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1 Introduction

In the RAN plenary 59 meeting, a new SID of Study on Network-Assisted Interference Cancellation and Suppression for LTE was approved [1]. One objective for RAN4 of this SID is as follows:
· 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

In this contribution, some promising interference scenarios and potential receivers for evaluating network-assisted IC/IS receiver are discussed. The methods for evaluating the algorithm complexity of candidate receivers are given for further discussion. 
2 Promising scenarios
According to the scope and target of SID, two typical deployment scenarios should be identified based on interference conditions: intra-cell and inter-cell interference scenarios. The detailed analysis of network deployments and interference conditions can be found in the companion contribution [2].
2.1 Intra-cell interference scenario
Interference analysis

In order to improve spectral efficiencies, network may transmit data to target user with multiple layers, or schedule the same time-frequency resources to more than one user. Correspondingly, UE may experience intra-cell interference resulted from current SU-/MU-MIMO operation. For SU-MIMO scenario, the main intra-cell interference arises from other layer(s). For MU-MIMO scenario, suitable pre-coding matrixes are selected for users to suppress the interference from paired users through spatial separation technique, but the intra-cell interference between the paired users could not be fully eliminated due to the non-ideal CSI measurement/feedback and pairing algorithm.

Candidate receivers

For SU-MIMO operation, the interference arises from other layer(s) could be cancelled or suppressed by advanced receiver without network assistant. For MU-MIMO operation, one possible technique is that UE can blindly detect pairing users without eNB assistant to mitigate interference, which will increase the algorithm complexity. To improve the receiver performance and/or reduce the receiver implementation complexity, several advanced receivers with extra information of pared users could be considered, e.g. enhanced MMSE-IRC, ML/QRM, and IC (include Turbo-SIC or simple symbol level IC). The extra information may include transmission mode, antenna port, and modulation type etc.
2.2 Inter-cell interference scenario
Interference analysis
Homogenous and heterogeneous networks are two basic network deployment scenarios for evaluating inter-cell interference. Interference in the scenarios can be classified into several categories according to different network deployments:
· Macro to macro interference: The cell edge users served by a macro cell may experience strong interference from neighbour macro-cells.
· Macro to pico interference: Assuming a LPN (low power node) UE is located in the CRE area, it may suffer serious interference from macro cells.
· Pico to pico interference: In dense small cell scenarios of LPNs deployed in a hotspot area without macro cell coverage, UE in one LPN cell may observe strong interference from several neighbour LPN cells. Since the cell deployment density in such scenario is much higher that macro deployment, their interference models may be quite different. 
· Macro plus pico to pico interference: In small cell scenarios of LPNs deployed in a hotspot area with macro cell co-channel coverage, UE in one LPN cell may observe interference from neighbour LPN cells as well as macro cells. The interference model under this scenario needs further study.
Candidate receivers

Different transmission techniques may lead to different interference environments. Intra-site or inter-site CoMP schemes are studied and standardized in Rel-11: Joint Processing (JP) translated the inter-cell interference into desired signal, Dynamic Point Blanking (DPB) mutes the PDSCH transmission in neighbour cell and correspondingly reduces the interference, while Coordinated Scheduling/Beam forming (CS/CB) aims to avoid causing strong interference to users who are being served in network by making proper scheduling/beamforming decisions. For UEs located in the CRE area of Pico cell, ABS scheme could be applied to avoid macro cell interference. 
Correspondingly, different receiver algorithms could be selected for different network operations. For example: with regard to DPB or ABS techniques, CRS interference is the dominant interference observed by UE, from UE perspective, the cancellation of CRS could achieve better performance. For heavy load scenarios with no coordination schemes, UE may observe the co-channel interference from neighbour cells. This could be considered as another kind of MU-MIMO operation to UE, same as intra-cell MU-MIMO, the advanced receivers such as  enhanced MMSE-IRC, ML/QRM and IC etc can also be investigated with the assistant information of co-channel user(s) such as transmission mode, antenna port and modulation type etc to help UE obtain a better performance.
Proposal 1: Both intra-cell and inter-cell interference scenarios (including homogeneous and heterogeneous network deployments) are the promising scenarios for evaluating NAICS.
3 Analysis of candidate receivers 

Many advanced receiver technologies such as MMSE-IRC, ML (MCMC/EM/QRM etc), IC (e.g. Turbo-IC)are discussed in academic papers. Some of these techniques, e.g., MMSE-IRC and CRS-IC receivers have already been comprehensively discussed in Rel-10/11. In the following section, we analyze the implementation feasibility and computational complexity of some of the candidate receivers. 
As described in SID, practical transmission and feedback overhead/error/delay and realistic eNB and UE impairment modelling including timing/frequency error and backhaul delay should be considered.

3.1 Implementation feasibility
Enhanced MMSE-IRC receiver

In Rel-11, MMSE-IRC receivers have already been investigated and corresponding requirements have been defined for UE implementation in RAN4. For this receiver, the key point is how to obtain the covariance matrix of intra-/inter- cell interference accurately. Many methodologies of estimate the covariance matrix were discussed in RAN4 AR topic, e.g. RS based and data based. In these methods, it is assumed UE experiences the same interference on several contiguous RBs(including all REs in these RBs). In addition, non-ideal factors such as asynchronous network, timing/frequency error for different TPs, practical transmission mode and the network load status (for example the REs will suffer different level interference with light-load non CRS colliding neighbour cell) etc will impact the accuracy and complexity of interference covariance matrix estimation. MMSE-IRC can bring relative large gain over MMSE with modest complexity increase. So it is a good starting point to further enhance the MMSE-IRC performance with more accurate interference covariance matrix estimation by extra network assistant information. 
SIC receiver

A typical SIC receiver is Turbo-SIC receiver, its diagram is shown in Figure 1. When applying such Turbo-SIC technique, the information of interference signals (such as TBs, MCS, resource allocation etc) is required and reference signal configuration information (for accurate channel estimation) is also needed. On the other hand, SIC receiver has higher requirement on network deployment, e.g., it is sensitive to the timing/frequency error. For inter-cell interference mitigation, a backhaul with small latency and large capacity to exchange information between different cells is also required. Even for simple symbol level IC, certain amount of information about interference signals (such as modulation format and resource allocation) is still needed, . After all, significant gain is difficult to obtain. Based on the above analysis, the data SIC receiver could be adopted as a candidate receiver if the assistant interferer information can be obtained by network signalling, otherwise it will be low priority. 
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Figure 1 Turbo-SIC receiver 
ML receiver

ML receiver is optimal receiver and the main obstacle is its high complexity. In order to reduce its complexity, many alternative receivers were developed and discussed in academic, e.g. sphere detection, MCMC, EM and QRM etc. QRM is frequently adopted in product implementation due to its predictable complexity. Same as SIC receiver, ML receiver is also sensitive to the timing/frequency error and need more interferer information (modulation format, resource allocation etc) and also need relative accurate channel estimation.  Figure 2 shows the receiving chain with QRM-ML. 
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Fig.2 The receiving chain with QRM-ML
From the above analysis, the following observations could be made: 
For different receivers, the requirements for interferer information are different. The maximum information is needed for Turbo-SIC, and the minimal information is needed for MMSE-IRC. If the corresponding assistant information can be captured by the target UE, the corresponding receiver can be used regardless of complexity.
3.2 Computational complexity
Enhanced MMSE-IRC receiver

Already discussed in MMSE-IRC and the computational complexity is acceptable, so the computational complexity analysis is omitted.
QRM and Turbo-SIC receiver
The computational complexity of the above two receivers are summarized in Table 2, where K, L, B, C and R are the number of transmit antennas, the number of receive antennas, modulation order, the size of constellation alphabet and the code rate respectively. Xm is the number of survival path retained at the m-th stage for QRD-ML receiver. The computational complexities of QRD-ML receiver mainly come from the QR decomposition, Euclidian distance estimation and sorting, and LLR computation. While the computational complexities of Turbo-SIC receiver mainly focus on interference cancellation, soft modulation/demodulation and the soft decoding. The computations related to information bits and additional parts due to the parity bits are summarized in Table 3 and Table 4 [3][4], respectively. 

Figure A.1- figure A.4 in appendix show the computational complexity comparison of above receivers. For Turbo-SIC receiver, most of gain can be obtained by using only one interference cancellation with two soft decoding iterations, which is accounted in detection complexity in the figures. For each stage of QRM receiver (without transmit signal ranking), the 16 survival paths are retained for the case of 16QAM and up to 16 paths are retained for QPSK. For all the above receivers, 8 turbo decoding iterations are assumed for information bit decision.
From the simple and schematic complexity analysis, it is observed that the complexity of Turbo-SIC is larger than QRM-ML under the same conditions, and both of them need more assistant information, compare to MMSE-IRC and considering the trade off between implementation complexity and performance gains . It is proposed that the enhanced MMSE-IRC could be a starting point and the other receivers are not excluded
Proposal 2: the enhanced MMSE-IRC could be a starting point and the other receivers are not excluded 
4 Conclusion

Base on the above analysis and discussion, we give the following proposals:
Proposal 1: Both intra-cell and inter-cell interference scenarios (including homogeneous and heterogeneous network deployments) are the promising scenarios for evaluating NAICS.
Proposal 2: The enhanced MMSE-IRC could be a starting point and the other receivers are not excluded.
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Appendix
Table1 Assumptions for complexity evaluation
	Antenna configuration
	2 TX at UE, 2 RX at eNodeB

	System Bandwidth
	10 MHz

	PRB Allocation
	All 50 PRBs to one user

	MIMO mode
	Full-rank open Loop spatial multiplexing without precoding, dual codeword transmission for 2TX 

	Receiver
	QRM, Turbo-SIC


Table 2 Detection Complexity for each sub-carrier per OFDM symbol 
	
	QRM(L=K)
	Turbo-SIC(L=K)(only one IC stage)

	Multiplication
	6K3+3K2+(3C+X1B)K
+2C+
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	3K4+21K3 +(2(B+1)+2BC+2B+3C+2)K
+32K/R/B

	Addition
	14K3+7K2+(B+XmB+5C-2)K+(2C-X1-1)X1/2 +f(X)1
	7K4+47K3 -2K2
+(B2C/2+4BC+B2+3B +5C+8)*K+2C
+580 K/R/B
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Table 3 Computational Complexity of each information bit per iteration in Max-log-map algorithm

	Operation
	MAX-Log-MAP(M: memory length, 3 for LTE)

	Max ops
	5×2M－2

	Additions
	10×2M－11

	Multiplication. By±1
	8

	Look up
	5×2M－2


Table 4 Additional Complexity of each parity bit in Max-log-map algorithm for Turbo-SIC[3]
	Operation
	MAX-Log-MAP

	Max ops
	14

	Additions
	1


Notes: LLRs of parity bits has no relation to iteration number with turbo decoder. 
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Fig.A.2 comparison of the number of multiplications with QPSK and 2x2 antenna configuration








Fig.A.1 comparison of the number of additions with QPSK and 2x2 antenna configuration








Fig.A.4 comparison of the number of multiplications with 16QAM and 2x2 antenna configuration








Fig.A.3 comparison of the number of additions with 16QAM and 2x2 antenna configuration
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