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1 Introduction

In last RAN4 meeting, the WF [1] on NAICS receiver terminology for candidate receivers was agreed.
· IS receivers

· LMMSE-IRC: baseline for Rel-11 MMSE-IRC as defined in TR36.829

· Enhanced LMMSE-IRC (E-LMMSE-IRC): MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge

· Widely linear MMSE-IRC (WLMMSE-IRC): WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference
· IC receivers

· Linear Code word level SIC (L-CWIC): receiver utilizing successive application of linear detection (eg: LMMSE-IRC), decoding, re-encoding, and cancellation

· May have iteration (e.g. Turbo CWIC)

· May utilize CRC check (e.g. hard CWIC)

· ML-CWIC: receiver utilizing successive application of ML or reduced complexity ML detection, decoding, re-encoding, and cancellation

· May have iteration

· Symbol level IC (SLIC): successive cancellation receiver utilizing successive application of linear detection, reconstruction, and cancellation

· May have iteration

· Parallel interference cancellation (PIC): parallel IC as opposed to successive IC, otherwise similar to SIC 

· PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC
· ML receivers

· ML: full-blown joint detection of useful and interference signals in accordance to the ML criterion 

· Reduced complexity ML (R-ML): reduced complexity joint detection of useful and interference modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)

· Iterative ML and R-ML: iterative MAP detection and decoding of useful and interference signals. Both successive and parallel processing implementations may be applied.
 Based on this WF, this contribution provides preliminary performance evaluation of IS/IC/ML receivers for NAICS in terms of throughput performance and required interference parameter knowledge. 
2 Receiver Structure
2.1 IS receiver 
E-LMMSE-IRC receiver is kind of MMSE-IRC that exploits additional information on interfering cell e.g., interferer channel estimates and other interferer knowledge compared to existing Type A receiver [ref TR36.829]. The performance of MMSE-IRC receiver depends on how to obtain accurate covariance matrix estimation including the sources of inter-cell interference. In Rel-11 Advanced Receiver WI, covariance matrix estimation schemes were discussed, i.e., CRS based, DM-RS based, and data signal based schemes. If interferer’s information such as transmission mode and TPMI are provided, estimation accuracy of covariance matrix can be improved by exploiting e.g., interference channel estimation. Therefore, the throughput performance of E-LMMSE-IRC is improved comparing with that of LMMSE-IRC as shown in Figure 5. And receiver complexity may be lower than those of other candidate receivers. 
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Figure 1 IRC receiver structure
2.2 IC Receiver
IC receiver can be categorized by codeword level and symbol level IC in a broader sense. In codeword level IC receiver, interference signal can be removed by subtracting the re-encoded after channel decoding as shown in Figure 2. In order to re-encode interference signal in codeword level, required interferer information and receiver complexity can be increased. In symbol level IC receiver, interference channel is estimated and cancelled by using detected interference data symbol after MIMO decoder as shown in Figure 3. Therefore, in symbol level IC receiver, less required interferer information and receiver complexity are needed comparing with codeword level IC receiver. If a resource block allocation of serving and interfering cells is aligned through cell coordination, the IC receiver complexity can be reduced dramatically. Figure 6 shows that throughput performance of codeword level IC receiver is higher than that of R-ML, but it introduces high implementation complexity.
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Figure 2 Codeword level IC receiver structure
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Figure 3 Symbol level IC receiver structure
2.3 ML Receiver
ML receiver is well-known to lead optimal performance and full-blown joint detection of useful and interference signals in accordance to the ML criterion. However, since ML receiver has high computational complexity according to modulation order and the number of layer, it is difficult to implement in UE receiver. So, reduced complexity ML (R-ML) should be considered, and many algorithms for R-MS were studied such as sphere decoding and QR-MLD. Figure 5 shows the throughput performance of ML and R-ML receiver. ML and R-ML receiver show similar throughput performance and R-ML receiver has better performance gain compared to that of LMMSE-IRC receiver when modulation order of interferer is QPSK. However, in high modulation order of interferer, throughput performance of ML and R-ML is observed to be degraded as shown in Figure 6. 
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Figure 4 R-ML receiver structure

3 Required Interferer information for each NAICS receiver
For each NAICS receiver under CRS based PDSCH interferer, required interferer information is summarized in Table 1. These required interference information is based on receiver canceling or suppressing CRS-based interference and thus can be changed when channels of interest are DM-RS based PDSCH, PDCCH, and ePDCCH. For example, required information such as TPMI is not needed under DM-RS based channels.
Table 1 Required interferer information
	E-LMMSE-IRC
	CWIC
	SLIC
	R-ML

	Cell ID

Transmitted signal power

Transmission mode

TPMI


	Cell ID

Transmitted signal power

Transmission mode

TPMI

MCS

Scheduled RB allocation
Scrambling code seed 
	Cell ID

Transmitted signal power

Transmission mode

TPMI

Modulation order


	Cell ID

Transmitted signal power

Transmission mode

TPMI

Modulation order




4 Performance Evaluation
In this section, simulation results are provided for candidate receivers such as MMSE-IRC, E-LMMSE-IRC, ML, R-ML, and L-CWIC. Most link level simulation assumptions (refer to Annex) are adopted from the assumptions with TM4 interference model in Rel-11 Advanced Receiver WI [2]. 
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Figure 5 Throughput for NAICS receivers with QPSK based interferer
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Figure 6 Throughput for NAICS receivers with 16QAM based interferer

· Observation1: Throughput performance of R-ML receiver has almost similar that of ML receiver. 

· Observation 2: According to modulation order of interferer, 

· low modulation order of interferer, i.e., QPSK,
·  R-ML has better performance than other receivers.
· High modulation order, i.e., 16QAM

· Throughput performance of L-CWIC receiver is higher than R-ML. However, L-CWIC has high complexity. 
· There is no significant performance gap between R-ML and E-LMMSE-IRC.

From above observation, we propose 
· Proposal1: R-ML receiver should be considered as one of NAICS reference receivers.

· Proposal2: E-LMMSE-IRC receiver should not be excluded since it reasonable performance gain with low implementation complexity.
· Proposal3: From receiver complexity point of view, it is better to exclude the linear codeword level IC (L-CWIC). 
5 Conclusion
In this contribution, we provide preliminary performance evaluation of IS/IC/ML receivers for NAICS and required interference information for each receiver. Based on these preliminary simulation results, we propose
· Proposal1: R-ML receiver should be considered as one of NAICS reference receivers.

· Proposal2: E-LMMSE-IRC receiver should not be excluded since it reasonable performance gain with low implementation complexity.
· Proposal3: From receiver complexity point of view, it is better to exclude the linear codeword level IC (L-CWIC).
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Annex.
Table 2 Link level simulation assumption (Cell 1 : serving cell, Cell 2 interfering cell)
	Parameter
	Unit
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
	-3
	-3
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	dB
	-3
	-3

	
	(
	dB
	0
	0

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
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at antenna port
	dBm/15kHz
	[-98]
	N/A

	DIP
	dB
	 N/A
	-1.73

	BWChannel
	MHz
	10
	10

	Cell Id
	
	0
	6

	Channel estimation
	
	Ideal
	Ideal

	Number of control OFDM symbols
	
	2
	2

	PDSCH transmission mode
	
	6
	4

	Interference model
	
	N/A
	As specified in clause B.5.3

	Probability of occurrence of transmission rank in interfering cells
	
	N/A
	Rank 1

	Precoding granularity
	PRB
	50
	6

	PMI delay (Note 4)
	ms
	8
	N/A

	Reporting interval
	ms
	5
	N/A

	Reporting mode
	
	PUCCH 1-1
	N/A

	CodeBookSubsetRestriction bitmap
	
	001111
	N/A


