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1 Introduction

In the 74bis# meeting, many discussions were raised on NAICS CSI test and there didn’t reach any notable consensus. The WF [1] proposed that MMSE-IRC based CQI reporting could be allowed for Rel-12 NAICS and post-NAICS is precluded depending on UE implementation. But unfortunately, some companies hold concern on the feasibility how to verify such UE behavior with respect to the proposed test setup in [1]. 
So, in this contribution, we will firstly discuss the UE behaviour for NAICS CQI, and then evaluate the feasibility of CQI robustness test and CQI minimum gain tests.
2 Discussion on CSI requirement
2.1 LMMSE-IRC based CQI
Generally, based on the contributions and discussions in previous RAN4 meeting, there already achieved a clear view on MMSE-IRC based CQI reporting:
Complexity:
The UE is capable of computing and reporting CQI based on LMMSE-IRC receiver since Rel-11 LMMSE-IRC. So, from UE implementation point of view, it’s easy scheme.
Performance:
As it’s justified that NAICS receiver could provide significant gain over MMSE-IRC based receiver with certain interference condition, so UE would underestimate CQI value if MMSE-IRC based CQI and NAICS based demodulation, and then, from the link adaptation point of view, the NAICS receiver with MMCE-IRC based CQI could not fully explore and show the NAICS gain in real network. 
Considering that, mandating the MMSE-IRC receive would:

1. Not fully explore and show the NAICS gain in network

2. Prevent the advanced post-NAICS CQI scheme in current and feature implementation

So, based on above analysis, it could be concluded that: 
Observation 1

LMMSE-IRC based CQI is not suitable for Rel-12 NAICS CQI..
2.2 post NAICS CQI
In the previous discussion, there are several schemes to take NAICS gain into CQI derivation, which are:
Dynamic post NAICS

· The UE would perform the blind detection on interference signal for interference level and other conditions, and then estimate the potential NAICS gain. It should be mentioned that the estimated NAICS gain could be exact gain value which exactly match the certain interference condition, or a passive value which aim at the most challenging interference condition.

· The blind detection of interference could be done with without serving cell PDSCH, and not involve additional implementation complexity [2][3].

A semi-static approach
· The UE will not need perform the blind detection on the interference signal, but perform some semi-static estimation on the NAICS gain, depending on the UE implementation.

Detailed analysis and evaluation had already provided in previous RAN4 meeting, and there also had clear views on those methods:
1. From the performance point of view, the post-NAICS CQI will outperform MMSE-IRC based CQI when NAICS receiver is used.

2. From the implementation point of view, the dynamic post-NAICS and semi-static approach are both feasible, while still some companies had concerns on the full-dynamic post-NAICS CQI.
3. Post-NAICS CQI will be correct UE implementation to fully explore and show NAICS gain in network, and match the CQI definition in specification.
So, based on above analysis, it could be concluded that:
Observation 2
Post-NAICS CQI is the correct UE implementation for NAICS CQI derivation. 
2.3 Summary
Based on the above observation, there should have a clear standpoint in RAN4 about the NAICS CQI, which is adopting post-NAICS as default scheme. While considering the strong views from some companies on the implementation issues, the compromised solution is that: RAN4 could admit that MMSE-IRC based CQI reporting is allowed for Rel-12 NAICS, and post-NAICS CQI is not precluded depending on the UE implementation.
So, for the progress of NAICS WI, we propose that

Proposal 1
MMSE-IRC based CQI reporting is allowed for Rel-12 NAICS, and post-NAICS CQI is not precluded depending on the UE implementation. 
With respect to the UE behavior of NAICS CQI, some operator suggested to at least introducing some CQI requirement to verify the minimum CQI performance. In our opinion, it’s reasonable to verify the NAICS behavior for CQI. So, we propose that:

Proposal 2
RAN4 needs to investigate the feasibility of CQI requirements to verify the CQI reporting for Rel-12 NAICS. 
3 Evaluation 
In this section, based on the test purposed listed in WF [1], we will evaluate the feasibility from the following two respects:

1. CQI robustness: CQI tested by RAN4 preserves NAICS demodulation gains compared to MMSE-IRC based demodulation

2. CQI minimum gain: The performance of NAICS demodulation with the tested CQI is at least as good as MMSE-IRC based CQI reporting

3.1 CQI robustness test
The test setup of robustness would follow the instruction in [1].
Assumption for T1
· TM2/2/2

· random interference model 

· Rank=1/1/1

· Low INR: INR1=3.28dB,INR2=0.74dB
· High INR: INR1 = 13.91 dB, INR2 = 3.34 dB
· With follow CQI 
· With configuration of NAICS assistance information, NAICS as default receiver for demodulation
Assumption for T2
· TM2/Null/Null
· unstructured Gaussian interference 
· Rank = 1/1/1
· Low INR: INR1=3.28dB,INR2=0.74dB
· High INR: INR1 = 13.91 dB, INR2 = 3.34 dB
· With follow CQI  
· Without configuration of NAICS assistance information, MMSE-IRC as default receiver for demodulation
The simulation result is provided in Figure 1. It should be mentioned that the MMSE-IRC based CQI is sued for both T1 and T2.
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Figure 1 the result for CQI robustness test

It could be observed that:

· NAICS receiver with MMSE-IRC based CQI could achieve better performance compared to MMSE-IRC receiver with MMSE-IRC CQI, the performance gain depends the interference level.
So, the proposed CQI robustness test could verify no performance loss for NAICS receiver compared to MMSE-IRC. 
3.2 CQI minimum gain test
The test setup of minimum gain test would follow the principle test setup in [2]. In generally, T0 is used to get the MMSE-IRC based CQI, T1 is used to get the throughput of NAICS demodulation and tested CQI (MMSE-IRC based or post-NAICS), T2 is used to get the throughput of NAICS demodulation and MMSE-IRC CQI.
Assumption for T0 
· TM4/4
· unstructured Gaussian interference with one interference cell, INR = 13.91, rank = 1
· Without configuration of NAICS assistance information, MMSE-IRC receiver for demodulation
· With follow MMSE-IRC CQI calculation
· Record the UE feedback of wideband CQI, and derivate the mean CQI for each given SNR values
Assumption for T1 
· TM4/4/4

· Fixed interference model with one interference cell, INR = 13.91, rank = 1, 
· With follow tested CQI calculation ( post-NAICS or MMSE-IRC based depends on UE implementation)
· With configuration of NAICS assistance information, NAICS receiver for demodulation
Assumption for T2 

· TM4/4/4

· Fixed interference model one interference cell, INR = 13.91, rank =1, 
· With follow MMSE-IRC CQI (use the mean CQI values from T0) 
· With configuration of NAICS assistance information, NAICS receiver for demodulation
The other detailed parameters are listed in Table 1

Table 1 Simulation assumption for CQI minimum gain test
	Parameters
	unit
	service Cell assumptions
	interference Cell

	Bandwidth
	MHz
	3
	3

	PRB allocation
	
	full
	full

	scheduled  subframes
	
	1,2,3,4,6,7,8,9
	1,2,3,4,6,7,8,9

	CFI
	
	3
	3

	Propagation channel
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	PMI (wideband)
	
	3
	1

	MCS
	
	Adaptive
	Adaptive

	Time/Frequency offset
	
	0us, 0Hz
	2us, 200Hz

	MBSFN configuration
	
	not used
	not used

	Cell ID（colliding）
	
	0
	6

	PA
	dB
	-3
	-3

	PB
	dB
	1
	1

	PA signal set
	dB
	(-6,-3,0)
	

	Resource allocation
	
	1
	1


The simulation result is provided in Figure 2. It should be mentioned that the post-NAICS CQI is used for both T1.
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Figure 2 the result for CQI minimum test

It could be observed that:

· NAICS demodulation performance with the advanced CQI calculation has significant gain than that with MMCE-IRC based CQI calculation.
· With higher SINR region, the performance gain of NAICS receiver would decrease. 
So, the proposed CQI minimum gain test could verify that the performance of NAICS demodulation with the tested CQI is at least as good as MMSE-IRC based CQI reporting.
Based on evaluation and the related analysis above, we propose
 Proposal 3
Take the evaluated CQI robustness test and minimum gain tests as CQI requirements for Rel-12 NAICS CQI..
4 Conclusion

In this contribution, we provided our analysis for NAICS CSI requirements, and conclude that:

Observation 1

LMMSE-IRC based CQI is not suitable for Rel-12 NAICS CQI.
Observation 2
Post-NAICS CQI is the correct UE implementation for NAICS CQI derivation.

Proposal 1
MMSE-IRC based CQI reporting is allowed for Rel-12 NAICS, and post-NAICS CQI is not precluded depending on the UE implementation. 
Proposal 2
RAN4 needs to investigate the feasibility of CQI requirements to verify the CQI reporting for Rel-12 NAICS.
Proposal 3
Take the evaluated CQI robustness test and minimum gain tests as CQI requirements for Rel-12 NAICS CQI.
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