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1 Introduction

In this contribution, we discuss test scenario for NAICS performance requirement and provide simulation results for NAICS performance with and without CRS-IC operation based on adhoc meeting minutes [1].
2 Discussion on Test Scenario
Based on WID [1] of NAICS, considerations to define performance requirement for NAICS receiver are as follows:

· Define unified performance requirement for NAICS receiver
· Ensure no performance loss compared to LMMSE-IRC receiver in all interference PDSCH scenarios
In this section, we provide our views on verification for NAICS receiver gain and robustness. 

2.1 PDSCH start position
For PDSCH start symbol, there is no higher layer signaling, and RAN4 agreement for detecting PDSCH starting OFDM symbol of interference cell is as follow:
· PDSCH starting symbol may be blindly detected through PCFICH decoding, in case that PCFICH carries the actual value of CFI.
· Alternatively, UE may always assume the most conservative PDSCH starting OFDM symbol, at the cost of slight but non-negligible performance loss under certain scenarios compared with that of PDSCH starting symbol is known (but still considerable gain compared with MMSE-IRC receiver).
In Rel-12, NAICS receivers only manage PDSCH interference cancellation, and to get feasible performance gain of NAICS receiver, NAICS UE should assume the most conservative PDSCH starting OFDM symbol for NAICS performance requirement.

· Proposal1: Conservative PDSCH starting OFDM symbol value should be assumed for NAICS performance requirement.
2.2 PDCCH Modeling

In RAN4#72bis, RAN4 agreed that perfect PDCCH decoding under low and medium interference level is assumed, and for high interference level, it needs to ensure the PDCCH impact to PDSCH is minimized. 

To verify NAICS receiver robustness, low or medium interference level can be used, so perfect PDCCH decoding can be assumed. However, for requirement of NAICS receiver gain, high interference level is feasible to discriminate between NAICS receiver and baseline MMSE-IRC receiver. Figure 2‑1 shows PDSCH throughput with PDCCH decoding impact. To minimize PDCCH impact to PDSCH, low loading of control channel of interference cell should be assumed. 
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Figure 2‑1 PDSCH throughput with PDCCH decoding impact

Alternatively, since Rel-12 NAICS receiver is only focus on PDSCH interference cancellation and PDCCH interference cancellation is out of scope, perfect PDCCH decoding should be assumed for simplified test case. 

· Proposal2: Perfect PDCCH decoding to verify NAICS receiver robustness should be assumed.
· Proposal3: For high interference power, low loading of control channel of interference cell should be assumed. Alternatively, perfect PDCCH decoding should be assumed for simplified test case.

2.3 PRB granularity

Resource allocation and precoding granularity can be signaled from network with {1,2,3,4} PRB pairs. RAN4 agreed that using larger PRB granularity for blind detection has a benefit in complexity and performance. However, since test cases are increased if all PRB pairs are considered to define performance requirement, the performance of one PRB pair based blind detection is reasonable for definition of minimum performance requirement.

· Proposal4: One PRB pair based blind detection should be considered for minimum performance requirement. 
2.4 Transmission mode and CRS pattern
NAICS receiver performance gains were observed in various TMs and CRS pattern scenarios [2~5]. It is difficult to define NAICS performance requirement for various scenarios, so based on the observation of NAICS performance, TMs and CRS patterns need to be narrowed dwon for typical case such as TM4 and TM9 representing CRS and DMRS based TM and TM2 used as fallback mode. To reduce test cases for verification of NAICS receiver gain, four test cases can be considered as follows:
· Test1: TM2-2-2 with colliding CRS in high INR
· Test2: TM4-4-4 with colliding CRS in high INR
· Test3: TM9-9-9 with non-colliding CRS in high INR
· Test4: TM4-9-9 with colliding CRS in high INR
, and to verify NAICS receiver robustness, one test case can be considered as follow:
· Test5: TM9-4-4 with non-colliding CRS in medium INR
· Proposal5: 
To reduce test cases for verification of NAICS receiver gain, four test cases can be considered as follows:
· Test1: TM2-2-2 with colliding CRS in high INR
· Test2: TM4-4-4 with colliding CRS in high INR
· Test3: TM9-9-9 with non-colliding CRS in high INR
· Test4: TM4-9-9 with colliding CRS in high INR
To verify NAICS receiver robustness, one test case can be considered as follow:

· Test5: TM9-4-4 with non-colliding CRS in medium INR
2.5 Interference modeling

To define performance requirement considering blind detection feasibility, randomized interference model should be considered. In NAICS SI, MCS and RI distribution was evaluated according to network scenario and RU [6]. Based on these distributions, MCS, RI, and RB can be randomly assigned by every subframe with specified probability as shown in Figure 2‑2. 
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Figure 2‑2 Example of interference modeling
The probabilities for modulation, RI, and RB assignment can be used by agreed MCS/RI distribution table in [6].

Table 2‑1 Modulation and RI distribution [6]
	 
	 
	Averaged Probability 

	Scenarios 1, Ru=40%
	64QAM rank 2
	12.4%

	
	16QAM rank 2
	11.8%

	
	QPSK rank 2
	8.0%

	
	64QAM rank 1
	19.5%

	
	16QAM rank 1
	26.5%

	
	QPSK rank 1
	21.8%

	 
	sum
	100.0%


Figure 2‑3 shows SLIC receiver performance with randomized interference modeling. The distribution of modulation and RI Table 2‑1 is used, and RBs are assigned by 40% of total RBs every subframe. Blind detection is operated with one PRB granularity.
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Figure 2‑3 SLIC performance with randomized interference model
· Proposal6: Randomized interference modeling should be applied to verify NAICS performance gain and blind detection feasibility.

2.6 Higher layer signaling 
Higher layer signaling such as PA, TM, and RB granularity for NAICS receiver were defined. For transmission mode subset from interference cell, TM1, TM2, TM3, TM4, TM6, TM8, TM9, and TM10 can be included. For TM10, RAN4 agreed that UE performance should be at least as good as IRC performance when TM10 is included in assistance singling. TM4/6 and TM8/9 can be represented by TM4 and TM9 from blind detection perspective, respectively. Therefore, TM subset {TM2, TM3, TM4, TM9} for higher layer signaling is reasonable. For feasible blind detection performance, PA subset {-6, -3, 0} can be considered. For PRB granularity, above mentioned in section2.3, PRB granularity value for higher layer signaling should be {1}.

If these higher layer signalings from network are incorrect, NAICS receiver may introduce performance loss due to false parameter detection. Therefore, NAICS performance requirement should be defined under correct higher layer signaling.

· Proposal7: NAICS performance requirement should be defined under correct higher layer signaling.

3 Verification of CRS-IC operation

In last RAN4 meeting, some possible agreements for verification of NAICS receiver with CRS-IC operation were agreed [1]. Figure 2‑3 shows SLIC receiver performance with and without CRS-IC operation. Simulation assumptions are as follows:

· 2CRS AP

· TM9-9-9 with non-colliding CRS

· 10MHz Full RB allocated

· MCS5-5-5

· RI 1-1-1

· Fixed interference model (PDSCH interference for interfering cells are always ON)

· CRS-IC for two interfering cells

SNR difference between w/ and w/o CRS-IC is about 0.86dB for medium INR and 4.17dB for high INR, respectively. For non-colliding CRS case, most performance gain is achieved by CRS-IC. Therefore, to guarantee the performance of NAICS receiver, CRS-IC should be included. Based on these, additional functional test for CRS-IC operation in NAICS receiver should be considered.
· Proposal8: Additional functional test for CRS-IC operation in NAICS receiver should be considered.
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Table 3‑1 NAICS receiver performance with and without CRS-IC operation

4 Conclusion 
In this contribution, we provide our views on test scenario to define performance requirement. 

For NAICS performance requirement, 

· Proposal1: Conservative PDSCH starting OFDM symbol value should be assumed for NAICS performance requirement.

· Proposal2: Perfect PDCCH decoding to verify NAICS receiver robustness should be assumed.

· Proposal3: For high interference power, low loading of control channel of interference cell should be assumed. Alternatively, perfect PDCCH decoding should be assumed for simplified test case.

· Proposal4: One PRB pair based blind detection should be considered for minimum performance requirement.

· Proposal5: 

To reduce test cases for verification of NAICS receiver gain, four test cases can be considered as follows:
· Test1: TM2-2-2 with colliding CRS in high INR

· Test2: TM4-4-4 with colliding CRS in high INR

· Test3: TM9-9-9 with non-colliding CRS in high INR

· Test4: TM4-9-9 with colliding CRS in high INR

To verify NAICS receiver robustness, one test case can be considered as follow:

· Test5: TM9-4-4 with non-colliding CRS in medium INR

· Proposal6: Randomized interference modeling should be applied to verify NAICS performance gain and blind detection feasibility.

· Proposal7: NAICS performance requirement should be defined under correct higher layer signaling.

· Proposal8: Additional functional test for CRS-IC operation in NAICS receiver should be considered.
5 Reference
[1] R4-146803, “Meeting minutes for NAICS ad hoc”, MediaTek.
[2] R4-147016, “Phase 1 simulation results for performance calibration”, Samsung

[3] R4-147084, “Evaluation for NAICS demodulation performance”, Huawei, HiSilicon

[4] R4-146515, “NAICS link-level performance analysis”, Intel

[5] R4-146945, “Discussion and simulation result for NAICS demodulation performance”, LG Electronics
[6] TR36.866 v12.0.1, “Study on Betwork-Assisted Interference Cancellation and Suppression for LTE”
_1484399864.vsd
QPSK, RI=1 


64QAM, RI=2


16QAM, RI=2


QPSK, RI=2 


16QAM, RI=1


16QAM, RI=2


QPSK, RI=2 


64QAM, RI=1


16QAM, RI=1


16QAM, RI=1


64QAM, RI=1


QPSK, RI=1 


16QAM, RI=2


16QAM, RI=1


QPSK, RI=2


. . . .


RB#0


RB#1


RB#2


RB#K


Subframe#1


Subframe#2


Subframe#N



