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Introduction
In last RAN4 meeting, from link level evaluation [1], RAN4 concluded as follows:
for Phase-I 
· E-LMMSE-IRC/SL-IC/R-ML/CWIC all achieve noticeable performance gain over R.11 LMMSE-IRC receiver in most scenarios , and the gains depend on the different interference profiles:
· Larger gain for stronger interference 
· Additionally for SL-IC/R-ML, the gains depend on modulation order. The largest performance gains are observed when interference signal is modulated by QPSK
· For CWIC, the gains depend on MCS. 
· Performance gains for TM4 in non colliding CRSs are considerably smaller than those under colliding CRS, due to worse performance of the baseline LMMSE-IRC receiver in the colliding CRS scenario (i.e. incorrect interference covariance matrix estimation).
for Phase-II
· E-LMMSE-IRC/SL-IC/R-ML/CWIC all achieve noticeable performance gain over R.11 LMMSE-IRC receiver in most scenarios , and the gains depend on the different interference profiles:
· Larger gain for stronger interference
· SL-IC/R-ML has larger gain compared to E-LMMSE-IRC in many cases with genie-aided information 

These conclusions are genie-aided based link level evaluation and RAN4 does not have any consensus on the feasibility and performance of blind detection receivers. Based on last RAN4 meeting discussion, we discuss NAICS receiver performance and feasibility with and without network assistance.

Network assisted information 
For PDSCH interference cancellation from neighbor cells, various information of neighbor cells are needed, and a UE should receive those information from network (serving cell or neighbor cell), or detect blindly by itself. In network signaling case, the common understanding is that the implementation complexity of a receiver might be dramatically decreased and reliability of parameters could be guaranteed. However, network signaling overhead of serving cell is increased, and network signaling of some information such as modulation order, PMI, and MCS which can be dynamically changing by subframe might be impossible due to network backhaul latency in non-ideal backhaul network. Alternatively, these parameters which are dynamically changing can be directly received from interfering cells to NAICS UE. For semi-static interferer parameters, it can be signaled by RRC signaling from serving cell, and CRS assisted information for CRS-IC could be reused to obtain information of CRS AP, Cell ID, and MBSFN configuration. Therefore, semi-static parameters do not need to be considered for the analysis of the complexity and the performance in blind detection.
Blind detection performance for dynamic parameter
From parameter detection discussion [2] in the previous RAN4 meeting, some parameters were prioritized for analysis of complexity and performance, but there was no agreement. In this section, we focus on the blind detection of RI, PMI, and modulation order. 

RI/PMI
RI and PMI information are required for E-LMMSE-IRC, SL-IC, R-ML, and CWIC receivers. For CRS based transmission mode, RI and PMI are required for cancelling PDSCH interference. To detect RI and PMI blindly, one example is that UE compares all possible candidates of interference RI and PMI set at every subframe. The complexity of blind detection for RI and PMI is

 is the number of interferers explicitly considered/cancelled by NAICS receiver, and  is the number of layers of interferer k.  represents the number of RE for operation ‘x’. The complexity could be linearly increased according to the number of interferers and layers. Additionally, the size of RI/PMI set, , depends on the number of Tx antenna, nTx. In four Tx antenna case, computational complexity is dramatically increased since maximum number of RI/PMI candidates are 64, and misdetection probability could be increased. 
Figure 1 and Figure 2 show throughput performance of RI/PMI blind detection for RI = 1 and RI = 2, respectively. The number of Tx antenna is two, and EPA5 channel is considered. Modulation order of serving cell and interference cell is QPSK, and interference power is 7.68dB and 2.16dB. For RI = 1, blind detection performance is degraded within 0.6dB and 1dB for SLIC and R-ML receiver, respectively. However, for RI = 2, throughput performance with blind detection for SLIC and R-ML receivers is worse than that of baseline IRC receiver as can be seen in Figure 2(a). It implies that UE benefit from getting RI/PMI information by network signal when interfering cell has transmission mode with high rank, or interferer’s RI need to be restricted through network coordination for NAICS UE.
- Observation1: RI/PMI blind detection introduces 0.6dB and 1dB performance degradation for SLIC and R-ML receivers in comparison with genie-aided performance when RI of interference cell is one, respectively.
- Observation2: Throughput performance of RI/PMI blind detection is seriously degraded in comparison with that of baseline IRC receiver when RI of interference cell is two.
- Proposal1-1: Rank of interference cell needs to be restricted by low rank to blindly detect RI/PMI.
- Proposal1-2: To guarantee performance of NAICS receiver, network signaling for RI/PMI needs to be considered under high rank of interference cell.
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(a) Interference [ON ON]                                                           (b) Interference [ON OFF]
[bookmark: _Ref378338455]Figure 1 RI/PMI blind detection performance for RI =1
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(a) Interference [ON ON]                                                           (b) Interference [ON OFF]
[bookmark: _Ref378338458]Figure 2 RI/PMI blind detection performance for RI =2

Modulation Order
Modulation order information is required for SL-IC and R-ML receivers. To detect modulation order blindly, the computational complexity in optimal case is,

 is set of possible modulation order. The optimal case is to search modulation order set for all different possible combination of modulation formats for interference layers. In this case, high accuracy of modulation order detection and corresponding throughput performance can be obtained. However, the complexity of this approach may not be feasible for implementation at UE side. Considering tradeoff between complexity and performance, blind detection with low complexity and reduced performance might be preferable in UE implementation perspective. 
Figure 4 and Figure 5 show throughput performance of modulation order with blind detection. When QPSK modulated signal is transmitted in interference cell, the performance with blind detection for modulation order of interference is similar with genie-aided performance as shown in Figure 3. However, in case of one interferer, throughput performance of 16QAM and 64QAM blind detection of SLIC and R-ML receivers is degraded by 1.8dB and 2.6dB in comparison with genie-aided SLIC and R-ML receivers, respectively. When considering two interferers, blind detection performance of SLIC receiver is worse than IRC receiver, and blind detection performance of R-ML receiver is similar to IRC receiver as shown inFigure 4 and Figure 5. For high order modulation of interference cell, blind detection can introduce serious performance loss. Therefore, to improve performance of NAICS receiver, network assisted information or coordination should be considered. 
-  Observation3: It seems that blind detection for QPSK modulation from interference cell is reliable.
- Observation4: Modulation order blind detection for SLIC and R-ML receivers introduces 1.8 and 2.6dB performance degradation, respectively, in comparison with genie-aided performance when the number of interference cell is one.
- Observation5: Throughput performance of modulation order blind detection for SLIC receiver is worse than that of baseline IRC receiver when the number of interference cells is two.
- Observation6: Throughput performance of modulation order R-ML detection for SLIC receiver is similar to that of baseline IRC receiver when the number of interference cells is two.
- Proposal2-1: Modulation format of interference cell needs to be restricted by low order modulation to blindly detect modulation order. 
- Proposal2-2: For high order modulated signal from interference cell, network signaling approaches are required to benefit from NAICS receiver.
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(a) Interference [ON ON]                                                           (b) Interference [ON OFF]
[bookmark: _Ref378659707]Figure 3 Modulation order blind detection performance for QPSK of interferers
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(a) Interference [ON ON]                                                           (b) Interference [ON OFF]
[bookmark: _Ref378656170]Figure 4 Modulation order blind detection performance for 16QAM of interferers
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(a) Interference [ON ON]                                                           (b) Interference [ON OFF]
[bookmark: _Ref378656171]Figure 5 Modulation order blind detection performance for 64QAM of interferers


Other dynamic parameters
For other dynamic parameters such as transmission mode, Data to RS EPRE (PA), DMRS APs, and nSCID, the complexity of blind detection for these dynamic parameters seriously impact on the UE implementation and performance cannot be guaranteed under various interference conditions such as different transmission mode and four Tx/Rx antennas. Therefore, to reduce complexity and improve performance of NAICS receiver, network signaling or coordination should be considered. For example, the same allocation of transmission mode for NAICS UE both serving and interference cell is assumed, and restriction of PA and DMRS AP could be considered.

Feasibility of blind detection
From link simulation result for blind detection in above section, the performance loss of blind detection depends on interference condition such as modulation order and number of interference cells. If there is no performance loss for blind detection, feasibility of NAICS with blind detection could be fine. And NAICS with blind detection might be infeasible when the performance with blind detection is similar to that of baseline IRC receiver. In RAN4, there is no criterion for feasibility of NAICS with blind detection; for example, less than detection error rate ([x]%) of parameters or [y]dB performance loss. However, the sensitivity of performance loss according to detection error can be different for each blind detection parameter. The performance of blind detection can have low loss even though error rate of blind detection for some parameters is high. And there was no discussion for how much performance gain of NAICS with blind detection should be achieved based on baseline IRC receiver considering receiver complexity. Therefore, RAN4 needs to discuss and define criterion of feasibility of blind detection, then parameters of blind detection can be decided. 
- Proposal3: RAN4 needs to discuss and define the criterion of feasibility for blind detection.


Conclusion 
In this contribution, we discuss blind detection of dynamic parameter for NAICS receiver. From the simulation results, according to interference conditions, performance of blind detection is worse than baseline IRC receiver, and overall observations are as follows:
- Observation1: RI/PMI blind detection introduces 0.6dB and 1dB performance degradation for SLIC and R-ML receivers in comparison with genie-aided performance when RI of interference cell is one, respectively.
- Observation2: Throughput performance of RI/PMI blind detection is seriously degraded in comparison with that of baseline IRC receiver when RI of interference cell is two.
 - Observation3: It seems that blind detection for QPSK modulation from interference cell is reliable.
- Observation4: Modulation order blind detection introduces 1.2dB performance degradation in comparison with genie-aided performance when the number of interference cell is one.
- Observation5: Throughput performance of modulation order blind detection for SLIC receiver is worse than that of baseline IRC receiver when the number of interference cells is two.
- Observation6: Throughput performance of modulation order R-ML detection for SLIC receiver is similar to that of baseline IRC receiver when the number of interference cells is two.

Therefore, we propose
- Proposal1-1: Rank of interference cell needs to be restricted by low rank to blindly detect RI/PMI.
- Proposal1-2: To guarantee performance of NAICS receiver, network signaling for RI/PMI needs to be considered under high rank of interference cell.
- Proposal2-1: Modulation format of interference cell needs to be restricted by low order modulation to blindly detect modulation order. 
- Proposal2-2: For high order modulated signal from interference cell, network signaling approaches are required to benefit from NAICS receiver.
- Proposal3: RAN4 needs to discuss and define the criterion of feasibility for blind detection.
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