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1
Introduction
In 3GPP RAN4 #66Bis meeting, the potential NAICS receivers are intensively discussed. As the discussion outcome, RAN4 defined the terminology of NAICS receivers [1]. Furthermore, companies are encouraged to bring results for their choices of receiver types beginning from RAN4#67. The results may include performance evaluation, complexity and required interferer parameter knowledge.

In this contribution, the further down selection of ML and IC based NAICS receiver is discussed firstly. Then, ML and IC based receivers are further analyzed in terms of signalling overhead and performance. Especially, this contribution focuses on symbol level joint ML detection (SL-ML), MMSE symbol level SIC (MMSE-SLIC), and MMSE codeword level SIC (MMSE-CWIC).
2 Receiver Structure
2.1 ML detection
As widely discussed in last RAN4 meeting, ML-based NAICS receiver is recognized as a promising NAICS receiver. Also, many different types of ML-based NAICS receiver are discussed in last RAN4 meeting, i.e.
· Codeword level ML / Symbol level ML

· In codeword level joint ML receiver, the maximum likelihood is calculated considering both detection and decoding, i.e. at bit level, and provides the best performance theoretically. However, the extreme high complexity is not acceptable in terms of UE processing capability.
· In symbol level joint ML detector, detection and decoding blocks are performed in two separate modules. First, in a symbol level joint ML detector, the useful signals and interference signals are jointly detected under the ML criterion. Then, the generated LLR output is passed to a decoder.
· Symbol level joint ML detector could be further combined with iterative detection and decoding (IDD) receiver structure, also known as iterative joint ML detector. In iterative joint ML detector, the detection performance could be further improved by utilizing the decoding LLR output under the MAP criterion. Thus, iterative joint ML detector is promising further enhanced receiver type based on symbol level joint ML detection receiver.
Based on the considerations above, it is proposed that for ML based NAICS receiver, RAN4 considers symbol level joint ML detector and iterative joint ML detector only; i.e. codeword level joint ML receiver could be excluded in this SI.
In this contribution, it is mainly focusing on symbol level joint ML detector (SL-ML).
· Reduced complexity ML detection algorithms
Considering the high complexity of ML detection compared with linear detection, the reduced complexity ML detection is widely studied by academia and industry, e.g. sphere decoding, QR-MLD, MLM, etc. The detailed ML detection algorithm selection is a specific UE implementation issue and performance optimization issue. It may be difficult to achieve certain consensus in RAN4. Furthermore, the performance gap of different ML detection algorithms could be captured by averaging the performance among companies in NAICS WI phase. Thus, RAN4 doesn’t need to align a specific reduced complexity ML detection algorithm.
Proposal 1: For ML based NAICS receiver, RAN4 considers symbol level joint ML detector and iterative joint ML detector only; i.e. codeword level joint ML could be excluded in this SI.
Proposal 2: RAN4 doesn’t need to align a specific reduced complexity ML detection algorithm.
2.2 MMSE-SLIC
Symbol level SIC (SLIC) is also widely discussed in last RAN4 meeting. In SLIC, the interference signal is re-constructed right after demodulation, but prior to channel decoding; i.e. interference signals are detected in symbol level. SLIC is another promising receiver due to the low complexity (without channel decoding), while providing noticeable performance gain in some scenarios. Figure 1 shows the processing diagram of SLIC with detection order of signals from interference to desired signals as an example.
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Fig 1: SLIC with detection order of signals from Interference to Desired 
SLIC could be implemented with different MIMO detector like MMSE-IRC and ML detectors. The selection of MIMO detector is independent of SLIC receiver. However, in SLIC receiver, the performance is sensitive to the detection performance. With the better detection performance, the re-constructed signal (i.e. to be canceled) is more accurate, so that the error propagation could be reduced in SLIC receiver. Thus, ML-SLIC’s performance may be better than MMSE-SLIC at the cost of higher complexity. Considering the facts that MMSE-SLIC has lower complexity than ML-SLIC and the performance gain of ML receiver is already investigated by ML based NAICS receiver type, we conclude to the following proposal: 
Proposal 3: To investigate the potential gain provided by SLIC, MMSE-SLIC could be considered as a starting point.
2.3 MMSE-CWIC
Codeword level SIC acquires much attentions from companies in last RAN4 meeting due to the attractive performance gain. In CWIC, the interference signal is re-constructed after demodulation and channel decoding, i.e. both interference signals and serving signals are detected in bit level. Figure 2 shows the processing diagram of CWIC with detection order “Interference-Desired Signals” as an example. CWIC should be better than SLIC because channel decoding can greatly improve the reliability of the re-constructed interfering signals, although the complexity is also much higher due to multiple turbo decoding operations.
Similar as SLIC, CWIC could be implemented with MMSE-IRC or ML detectors and different detection/cancellation order; i.e. MIMO detector selection is independent of CWIC receiver. Considering the facts that MMSE-CWIC has lower complexity than ML-CWIC and the performance gain of ML receiver is already investigated by ML based NAICS receiver type, we conclude to the following proposal:
Proposal 4: To investigate the potential gain provided by CWIC, MMSE-CWIC could be considered as a starting point.
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Fig 2: CWIC with detection order of signals from Interference to Desired
3 Signaling Aspects
Table 3-1 shows the required signalling to facilitate the interfering signals processing for the three different types of NAICS receivers: joint ML detector, SLIC and CWIC. Overall, the required signalling could be divided into 3 parts to facilitate different UE processing procedures such as channel estimation, MIMO detection and turbo decoding separately. Noted, the information identified in Table 3-1 are provided for the purpose of initiating discussions. The exact details on signalling between the eNB and the UE would be finalized depending on the prioritization of NAICS channels in RAN1
· Signalling for channel estimation and MIMO detector is required and same for all the three receiver types.

· Additional signalling for turbo decoding is required for CWIC, e.g. MCS, UE ID, HARQ RV index and so on.

· It is highlighted that required signalling for joint ML detector and SLIC is exactly same. Thus, both joint ML detector and SLIC could be implemented by UE under the same set of network assistant signalling. 
· In case that RB allocation alignment could be achieved by certain scheduling coordination among eNBs, one set of signalling listed in Table 3-1 is required. Otherwise, multiple sets of signalling may be required. In other words, the required signalling could be minimized by assuming certain simple scheduling coordination among eNBs.
Observation 1: To minimize network signaling overhead and UE implementation complexity, certain scheduling coordination, e.g. RB allocation alignment is required among eNBs.

Table 3-1: Required Signaling for interfering signals processing

	
	Joint ML detector
	SLIC
	CWIC

	TM 9/10

(DMRS based)
	Channel Estimation
	Cell ID

DMRS port index(s)
DMRS nscid
	Cell ID

DMRS port index(s)

DMRS nscid
	Cell ID

DMRS port index(s)

DMRS nscid

	
	MIMO Detection
	Num of Layer
Modulation
CFI value
	Num of Layer
Modulation

CFI value
	Num of Layer
Modulation

CFI value

	
	Turbo Decoding
	N/A
	N/A
	TM mode indicator

MCS
[RB allocation]
UE ID

HARQ RV index

etc.

	TM 2/3/4

(CRS based)
	Channel Estimation
	Cell ID

CRS port number
	Cell ID

CRS port number
	Cell ID

CRS port number

	
	MIMO Detection
	Lay number

Modulation

CFI value

PMI

Power Ratio Pa, Pb
	Lay number

Modulation

CFI value

PMI

Power Ratio Pa, Pb
	Lay number

Modulation

CFI value

PMI

Power Ratio Pa, Pb

	
	Turbo Decoding
	N/A
	N/A
	TM mode indicator

MCS

[RB allocation]
UE ID

HARQ RV index

etc.


4 Performance
In this section, the preliminary link level performance of symbol level joint ML detector (SL-ML), MMSE-SLIC and MMSE-CWIC are given with TM9. Detailed simulation assumptions are listed in Annex.
Because both serving cell and interfering cell’s signals will be detected by NAICS receiver, the channel estimation performance is critical to NAICS receivers. Hence, both Rel-10 realistic DM-RS based channel estimation and DMRS-IC of CE performance are evaluated as baseline in Section 4.1 and Section 4.2. Noted, in Rel-10 TM9, DMRS of the same ports, e.g. port 7 and port 8 are always colliding among all cells. Thus, DMRS-IC could be considered as enhanced baseline channel estimation scheme.
Furthermore, in order to assess the impact of interference channel estimation on the performance of NAICS, an additional enhanced channel estimation named “interference-free DMRS” is also evaluated and presented in Section 4.3.
4.1 Performance Gain of SL-ML and MMSE-SLIC
Both SL-ML and MMSE-SLIC detect interference signals jointly with the desired signals at symbol level, i.e. without channel decoding of interference signals. In addition, as analyzed in Section 3, both SL-ML and MMSE-SLIC receivers require the same amount of network assistance signaling, i.e. signaling to facilitate channel estimation and detection of interference cell.
In this section, the performance gain from SL-ML and MMSE-SLIC over the baseline MMSE-IRC is evaluated, which is at the cost of 
· In terms of UE complexity: symbol level detection of interference signals is required.

· In terms of signaling overhead: signaling for facilitate channel estimation and detection of interference cell
Figure 4-1 and 4-2 show the performance gain in case that both desired signal and interference signals are both Rank 1 transmission, respectively, for SIR = 0dB and SIR = -6dB. Here, SIR = 0dB dB and SIR = -6dB are selected to represent the interference condition of cell edge UE in homogeneous network and heterogeneous network.
· The left-hand side of each figure shows the performance when serving cell is QPSK (MCS 6) and interference cell is QPSK (MCS 6).

· The right-hand side of each figure shows the performance when serving cell is 16QAM (MCS 10) and interference cell is QPSK (MCS 6).

Based on the results, it is observed that NAICS receiver is sensitive to the channel estimation accuracy due to the joint detection of both serving cell and interference cell signals. Without DMRS-IC, the NAICS receiver doesn’t provide performance gain. With DMRS-IC channel estimation, both SL-ML and MMSE-SLIC show large performance gain compared with MMSE-IRC receiver. In 16QAM transmission or SIR = -6dB case, performance gain is more than 3dB.

Observation 3: With limited signaling overhead and improved channel estimation performance, SL-ML and MMSE-SLIC has large potential performance gain (more than 3dB) compared with MMSE-IRC receiver.

[image: image3.jpg]BLER

10f

10

10

Rank+Rank1, MCS:6nf, EVA30, 6RB, SIR=0d8

MMSE-IRC (No IC)

“MMSE-IRC (DMRS IC)

SL-ML (No IC)

-SLML (DMRS IC)

MMSE-SLIC (No IC)

“MMSE-SLIC (DMRS IC)

20



[image: image4.jpg]BLER

Rank+Rank1, MCS: 10n6, EVA3D, BRB, SIR=0d8

— £ - MMSE-IRC (DMRS IC)

—%

=g

MMSE-IRC (No IC)

SL-ML (No IC)
-SLML (DMRS IC)
MMSE-SLIC (No IC)

“MMSE-SLIC (DMRS IC)

0 5





Figure 4-1: Performance Gain of SL-ML and MMSE-SLIC (SIR = 0dB)
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Figure 4-2: Performance Gain of SL-ML and MMSE-SLIC (SIR = -6dB)
4.2 Performance Gain of MMSE-CWIC over MMSE-SLIC
As analyzed in Section 2 and 3, MMSE-CWIC not only detects interference signals at symbol level, but also performs channel decoding of interference signals. The performance gain of MMSE-CWIC over the MMSE-SLIC is evaluated, which is at the cost of

· In terms of UE complexity: channel decoding of interference signals.

· In terms of signaling overhead: Additional signalling for turbo decoding is required for CWIC, e.g. MCS, UE ID, HARQ RV index and so on
Figure 4-3 shows the performance gain in case that desired signal is Rank 1 transmission and interference signals is Rank 2 transmission for SIR = 0dB.
· The left-hand side of Figure 4-3 shows the performance when serving cell is QPSK (MCS 6) and interference cell is QPSK (MCS 6).

· The right-hand side of Figure 4-3 shows the performance when serving cell is 16QAM (MCS 10) and interference cell is QPSK (MCS 6).

Based on the results, it is observed that with DMRS-IC channel estimation, when the serving cell modulation is QPSK the performance gain of MMSE-CWIC over MMSE-SLIC is around 3.0dB at 10% BLER. When the serving cell is 16QAM, MMSE-CWIC still has good performance while MMSE-SLIC cannot reach the target BLER within the SNR range of interest. Hence, we arrive at the following observation: 
Observation 4: With DMRS-IC channel estimation, MMSE-CWIC shows substantial performance gain (more than 3.0dB) compared with MMSE-SLIC receiver in certain scenarios. Thus, MMSE-CWIC should be taken into account in later SI and WI study.
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Figure 4-3: Performance Gain of MMSE-CWIC over MMSE-SLIC (SIR = 0dB)

4.3 Performance Gain from Improved Channel Estimation Accuracy
To further improve channel estimation performance, another CE scheme named interference free DMRS is also evaluated although it is not supported by current RAN1 specification. 

To model the interference free DMRS, it was assumed that the DMRS used for channel estimation of assigned PDSCH and the DMRS used for the channel estimation of interference are on orthogonal set of REs. The DMRS used for channel estimation of assigned PDSCH was assumed to use DMRS port 7/8. On the other hand, the DMRS used for channel estimation of interference was assumed to use DMRS port 9/10. Furthermore, it was assumed that the eNB transmitter would not allocate PDSCH transmission for the UE such that the UE could measure interference channel more accurately without the interference from PDSCH transmission. The consequence is that less number of REs would be actually used for PDSCH and results in link performance loss. The factor has been considered in the simulation results. Assuming similar operation is done at both serving and interfering cell, both the DMRS for PDSCH and DMRS for interfering cell can be estimated interference free.
Figure 4-4 shows the performance gain in case that desired signal is Rank 1, 16QAM transmission and interference signals is Rank 1, QPSK transmission for SIR = 0dB and SIR = -6dB, respectively. It is observed that the performance of interference free DMRS is around 1dB and 2dB better than DMRS-IC in SIR = 0dB and SIR = -6dB correspondingly. It is because 16QAM transmission is more sensitive to channel estimation accuracy and interference free DMRS could provide more accurate channel estimation performance due to the interference free on DMRS-RE. Hence, we arrive at the following observation:
Observation 5: NAICS receiver requires more accurate channel estimation due to the joint detection and decoding of interference cell. Thus, the improved channel estimation schemes study need to be in cooperated in later NAICS SI and WI.
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Figure 4-4: Performance Gain of Improved Channel Estimation Accuracy

5 Conclusion
In this contribution, the further down selection of ML and IC based NAICS receiver is discussed, and ML and IC based receivers are further analyzed in terms of complexity, signalling overhead and performance. Especially, this contribution focuses on symbol level joint ML detection (SL-ML), MMSE symbol level SIC (MMSE-SLIC), and MMSE codeword level SIC (MMSE-CWIC).
Firstly, regarding the down selections of NAICS receiver type, our proposals are 
Proposal 1: For ML based NAICS receiver, RAN4 considers symbol level joint ML detector and iterative joint ML detector only; i.e. codeword level joint ML could be excluded in this SI.
Proposal 2: RAN4 doesn’t need to align a specific reduced complexity ML detection algorithm.
Proposal 3: To investigate the potential gain provided by SLIC, MMSE-SLIC could be considered as a starting point.
Proposal 4: To investigate the potential gain provided by CWIC, MMSE-CWIC could be considered as a starting point.
Secondly, regarding required information for signaling overhead, our observation is

Observation 1: To minimize network signaling overhead and UE implementation complexity, certain scheduling coordination, e.g. RB allocation alignment is required among eNBs.

Finally, the performance gain of SL-ML, MMSE-SLIC and MMSE-CWIC is evaluated. Our observations are
Observation 2: With limited signaling overhead and improved channel estimation performance (DMRS-IC), SL-ML and MMSE-SLIC have large potential performance gain (more than 3dB) compared with MMSE-IRC receiver.

Observation 3: With DMRS-IC channel estimation, MMSE-CWIC shows substantial performance gain (more than 3.0dB) compared with MMSE-SLIC receiver in certain scenarios. Thus, MMSE-CWIC should be taken into account in later SI and WI study.

Observation 4: NAICS receiver requires more accurate channel estimation due to the joint detection and decoding of interference cell. Thus, the improved channel estimation schemes study need to be in cooperated in later NAICS SI and WI.
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7 Annex
Table 7-1: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Transmission mode on Serving cell
	TM9

	Transmission mode on Interference cell
	TM9

	MIMO configuration
	2x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EVA 30Hz. 

Use different channel seed for between cells

	CRS configuration
	2 CRS ports. CRS is colliding between serving cell and interference cell

	CSI-RS configuration
	None

	MCS
	Fixed MCS = 6 and 10 for serving cell
Fixed MCS = 6 for interference cell

	PMI
	Fixed wideband PMI = 0

	H-ARQ
	8 HARQ processes and Disable retransmissions

	PCFICH
	CFI = 1

	PCFICH/PDCCH detection
	Not considered
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