	
	Gain
	0.0%
	44.8%
	60.8%
	60.0%
	59.3%


Observation: if more accurate interference information, like channel and modulation order, is available, MMSE-IRC-iCH, MMSE-SIC and ML receivers can get more performance gain over baseline Rel-8/9 MMSE receiver in most cases, comparing to the rel-11 MMSE-IRC receiver. MMSE-SIC can barely provide gain over the MMSE-IRC receiver. WE also observe that the ML receiver could provide very significant gain over other receivers in some cases, especially in lower order modulation and higher order MIMO cases, but performs worse than other receivers in the other cases.
4
Conclusions
In this contribution, we discussed the structure of the baseline advanced receivers for NAICS SID and the required information or assistance from system for these receivers. The discussion is focused on the DL inter-cell interference mitigation case. The very preliminary simulation results show that, with system assisted interference channel estimation, MMSE-IRC, MMSE-SIC and ML receivers can all provide further performance gain over the Rel-11 advanced receiver study baseline MMSE-IRC receiver in most cases studied in this contribution. Further, we observe that an MMSE-SIC receiver can barely provide gain over an MMSE-IRC receiver with system assisted interference measurement.
These three type receivers, MMSE-IRC, SIC, and ML, would be a good starting point for NAICS study. Their performance, with and without system assistance, should be fully evaluated. As the targeted deployment scenarios of this SID could include dense small-cell scenarios and other scenarios, the interference could be very strong and could be very dynamic. Also, as UEs include greater capabilities provided by e.g. more antennas, higher order MIMO configuration and larger numbers of transmission layers are also possible.  Thus, the link evaluation methodology for this SID should be reviewed and the dynamic interference environment as well as higher order MIMO configurations should be taken into consideration. 
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Annex A – Simulation assumptions
Table 2:  Simulation assumptions used in the link-level simulation.

	Parameter
	Scenario 2  (DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM9 with 1-layer or 2-layer transmission

	Transmission mode on interference cell
	TM9, always 1-layer

	MIMO configuration
	2x2 and 4x2, low correlation

	Channel model 
	EVA, 3km/h

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

	MCS for target signal
	Fixed MCS: #8 for SINR= -3 dB,  and #11 for SINR = 0 dB 

	DIP value (dB)
	MCS8: [-2.8, -7.3]; MCS11: [-3.1, -5.4]

	PMI for target signal
	wideband PMI 

	H-ARQ
	8 HARQ processes and max 4 transmissions

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

	PCFICH
	CFI = 2

	Resource allocation
	3 RBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames 


