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1 Introduction

In the 74# meeting, there were many discussions on NAICS CSI test and some agreements were reached and captured in WF [1]. In this contribution, we will further discuss and evaluate the feasibility of candidate options for NAICS CQI, and then show our proposals.

2 Discussion on CSI requirement

In the last meeting, WF [1] suggested that companies are encouraged to provide analysis on the candidate solutions, which are:

· In the next meeting the companies are expected to provide analysis on the enhanced CQI reporting solutions (listed below) and their comparison with LMMSE-IRC based CQI reporting

· CQI calculation based on LMMSE-IRC+CRS-IC

· CQI calculation based on a semi-static approach

· Other options are not precluded

So, accordingly, we will discuss the four options, including:
· CQI computed based on LMMSE-IRC

· CQI computed based on LMMSE-IRC+CRS-IC (partial post-NAICS)

· CQI computed based on a semi-static approach (partial post-NAICS) 

· CQI computed based on dynamic post NAICS (full post-NAICS)
2.1 CQI calculation based on LMMSE-IRC
Generally, contributions and discussions in previous RAN4 meeting had show a clear view on this option:
· The UE is capable of  computing CQI based on LMMSE-IRC, as tests are already available to verify this behavior (type A receiver tests)
· Only LMMSE-IRC itself is not able to obtain the NAICS gain in real-network, while LMMSE-IRC + OLLA could somehow take the NAICS gain into MCS decision. 

· So, for the purpose of achieving NAICS gain, the eNB is obliged to apply OLLA adjusting for NAICS UE CQI reporting.

· Whether introducing a new test to verify LMMSE-IRC CQI reporting for NAICS UE is confusing:

· If yes, there comes a strange test purpose in RAN4, which is presenting the UE chipset vendor applying advanced algorithm to measure and report an accurate CQI.
· If no, then how can we guarantee the UE behaviour to apply only LMMSE-IRC?
Currently, with concern on the complexity of post-NAICS CQI, some companies would like to take LMMSE-IRC as default solutions for NAICS CSI , and while others thinks post-NAICS is feasible and acceptable to be adopted. Given this situation, we think that it’s not reasonable to justify the LMMSE-IRC as the only solutions for NAICS CQI reporting. 
Proposal 1

With respect to different implementation, RAN4 shouldn’t justify LMMSE-IC as the only valid solution and prevent the implementation of post-NAICS CQI for accurate CQI reporting. 
2.2 CQI calculation based on LMMSE-IRC+CRS-IC
LMMSE-IRC + CRS-IC were proposed and treated as a candidate solution as a partial post-NAICS CQI, and WF [1] also captured the common views on this options:

· RAN 4 acknowledges that the UE is capable of computing CQI involving CRS-IC with the configuration of measurement set

· The behaviour is verified under feICIC. 

· RAN4 has not verified the CQI computation involving CRS-IC in non-FeICIC cases. 

So, it’s obviously that because of the difference between FeICIC and NAICS, it’s still questionable about the feasibility of LMMSE-IRC + CRS-IC for NAICS CQI.
In this section, firstly, a link level simulation is captured to investigate the impact of the presence of PDSCH on CRS-IC gain. Generally two interference cells are present with FeICIC interference level, the 1st intf-cell is CRS-colliding and 2nd intf-cell is CRS non-colliding, and the PDSCH of 1st intf-cell is present or absent depending on simulation assumption.
Detailed simulation assumptions are provided in Table 1, and results in Figure 1.

Table 1 Simulation assumptions for CRS-IC gain 

	Parameters
	Parameters

	Transmission mode
	PDSCH TM6

	 Bandwidth and PRB allocation
	 10MHz, 50PRB

	PDCCH symbol
	2

	Propagation channel
	EVA5

	antenna configuration
	2x2 low

	receiver
	legacy receiver: MMSE-IRC

CRS-IM receiver: MMSE-IRC + CRS-IC

	MCS of serving cell
	16QAM 0.5, rank1

	Interference condition
	1st strong interference: INR =12dB, CRS-colliding

2nd strong interference:  INR = 10dB, CRS-non-colliding

	Time frequency offset
	[0 us, 0Hz]

	PDSCH interference
	Option 1: the 1st cell PDSCH is on, TM3 rank2, QPSK0.5, the 2nd cell PDSCH is off

Option 2: the 1st cell PDSCH is off, the 2nd cell PDSCH is off
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Figure 1 Performance of CRS-IC gain with and without the PDSCH interference
It could be observed that 

· The performance gain of MMSE-IRC + CRS-IC compared with MMSE-IRC is high related the presence of PDSCH:

· For the cases of PDSCH absent, the gain of CRS-IC is about 5.6 dB @70% maximum TP.

· For the cases of PDSCH present, the gain of CRS-IC is about 0.8 dB @70% maximum TP.

So, it could be concluded that, from the PDSCH demodulation performance point of view, the gain of CRS-IC would highly depend on the presence of PDSCH interference. 
Observation 1
The CRS-IC gain highly depends on the presence of PDSCH. 

With the above conclusion, with respect to the procedure on how to achieve the CRS-IC gain into CQI, the NAICS UE is still required to blind detect the presence of interference PDSCH, and then determine the CRS-IC gain, so, from this point of view, the complexity issues raised for the dynamic post-NAICS solutions also exist.  
 Observation 2
More clarification is needed to justify the procedure on how to achieve CRS-IC gain, such as whether blind detection on the PDSCH absence is needed. 
From the NAICS receiver point of view, as the NAICS gain is original from the CRS-IC and PDSCH-IC, so it’s not clear how to separate the CRS-IC gain from the NAICS-gain, and take only CRS-IC gain into NAICS CQI.
Observation 3
More clarification is needed to justify on how to take only CRS-IC gain into CQI and not include the PDSCH-IC gain into CQI. 

The CRS-IC only receiver is also discussed in R.13 CRS-IM WI, and WF [4] has clearly described the discussion and progress of CRS-IC CQI.  In our opinion, the LMMSE-IRC+CRS-IC for CQI is out of the scope of R.12 NAICS, and should be covered in R.13 CRS-IM topic. So, we would like suggest that R.12 NAICS should focus on discussing PDSCH-IC based post-NAICS CQI, rather than CRS-IC based post-NAICS CQI.
Observation 4
The feasibility of LMMSE-IRC+CRS-IC for CQI reporting is out of the scope of R.12 NAICS, and the PDSCH-IC based post-NAICS CQI should be focused in R.12 NAICS 

Based on the above discussion, we think that currently, it’s not feasible to have LMMSE-IRC+CRS-IC as the NAICS CQI reporting, so we propose that:

Proposal 2
It’s not feasible to have LMMSE-IRC+CRS-IC for NAICS CQI reporting 

2.3 CQI computed based on dynamic post NAICS 
Regarding the dynamic post NAICS, exhaustive analysis are provided to justify the feasibility in [2]. While the only concerns received currently is about the implementation complexity. So, we would like to interpret the complexity of dynamic post NAICS. 
As discussed in [3], if UE is required to have the CQI measurement in certain subframe, there would be different UE behaviours regarding three different cases defined in the following: 

•
Case 1--- serving cell PDSCH is scheduled for target UE
· UE could directly estimate the NAICS gain based on known serving and interference PDSCH because the receiver has detected the related parameters before demodulation the useful signal. 

· As for the UE implement, the increased complexity compared to the legacy UE mainly centres upon blind detection. Fortunately, the UE could directly use the parameters detected during demodulation process. So in this case, NAICS CQI measurement doesn’t bring additional complexity compared to MMSE-IRC based CQI measurement in legacy system.  

•
Case 2--- serving cell PDSCH is not scheduled
•
Case 3--- unknown serving cell PDSCH is scheduled, i.e. the PDSCH is scheduled for another UE.
· In case of the absence of serving cell PDSCH signal or the presence of other UE’s PDSCH signal, regarding the procedure of pose-IC CSI measurement, UE could perform blind detection on the interference cell, and get the estimation of NAICS gain based on the estimation of interference parameters and the prediction of serving PDSCH transmission.
· From the complexity point of view, in this case, NAICS doesn’t need to perform NAICS receiver for demodulation, and then the NAICS resource could be used for CSI measurement, so the complexity of post-IC CSI is not significantly promoted. 
So, based on above analysis, we propose that:
Proposal 3
Regarding the complexity and implementation procedure, dynamic post-NAICS CQI is a feasible solution to take account of NAICS gain into CSI reporting, and could be adopted as optional solution. 
2.4 CQI calculation based on a semi-static approach
Considering UE complexity impact and robustness issues under burst interference conditions, a semi-static approach was proposed in [2] in 74# meeting:
Propose to use Semi-Static Post-NAICS CQI where the UE captures in its CQI report, a conservative NAICS gain on top of MMSE-IRC performance, as a function of semi-static interference (and serving cell) parameters such as I/N (and C/N) but not dynamic parameters such as modulation, rank loading etc.


NAICS_CQI = MMSE_CQI + ΔNAICS, 

where, ΔNAICS is the conservative NAICS gain that the UE reports considering its capability over the ensemble of interference scenarios that may be observed considering the semi-static interference parameters alone.
With respect to this semi-static post-NAICS CQI, from the feasibility point of view:
· Regarding the complexity of UE complexity, as Semi-Static Post-NAICS CQI is independence of dynamically changing parameters such modulation and rank etc, UE doesn’t need to blindly estimate those parameters periodically or aperiodically. So this approach reduces the UE complexity while the serving cell PDSCH signal is absent or the other UE’s PDSCH signal is present. 
· For aspect of robustness, as the scheme is independence of dynamically changing parameters, and the ΔNAICS may be get based on abundant evaluation results and history statistics, so it will not deteriorate while surrounded interference conditions change fast.

For the purpose of justifying the semi-static approach, we capture link level evaluation to verify the performance of MMSE-IRC based CQI and semi-static post-NAICS CQI. The simulation assumptions are provided in Table 1 and results in Figure 1.
Table 2 simulation assumption of CQI definition tests for Semi Post-NAICS CQI
	Parameters
	unit
	Values

	bandwidth
	MHz
	10

	PRB allocation
	
	50PRB

	scheduled subframe
	
	[1,2,3,4,6,7,8,9]

	CFI
	
	3

	Propagation channel
	
	EPA5

	Antenna configuration
	
	2x2 low

	interference modelling
	
	High interference level: INR_1 = 13.91dB, INR_2 = 3.34dB

random rank and PMI

	Transmission mode
	
	1. TM4/4/4

2. TM9/9/9

	Receiver
	
	NAICS receiver: R-ML with CRS-IC/DMRS-IC

	CQI measurement and reporting
	
	without OLLA

1. legacy LMMSE-IRC based CQI

2. semi-static post-NAICS CQI
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Figure 2: Throughput performance of semi-static post and MMSE-IRC based CQI reporting

Based on the results, it could be observed that:

· Significant throughput gain could be achieved with semi-static post-NAICS CQI compared with MMSE-IRC based CQI.

Based on the above analysis on complexity and robustness , with respect to the evaluation of throughput gain, the semi-static post-NAICS CQI is proved as an efficient way to take NAICS gain into CSI reporting, so, we propose that:
 Proposal 4
Semi-static post-NAICS CQI is a feasible solution to take account of NAICS gain into CSI reporting, and could be adopted as optional solution.

2.5 Summary
In summary, with respect to the four solutions for NAICS CSI reporting, we find that it’s feasible for UE to capture the semi-static NAICS CQI or dynamic post-NAICS CQI as the default solution when deriving CQI. So, furthermore, we suggest RAN4 should further investigate/introduce the CQI definition test for NAICS UE to verify the UE behavior. Our previous contribution [2] had already found it’s feasible to have a CQI definition test. 
Proposal 5
CQI definition should be introduced to verify the UE behaviour on post-NAICS CQI reporting 

3 Conclusion

In this contribution, we present our analysis on four NAICS CQI reporting methods, and based on our analysis and evaluation, we propose that:

Proposal 1

With respect to different implementation, RAN4 shouldn’t justify LMMSE-IC as the only valid solution and prevent the implementation of post-NAICS CQI for accurate CQI reporting. 

Observation 1
The CRS-IC gain highly depends on the presence of PDSCH. 

Observation 2
More clarification is needed to justify the procedure on how to achieve CRS-IC gain, such as whether blind detection on the PDSCH absence is needed. 

Observation 3
More clarification is needed to justify on how to take only CRS-IC gain into CQI and not include the PDSCH-IC gain into CQI. 

Observation 4
The feasibility of LMMSE-IRC+CRS-IC for CQI reporting is out of the scope of R.12 NAICS, and the PDSCH-IC based post-NAICS CQI should be focused in R.12 NAICS 

Proposal 2
It’s not feasible to have LMMSE-IRC+CRS-IC for NAICS CQI reporting 

Proposal 3

Regarding the complexity and implementation procedure, dynamic post-NAICS CQI is a feasible solution to take account of NAICS gain into CSI reporting, and could be adopted as optional solution. 

Proposal 4
Semi-static post-NAICS CQI is a feasible solution to take account of NAICS gain into CSI reporting, and could be adopted as optional solution. 

Proposal 5
CQI definition should be introduced to verify the UE behaviour on post-NAICS CQI reporting 
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