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1 Introduction
In the last meeting (RAN4#69), companies presented simulation results for NAICS receivers and the outcome was captured in the Ad Hoc meeting minutes [1]. The summary of the results was presented as follows:
Phase 1 (agreement):

· 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.
Phase 2 (observations):

· Under dynamic interference environment conditions according to the on/off model, E-LMMSE-IRC/SL-IC/R-ML all achieve noticeable performance gain over R.11 LMMSE-IRC receiver, and the gains depend on the different interference profiles:
· Larger gain for low SINR region

· Larger gain for stronger interference 

· R-ML and SLIC have larger performance gain compared to E-LMMSE-IRC under some conditions (e.g., …) while comparable under some other conditions (e.g., …)

· E-LMMSE-IRC does not provide gain over MMSE-IRC in some cases
On the complexity front, the agreement was as follows:
· Some network assistance/coordination can reduce receiver complexity compared to requiring UE to blindly detection all the interference parameters
· No consensus on the feasibility and performance of blind detection receivers
· Varying degree of performance degradation from minimal to noticeable, comparing blind detection receivers with genie-aided receivers, also depending on operation assumptions.  
· RAN4 should study the performance and complexity of blind detection of interference parameters, including which parameters.
· Focus on the interference parameters identified in the receiver assumption section
· high-layer configured parameters (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB, data-to-CRS power ratio). 
· UE-specific configuration parameters can become dynamic depending on the UE dynamically scheduled in the interference cells. 
· Cell-specific parameters may also be different depending on the dynamic presence/absence of the interference
· and the dynamically signalled parameters (e.g., CFI, PMI, RI, MCS, modulation order, resource allocation, DMRS ports,  used in TM10)
In this contribution we discuss the options of the NAICS receiver taking into account the complexity, feasibility, and link level performance characterizations. 
2 Discussion
2.1 Full-Blind Receivers

It has been shown in the companion papers [2] and [3] as well as the from the previous meeting results that a receiver utilizing full blind detection of interferer parameters is feasible and can provide considerable gains as compared to Rel 11 defined LMMSE-IRC receiver. 
Feasibility and Performance:

Depending on the scenario and the interferer loading profile, the gains at the median Es/Noc (for 5th – 25th percentile of geometry) range from 9% to 71% for full blind R-ML based receivers and from 16% to 97% for full blind SLIC based receiver. 
This shows that such receivers are feasible and can provide significant performance gains in most scenarios.

Observation 1:Full-Blind R-ML and SLIC receivers are feasible and can provide significant performance gains in most scenarios as compared to Rel 11 LMMSE-IRC without CRS-IC.

Complexity:

From the companion paper [4], we presented Complexity Analysis for blind R-ML and blind SLIC using Method 3 (Component based (i.e. functional blocks + number of processing iterations)) as described in the WF [5]. 
The Complexity Analysis is provided including channel estimation, detection/cancellation and UE blind detection of interferer parameters. 
With practical choices of parameters, the overall complexity of blind detection is between 1 to 4 times the total complexity of CRS-IC.
Observation 2:Full-Blind R-ML and SLIC receivers overall complexity is between 1 to 4 times the total complexity of CRS-IC.

2.2  Blind Receivers with Semi-Static Signaling
A study of the effect of blind receivers with Semi-Static signaling to restrict the interferer parameters includes the performance impact and the complexity impact. 
In this paper, we study the effect of semi-statically restricting the transmission mode on both link-level performance and implementation complexity. We also present our views on the other possible semi-static restrictions.
Link-Level Performance: 
Figures 1-4 shows link level performance evaluations using blind R-ML receiver using the following semi-static restrictions (simulation assumptions are described in [2]).
Table 1: Receiver Combinations

	Simulation Case
	Receiver
	Restriction

	R-ML_FULL_BLIND
	R-ML
	None

	R-ML_TM_Res
	R-ML
	TM = {TM2, TM3}
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Figure 1: TM2/TM3/TM2 Scen1, RU 60%, I1/Noc 50%tile
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Figure 2: TM2/TM3/TM2 Scen1, RU 60%, I1/Noc 80%tile
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Figure 3: TM2/TM3/TM2 Scen2, RU 40%, I1/Noc 50%tile
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Figure 4: TM2/TM3/TM2 Scen2, RU 40%, I1/Noc 80%tile


From the figures above we can observe that TM restriction have very limited gains on top of the full-blind receiver, especially at lower serving SNR levels. As the serving SNR gets higher, we start to see some gains in the performance as the interferer cells get noisy and the restrictions start to help. 

Complexity: 
It is shown in [4] that the complexity of detecting TM and TPR depends significantly on the number of hypotheses the receiver has to detect. Restrictions can thus reduce the complexity considerably. 
Given the reduced complexity and the slightly improved performance we propose the following:

Proposal 1: Propose that Data to RS tone EPRE for QPSK with rank1 transmissions should follow the PA value, as it is currently the case for other modulation schemes.

Currently, PA can take 8 different values: Large variation can impact performance/complexity. 
Proposal 2: Propose to semi-statically restrict PA values to a smaller set to reduce UE complexity while potentially improving performance without loss of flexibility at the base station. Examples of such restrictions: {-3dB, 0dB, +3dB}
Proposal 3: Propose to semi-statically restrict the special scheme to reduce UE complexity while potentially improving performance based on network deployment without loss of flexibility at the base station. Examples of such restrictions: {TM2, TM3} in case of TM2 serving, and {TM2, TM4} in case of TM4 serving
Granularity of parameter variation: The UE could potentially see different interferers on each PRB-pair. With type-2 distributed allocation, the interferer could be different on each RB. However, in order to limit UE complexity, we propose the following.

Proposal 4: Propose that interferer allocation is the same across a PRB pair.

CSI-RS configurations:

Proposal 5: Propose to semi-statically restrict the configurations of the CSI-RS to reduce UE complexity while potentially improving performance.

Virtual Cell ID:

Proposal 6: Propose to semi-statically restrict the Virtual Cell IDs to reduce UE complexity.

Other Parameters:
Modulation scheme: Based on our implementation, we believe that restricting the modulation scheme may potentially have negative impact on the system performance of the network. RAN1 is in better position to evaluate this.
Proposal 7: Propose that the UE detect interferer modulation order blindly.

Precoding Matrix: Based on our implementation, we believe that restricting the Precoding Matrix may potentially have negative impact on the system performance of the network. RAN1 is in better position to evaluate this.
Proposal 8: Propose that the UE detect the interferer precoding indicator blindly.

3 Conclusions
In this contribution we discussed the options of the NAICS receiver taking into account the complexity, feasibility, and link level performance characterizations. 

Proposal 1: Propose that Data to RS tone EPRE for QPSK with rank1 transmissions should follow the PA value, as it is currently the case for other modulation schemes.

Proposal 2: Propose to semi-statically restrict PA values to a smaller set to reduce UE complexity while potentially improving performance without loss of flexibility at the base station. Examples of such restrictions: {-3dB, 0dB, +3dB}
Proposal 3: Propose to semi-statically restrict the special scheme to reduce UE complexity while potentially improving performance without loss of flexibility at the base station. Examples of such restrictions: {TM2, TM3} in case of TM2 serving, and {TM2, TM4} in case of TM4 serving

Proposal 4: Propose that interferer allocation is the same across a PRB pair.

Proposal 5: Propose to semi-statically restrict the configurations of the CSI-RS to reduce UE complexity while potentially improving performance.

Proposal 6: Propose to semi-statically restrict the Virtual Cell IDs to reduce UE complexity.

Proposal 7: Propose that the UE detect interferer modulation order blindly.

Proposal 8: Propose that the UE detect the interferer precoding indicator blindly.
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