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1. Introduction

In accordance to the NAICS WI Performance part objectives RAN4 needs to define the demodulation and CSI feedback performance requirements for the NAICS receivers [1]. In the previous meetings different CSI reporting approaches for the NAICS receiver were considered. In particular, dynamic post-NAICS, semi-static partial post-NAICS, LMMSE-IRC+CRS-IC and LMMSE-IRC based CQI computation methods were discussed. Several issues with the feasibility of dynamic post-NAICS based CSI reporting were identified and as the result no consensus on the recommended CSI reporting approach for NAICS receivers was reached. Meantime, in the last RAN4 meeting the following agreements were reached [2] in a way to facilitate further discussion/studies:
Background
· RAN 4 discussed several options in terms of CQI computation i.e.
· 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)
Way forward
· RAN 4 acknowledges that the UE is capable of computing CQI based on LMMSE-IRC
· Tests are already available to verify this behavior (type A receiver tests)
· FFS if new tests are required to account for NAICS conditions
· RAN 4 acknowledges that the UE is capable of computing CQI involving CRS-IC with the configuration of measurement set
· The behavior is verified under FeICIC. 
· RAN4 has not verified the CQI computation involving CRS-IC in non-FeICIC cases. 
· Under the agreement of 3 layers cancelled by the UE under NAICS, and in particular in the absence of serving cell PDSCH for the intended UE, RAN4 does not have consensus on the feasibility of the CQI computation based on dynamic post NAICS
· 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
· For Rel-12 NAICS RAN 4 can adopt only CQI reporting based on solutions that are agreed to be feasible.
· Whether an LS to RAN 1 is required is FFS.
In this contribution we share our further views on the potential CSI reporting methods and provide results of the link-level performance of different approaches.

2. Discussion
At current stage the following candidate CQI computation methods are considered for NAICS receivers:

· Method #1: CQI computed based on LMMSE-IRC
· Method #2: CQI computed based on LMMSE-IRC+CRS-IC (partial post-NAICS)
· Method #3: CQI computed based on a semi-static approach (partial post-NAICS)
Method #1: CQI computed based on LMMSE-IRC

In accordance to this approach UE provides CQI reports under assumption of using legacy LMMSE-IRC based demodulation and relies on the eNB side OLLA which compensates the difference between the reported and actually achievable CQIs.

· Performance: UE would likely underestimate the CQI in NAICS favourable conditions. In this case NAICS receivers can still provide performance improvement over LMMSE-IRC receivers due to reduced BLER. Furthermore, eNB based OLLA can be applied to achieve performance improvement via CQI mismatch compensation. Depending on the interference variation in time this approach may potentially have somewhat reduced performance comparing to the dynamic CQI reporting due to OLLA convergence effects.
· Complexity: The LMMSE-IRC based CSI reporting is already widely deployed and can be used in combination with NAICS receivers.

· CSI consistency: UE CSI reporting behavior is consistent and is predictable at the eNB side.
· Compliance to CQI definition: The LMMSE-IRC based reporting is not compliant to the RAN1 CQI definition which requires UE to take take into account all NAICS gains for CQI calculation. Therefore, the CQI definitions needs to be updated in case this method is agreed to be used.
· CSI reporting test cases: New RAN4 CQI reporting test case may need to be introduced to ensure consistent LMMSE-IRC based CSI reporting under various interference conditions given NAICS HL signaling is provided.
Method #2: CQI computed based on LMMSE-IRC + CRS-IC (partial post-NAICS)

In accordance this approach UE provides CQI reports under assumption of using legacy LMMSE-IRC based demodulation along with CRS-IC.
· Performance: Comparing to the Method #1, the Method #2 is expected to have certain performance improvement for the non-colliding CRS scenarios (e.g. TM9/9/9 non-colliding CRS). Furthermore, in such scenarios the LMMSE-IRC + CRS-IC based CQI reporting would provide near optimal CQI estimates for the case of no PDSCH interference. For instance, in case of 40% RU ratio which is considered in the NAICS SI/WI, the Method #2 would provide correct CQI in the 60% of occasions.
· Complexity: The LMMSE-IRC + CRS-IC based CSI reporting is already supported in LTE Rel-11 FeICIC framework and hence can be applied for the NAICS framework as well.

· CSI consistency: UE CSI reporting behavior is consistent and is predictable at the eNB side.
· Compliance to CQI definition: Similar to Method #1 CQI definition modification is required.
· CSI reporting test cases: Same as for Method #1.
Method #3: CQI computed based on a semi-static approach (partial post-NAICS)

In accordance to this approach the UE provides adjusted LMMSE-IRC based CQI reporting which captures potential conservative NAICS gains [3]. For instance, the adjustment may reflect the “NAICS cancellation capability under Rank2, 64 QAM interference for given C/N and I/N values”. 

· Performance: Generally, efficient handling of Rank 2 64QAM interference is rather challenging and NAICS receivers have marginal performance improvement over LMMSE-IRC receivers for the typical interference conditions considered in the NAICS SI/WI. For instance, in Figures 1 and 2 we illustrate the NAICS and LMMSE-IRC performance for the TM4/4/4 colliding CRS and TM9/9/9 non-colliding CRS scenarios under assumption of fixed Rank 2 64QAM interference. It can be seen that NAICS receivers cannot ensure performance improvement over LMMSE-IRC under those conditions.
· Complexity: The complexity of the approach is expected to be on par with the LMMSE-IRC + CRS-IC reporting.

· CSI consistency: Depends on the implementations and needs to be guaranteed by multiple test cases.
· Compliance to CQI definition: Same as for Method #1 and #2.
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	Figure 1. PDSCH throughput. TM4/TM4 with colliding CRS. Serving cell MCS 9. Interfere cell QAM64 Rank 2. High INR.
	Figure 2. PDSCH throughput. TM9/TM9 with non-colliding CRS. Serving cell MCS 9. Interfere cell QAM64 Rank 2. High INR.


Summary
From the performance perspective the Method #3 does not provide improvement over Methods #1 and #2. In addition, the possible advantages of using the proposed approach are not justified and therefore the Method #3 should be excluded from further consideration.
3. Performance analysis
In this section we provide the results of the link level performance analysis of the LMMSE-IRC and LMMSE-IRC + CRS-IC reporting methods in case of using R-ML NAICS demodulation processing and compare them vs the legacy LMMSE-IRC feedback / demodulation case. 

The analysis was done for the different interference conditions, TMs and CRS pattern scenarios. In particular, the following modelling parameters were used:
· Interference environments:
· Fixed QPSK Rank 1 interference environment: NAICS Phase 1 interference model is used with the ON/ON interference pattern with 100% interference loading and fixed QPSK Rank 1 interference transmission parameters.

· Dynamic FTP interference environment: Typical NAICS Phase 2 assumptions are used with 40% target RU (100% load in frequency and 40% load in time). The interference MCS/RI distribution is provided in Table 1.

Table 1. Interference MCS/RI distribution for the Dynamic FTP interference model

	MCS
	Probability

	MCS7 (QPSK), RI = 1
	17%
	55%

	MCS15 (16QAM), RI = 1
	22%
	

	MCS22 (64QAM), RI = 1
	16%
	

	MCS7 (QPSK), RI = 2
	11%
	45%

	MCS14 (16QAM), RI = 2
	16%
	

	MCS22 (64QAM), RI = 2
	18%
	


· Randomized interference environment: The randomized model similar to the one considered for the demodulation test cases (100% load in time, 90% load in frequency) [4] (the model is slightly modified to fit the 3MHz BW).
· No dominant PDSCH interference (OFF/OFF scenario)
· TMs and CRS pattern scenarios:

· TM9/TM9 with non-colliding CRS pattern

· TM4/TM4 with colliding CRS pattern
· CSI reporting includes wideband CQI and PMI feedback. Fixed RI = 1. Follow CQI/PMI.

· Result are provided with and without OLLA 
· OLLA parameters: Target PER = 10%, SNR step down is 1 dB

· Demodulation and CSI reporting methods:

· LMMSE-IRC demodulation, LMMSE-IRC CSI reporting (“LMMSE-IRC, FB IRC”);

· R-ML NAICS demodulation, LMMSE-IRC CSI reporting (“R-ML, FB IRC”);
· R-ML NAICS demodulation, LMMSE-IRC + CRS-IC CSI reporting (“R-ML, FB IRC + CRS-IC”);
· High INR conditions
· 3 MHz BW

· No HARQ retransmissions
The link-level simulation results are illustrated in Figures 3 – 18 for different scenarios, interference conditions and the cases with and without OLLA at the eNodeB side. 
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	Figure 3. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Fixed QPSK interference. No OLLA
	Figure 4. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Fixed QPSK interference. OLLA
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	Figure 5. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Randomized interference. No OLLA
	Figure 6. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Randomized interference. OLLA
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	Figure 7. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Dynamic FTP interference. No OLLA
	Figure 8. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
Dynamic FTP interference. OLLA
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	Figure 9. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
OFF/OFF interference. No OLLA
	Figure 10. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. 
OFF/OFF interference. OLLA
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	Figure 11. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Fixed QPSK interference. No OLLA
	Figure 12. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Fixed QPSK interference. OLLA
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	Figure 13. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Randomized interference. No OLLA
	Figure 14. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Randomized interference. OLLA
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	Figure 15. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Dynamic FTP interference. No OLLA
	Figure 16. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
Dynamic FTP interference. OLLA
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	Figure 17. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
OFF/OFF interference. No OLLA
	Figure 18. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. 
OFF/OFF interference. OLLA


The summary of NAICS throughput gains vs LMMSE-IRC is provided in Table 2.
Table 2. CSI reporting results summary

	Scenario
	Interference model
	NAICS throughput gain vs LMMSE-IRC @ 13 dB SNR, %

	
	
	w/o OLLA
	w/ OLLA

	
	
	LMMSE-IRC CQI
	LMMSE-IRC + CRS-IC CQI
	LMMSE-IRC CQI
	LMMSE-IRC + CRS-IC CQI

	TM9/9/9 with non-colliding CRS
	Fixed QPSK 
	14%
	16%
	23%
	24%

	
	Randomized
	9%
	11%
	13%
	16%

	
	Dynamic FTP
	6%
	8%
	23%
	24%

	
	OFF/OFF
	3%
	4%
	25%
	26%

	TM4/4/4 with colliding CRS
	Fixed QPSK
	28%
	28%
	39%
	39%

	
	Randomized
	24%
	24%
	30%
	30%

	
	Dynamic FTP
	6%
	6%
	14%
	14%

	
	OFF/OFF
	0%
	0%
	8%
	8%


Observations:

· In case of using LMMSE-IRC and LMSME-IRC + CRS-IC CQI reporting NAICS receivers can achieve noticeable performance improvement over LMMSE-IRC receivers in the majority of the investigated interference conditions (fixed, randomized, dynamic FRP, no interference) in case of w/ and w/o OLLA.
· In case of no OLLA, the performance improvement is achieved due to lower BLER of NAICS receivers comparing to the LMMSE-IRC receivers.
· In the majority of scenarios the performance of LMMSE-IRC and LMMSE-IRC + CRS-IC approaches is almost identical. Using CRS-IC provides small performance improvement for the non-colliding CRS scenarios.
4. Conclusions

In this contribution we have shared our views on the potential CSI reporting methods and provided results of the link-level performance of different approaches. Based on the results of this analysis we think that LMMSE-IRC + CRS-IC based CSI reporting is the most viable approach which allows capturing NAICS receivers gains and can be recommended to be defined in the Rel-12 scope. In summary, we make the following proposals:
Proposal #1: LMMSE-IRC + CRS-IC based CSI reporting is recommended to be used for NAICS receivers in Rel-12 scope.

Proposal #2: Send LS to RAN1 with the recommendation to change CQI definition for NAICS CSI reporting.
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Annex – Simulation assumptions
Table 3. Simulation assumptions

	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	3 MHz (15 PRB pairs)

	Number of interference BS
	2

	Cell ID
	Serving cell: 0
Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1
Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 - 6

	Antenna configuration
	2x2, low correlation

	HARQ modelling
	Maximum 1 HARQ retransmission

	Interference scenario
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Useful signal transmission parameters
	15 PRB resource allocation

Wideband PMI, Follow PMI, Follow CQI + OLLA

	Interference signal transmission parameters
	Scenarios:

1) Fixed ON/ON QPSK Rank 1 interference

2) Randomized interference model [3]

3) Dynamic Phase 2 FTP interference model

4) OFF/OFF interference pattern 
15 PRB resource allocation

Wideband random PMI per TTI

	CSI-RS 
	Interference cells CSI-RS do not collide with the serving cell data

	PDCCH/PCFICH
	CFI = 3 for both serving and interference cells

PDCCH/PCFICH decoding impacts are not taken into account

	Receiver structures
	LMMSE-IRC

NAICS R-ML

	OLLA
	Target PER = 10%; 1dB SNR step down 
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