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1
Introduction
In 3GPP RAN #59 meeting, the study item for Network Assisted Interference Cancellation and Suppression (NAICS) was agreed [1]. The intent of the study item is to study and evaluate the additional performance gains that can be provided for advanced receivers with network assistance. Specifically, objectives of the study item for RAN4 are to 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 

As indicated as the first step in RAN4, this contribution discusses the feasibility of potential NAICS receiver structures based on MMSE-IRC, SIC and ML.
2 Receiver Structure
In Rel-11 FeICIC work item, a non-linear interference cancellation receiver was introduced to mitigate strong CRS/PSS/SSS/PBCH interference and significant gain was observed over linear receivers. To facilitate UE implementation, additional downlink RRC signalling was also introduced to notify UE of neighbour cells’ CRS information, e.g. number of CRS ports and MBSFN configuration.
In concept, NAICS is similar to the above approach of CRS-IC. The major difference for NAICS is that the interference mitigation is now targeted not only for interfering CRS but also for interfering PDSCH. To achieve PDSCH interference mitigation, various interference suppression and interference cancellation receiver structures could be considered. Especially, three basic enhanced receiver structures are taken as the starting point in RAN plenary, i.e. MMSE-IRC, SIC and ML based enhanced receiver.
2.1 MMSE-IRC based enhanced receiver
In Rel-11, MMSE-IRC receiver was also extensively discussed in RAN4 and the corresponding UE performance requirements are specified in RAN4 specs. In Rel-12, it is natural to consider MMSE-IRC as a one of the receiver structures. Furthermore, it is also straightforward to take MMSE-IRC as baseline receiver when investigating the performance gain provided by NAICS receivers.
In MMSE-IRC receiver, receiver performance is improved by whitening the colored inter-cell interference. To achieve this, UE need to estimate the covariance matrix of interference plus noise. In Rel-11 MMSE-IRC receiver structure, the covariance matrix is estimated based on the serving cell’s CRS or DM-RS depending on the UE’s transmission mode as shown in the following equation [2]. Note that MMSE-IRC receiver could be implemented without additional network assistance information.
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The accuracy of the estimated covariance matrix is a key factor when evaluating the performance gain of MMSE-IRC. It was shown that the cell edge performance gain could improve significantly by assuming ideal channel estimation under some scenarios in [2]. As such, while it is not a necessity, performance of MMSE-IRC receiver could be improved if the network provides additional signaling to further improve the accuracy of estimated inter-cell interference covariance matrix.

· Example (1): in case of dominant interference cell exists e.g. in HetNet case, UE may explicitly estimate the channel of dominant interference cell. Thus, the covariance matrix of inter-cell interference could be calculated based on the channel estimation of dominant interference cell.
· Example (2): the accuracy of covariance matrix may also be improved by allowing averaging across multiple RBs.
To achieve the more accurate covariance matrix estimation, additional network signaling that provides side information facilitating the channel estimation of interferers could be beneficial. 
Observation 1: In NAICS SID, MMSE-IRC performance can be further enhanced by improving the estimation accuracy of interference covariance matrix.
2.2 SIC based enhanced receiver
Successive Interference Cancellation (SIC) is an advanced receiver scheme that is also mentioned in the SID and studied extensively both in the academia and the industry. From UE implementation aspect, SIC can be further categorized into in symbol level SIC and bit level SIC considering the interfering signals is detected at symbol level or bit level. Fig 1 and Fig 2 shows the basic signal processing procedure of symbol level SIC and bit level SIC. Of course, iterative detection/decoding may be applied on top of SIC to further improve the performance. As shown in Fig 1, in symbol level SIC, the interference signal is re-constructed after demodulation and without channel decoding, i.e. interference signals are detected in symbol level. As shown in Figure 2, in bit level SIC, the interference signal is re-constructed after channel decoding, i.e. interference signals are decoded in bit level.
Although the principle of symbol level and bit level SIC is similar, these two SIC types are quite different from UE implementation point of view. Obviously, bit level SIC requires much higher UE processing capability since UE need to fully decode both desired and interfering signals in layer 1 processing.
Also, from the required network assistance information aspect, symbol level and bit level SIC are quite different. In symbol level SIC, only small amount of assistance information is required, e.g. side information facilitating the channel estimation of interferers, possibly modulation order and P_a/P_b,. In bit level SIC, besides the same assistance information above, additional information is required since the UE needs to decode the interference. Such information would similar to what is provided to a UE for decoding its own PDSCH (HARQ process index, MCS level, RV index, PMI, and etc). The total number of bits in conveying the necessary information for interference decoding could be well over dozens of bit making it a challenge from signalling overhead point of view. 
Of course, from performance aspect, bit level SIC may be much better than symbol level SIC because turbo coding/decoding can greatly improve the reliability of the re-constructed interfering signals. Therefore, it is concluded that: 
Observation 2: Considering the UE implementation complexity and required assistance network signalling, SIC with symbol level or bit level detection of interfering signals is quite different. The trade-off between complexity and performance need to be further investigated.
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Fig 1: Symbol level detection of interfering signals
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Fig 2: Bit level detection of interfering signals

2.3 ML based enhanced receiver
With the increasing UE processing capability, Maximal Likelihood (ML) MIMO detector is another important and promising enhanced receiver types. In NAICS SID, ML is also taken as one of reference NAICS receiver type. With cell density becoming higher and higher, Hetnet and small cells are more and more popular in network deployments. Compared with homogeneous networks, UE is more likely to enjoy a high SINR link to eNB. As a result, a UE is more likely to be scheduled with Rank 2 or above transmission in such network. As already widely studied in both the academia and the industry, ML detector greatly improves the receiver performance in Rank 2+ cases. Thus, not only single UE performance but also system capacity can be significantly boosted with an ML detector. In this sense, ML receiver itself is already an enhanced receiver type targeted for intra-UE interference suppression, without network assistance information.
More important, ML receiver can be easily extended to joint detection on desired and interfering signals with limited network assistant information. For example if the channel knowledge and modulation order of the interference is available, interfering signals could be treated as desired signals and joint detected by ML receiver. There is no difference in ML receiver processing procedure.

Therefore, with network assistance information, ML receiver can be used to jointly detect desired and interfering signals, which greatly enlarge the usage of ML receiver. For example, assuming UE has the ML detection capability up to 2 layers receptions, when UE is in cell centre area (high SNR region), ML receiver can be used to detect the scheduled Rank 2 transmission. When UE move to cell edge area (low SNR region) and scheduled with Rank 1 transmission, the dominant interfering signals could be jointly detected with limited additional network assistant information.

Observation 3: ML receiver itself is already an enhanced receiver type targeted for intra-UE interference suppression, without network assistance information. Likewise, ML receiver can be used to jointly detect desired and interfering signals, with limited network assistance information.
Furthermore, ML receiver could be complemented with other receiver techniques. For example, ML receiver only exploits the property of interference that the interference symbol is one of the discrete modulation symbols, i.e. assuming the equal probability for all constellation symbols. To further improve the performance, iterative detection decoding (IDD) structure could be employed. In doing so, the probability of each interference modulation symbol can be refined by performing channel decoding on interference signals. However, to facilitate bit level decoding of interfering signals, the same amount of network assistance information as bit level SIC are required.

Observation 4: On top of ML receiver, other receiver techniques could be employed to further improve the performance with the more network assistant information.
3 Scenario 
To further investigate the performance gain of each NAICS receiver type in link level simulation, RAN4/1 needs to agree on a set of link level simulation assumption, especially the characteristic of interfering signals, e.g. interference level (DIP), MCS and layer number.

During MMSE-IRC study item, homogeneous network has been studied with system level simulation. However, the heterogeneous network is not covered during MMSE-IRC study item. In addition, based on the current LTE system, NAICS can be applied for both intra-cell and inter-cell interference cancellation and suppression as shown in Fig 3. Thus, the intra-cell interference scenario needs to be studied as well.
Observation 5: Homogeneous/heterogeneous network inter-cell interference and intra-cell interference scenarios need to be covered by RAN4 link level simulation to comprehensively investigate the performance gain of NAICS receivers.
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Fig 3: Application of NAICS for intra-cell interference and inter-cell interference
4 Conclusion
In this contribution, the potential NAICS receiver structures based on MMSE-IRC, SIC and ML are analyzed. Based on the analysis, it is observed that
Observation 1: For MMSE-IRC enhanced receiver type, the performance can be further enhanced by improving the estimation accuracy of interference covariance matrix.

Observation 2: For SIC enhanced receiver type, considering the UE implementation complexity and required assistance network signalling, SIC with symbol level or bit level detection of interfering signals is quite different. The trade-off between complexity and performance need to be further investigated.
Observation 3: For ML enhanced receiver type, ML receiver itself is already an enhanced receiver type targeted for intra-UE interference suppression, without network assistance information. Likewise, ML receiver can be used to jointly detect desired and interfering signals, with limited network assistance information.
Observation 4: On top of ML receiver, other receiver techniques could be employed to further improve the performance with the more network assistant information.
Observation 5: Regarding link level evaluation scenarios, homogeneous/heterogeneous network inter-cell interference and intra-cell interference scenarios need to be covered by RAN4 to comprehensively investigate the performance gain of NAICS receivers.
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