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1. Introduction

In the previous RAN4 meeting it was decided that a test case for the verification of NAICS receiver with CRS-IC functionality in the non-colliding CRS scenario needs to be introduced [1]:
· Verification of NAICS receiver with CRS-IC in non-colliding scenario:

· 2CRS AP

· For DRMS based transmission modes in both serving and interfering cells

· including PDSCH-IC

· non colliding dominant interferer

· PDSCH interference model for the interfering cells are always ON

· Recommend we come into the next meeting with results with and without CRS-IC for comparison purposes.

In this paper we provide our views on the test setup for the verification the NAICS receivers with CRS-IC and provide selected simulation results.
2. Discussion
2.1 Test purposes
The RAN4 has reached an agreement to verify NAICS receivers performance for the scenarios with DRMS based TMs in both serving and interfering cells. The agreements mainly focus on the non-colliding CRS-IC functionality and additional clarifications on the test purposes details are needed. In particular, it is important to verify that UE applies both PDSCH-IS/IC and CRS-IC features simultaneously. So, the test purpose for this test case should include verification of the following functionality under assumption of the presence of the dominant PDSCH interferer:

· Blind detection of the TM9 PDSCH interference parameters (presence, RI, DMRS APs, nSCID, modulation)

· DMRS-IC based channel estimation 

· Interferer time/frequency offset handling for DMRS-based interference TMs;

· Non-colliding CRS-IC.

In addition to the agreed test purpose, we would like to note that NAICS receiver can also benefit from using the CRS-IC functionality in the absence of the dominant interferer PDSCH transmissions. Assuming non-full buffer traffic conditions and partial RU, the situations when the first dominant interferer does not have PDSCH are not rare and the NAICS receivers should be able to apply CRS-IC in those conditions. Therefore, we think that RAN4 test should also enable verification of NAICS receivers non-colliding CRS-IC functionality in scenarios when the first dominant interferer does not have PDSCH transmissions (OFF/ON or OFF/OFF interference patterns) and the corresponding test case needs to be introduced. In addition, such test case may help to check that the UE has correct DMRS-based PDSCH presence detection implementation and does not suffer from high false alarm rate. The particular test purposes should include verification of the following functionality under assumption of the absence of the dominant PDSCH interferer:
· Minimal TM9 PDSCH interference detection false alarm
· Non-colliding CRS-IC.

Proposal #1: Introduce two test cases with the following test purposes:

· Test #1: Verification that UE is capable to apply PDSCH-IS/IC and CRS-IC for the cases when the first dominant interferer has PDSCH transmissions.
· Test #2: Verification that UE is capable to apply CRS-IC for the cases when the first dominant interferer does not have PDSCH transmissions.
2.2 Test case #1: Joint PDSCH-IS/IC and CRS-IC verification
For the joint PDSCH-IS/IC and CRS-IC functionality verification ON/ON or ON/OFF interference patterns can be considered. Depending on the exact pattern the PDSCH-IS/IC and CRS-IC efficiency may vary. Below we provide simulation results to compare the NAICS receivers performance in those scenarios. In particular, we analyse LMMSE-IRC and NAICS receivers performance for the case of no CRS-IC and single cell non-colliding CRS-IC. The detailed simulation assumptions are provided in the Annex. The results summary is provided in Table 1. In Figures 1 and 2 we illustrate selected link level simulation results for the case of high interference power profile and QPSK serving cell transmission and QPSK or 16QAM interference cells transmissions.
Table 1. Test case #1 performance summary
	Interference power profile
	Serving cell MCS
	Interference cell MCS
	NAICS SNR gain vs. LMMSE-IRC 
@ 70% of Max Throughput, [dB]
	1 cell CRS-IC SNR gain, [dB]

	
	
	
	ON/ON
	ON/OFF
	ON/ON
	ON/OFF

	
	
	
	No CRS-IC
	1 cell CRS-IC
	No CRS-IC
	1 cell CRS-IC
	
	

	Medium INR
	MCS5
	MCS5
	0.9
	1.7
	1.2
	2.1
	0.8
	0.9

	
	
	MCS14
	0.0
	0.4
	0.1
	0.6
	0.4
	0.6

	
	MCS14
	MCS5
	0.2
	0.6
	0.6
	1.3
	0.4
	0.7

	
	
	MCS14
	-0.1
	0.1
	0.1
	0.7
	0.2
	0.6

	High INR
	MCS5
	MCS5
	2.4
	4.6
	3.1
	5.6
	2.1
	2.5

	
	
	MCS14
	0.5
	2.2
	1.7
	4.1
	1.7
	2.4

	
	MCS14
	MCS5
	1.0
	2.3
	0.9
	2.8
	1.3
	1.9

	
	
	MCS14
	0.1
	1.2
	0.5
	1.9
	1.1
	1.4
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	Figure 1. PDSCH throughput, ON/ON scenario, High INR, Serv. cell: MCS #5; Interf. cells: MCS #5
	Figure 2. PDSCH throughput, ON/OFF scenario, High INR, Serv. cell: MCS #5; Interf. cells: MCS #5


Observations:

· NAICS receivers with PDSCH-IS/IC only functionality allow achieving noticeable performance gains over LMMSE-IRC receivers in the considered scenarios (up to 3.1 dB).

· NAICS receivers with single cell CRS-IC allow achieving 0.3-2.5 dB improvement over no CRS-IC case.

· CRS-IC functionality provides larger performance gains for the ON/OFF interference scenario. However, the relative gains for the high interference conditions are rather small.
· Both PDSCH-IS/IC and CRS-IC performance gains are larger for the high interference conditions.
· The largest PDSCH-IS/IC and CRS-IC gains are observed for the case of the QPSK interference cell transmissions.
The result of the analysis prove that the considered test case allows verification both PDSCH-IS/IC and CRS-IC functionality and also ensure good discrimination between the cases when UE has and does not have CRS-IC. To achieve the large margin between correct and wrong UE implementations we propose to use High INR conditions and QPSK based interference transmissions.
Proposal #2: Use the following Test #1 parameters to verify that UE is capable to apply PDSCH-IS/IC and CRS-IC in the presence of the dominant interferer PDSCH transmission

· ON/ON or ON/OFF interference pattern

· High INR

· Serving cell MCS 5 or 14

· Interference cell MCS 5

2.3 Test case #2: CRS-IC only verification
For the CRS-IC functionality verification in the absence of the dominant interferer PDSCH transmissions the scenarios with either OFF/ON or OFF/OFF interference patterns can be considered. Below, we provide simulation results to compare the NAICS receivers performance for both cases. In particular, we compare NAICS receivers performance for the case of no CRS-IC and single cell CRS-IC. The results summary is provided in Table 2. In Figures 3 and 4 we illustrate selected link level simulation results.
Table 2. Test case #2 performance summary
	Interference power profile
	Serving cell MCS
	Interference cell MCS
	CRS-IC SNR gain @ 70% of Max Throughput, [dB]

	
	
	
	OFF/ON
	OFF/OFF

	
	
	
	
	

	Medium INR
	MCS5
	MCS5
	1.0
	1.0

	
	MCS14
	MCS5
	1.3
	1.3

	High INR
	MCS5
	MCS5
	3.7
	4.3

	
	MCS14
	MCS5
	3.3
	3.6
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	Figure 3. PDSCH throughput, OFF/ON scenario, 
High INR, Serv. cell: MCS #5
	Figure 4. PDSCH throughput, OFF/OFF scenario, 
High INR, Serv. cell: MCS #5


Observations:

· CRS-IC shows noticeable performance gains for the both OFF/OFF and OFF/ON interference scenarios with slightly better improvement achieved for the OFF/OFF interference conditions.
Based on these results we think that CRS-IC functionality in the absence of the dominant interferer PDSCH transmission can provide promising performance improvement and hence corresponding test case needs to be introduced. The OFF/OFF interference pattern can be considered to completely separate CRS-IC and PDSCH-IS/IC functionality.
Proposal #3: Use the following Test #2 parameters to verify that UE is capable to apply CRS-IC in the absence of the dominant interferer PDSCH transmission

· OFF/OFF interference pattern
· High INR

· Serving cell MCS 5 or 14

2.4 Number of cells for non-colliding CRS-IC

One of the important questions which needs to be decided for the discussed test cases is the number of cells to be handled using CRS-IC. Below, we provide simulation results to compare the NAICS receivers performance under assumption of using 1 and 2 cells non-colliding CRS-IC for the Test case 1 with the ON/ON interference pattern. The results are summarized in Table 3 and show that the performance gains from using 2 cell CRS-IC on top of 1 cell CRS-IC are marginal for the majority of scenarios. In Figures 5 and 6 we illustrate selected link level simulation results.
Table 3. Test case #1 performance summary – 1 cell vs 2 cell CRS-IC
	Interference power profile
	Serving MCS
	Interference MCS
	NAICS SNR gain vs. LMMSE-IRC @ 70% Max Throughput, [dB]
	2 cell CRS-IC SNR gain vs. 1 cell CRS-IC, [dB]

	
	
	
	1 CRS-IC
	2 CRS-IC
	

	Medium
	MCS5
	MCS5
	1.7
	2.1
	0.4

	
	
	MCS14
	0.4
	0.6
	0.2

	
	MCS14
	MCS5
	0.6
	0.7
	0.1

	
	
	MCS14
	0.1
	0.2
	0.1

	High
	MCS5
	MCS5
	4.5
	4.8
	0.3

	
	
	MCS14
	2.2
	2.4
	0.2

	
	MCS14
	MCS5
	2.3
	2.4
	0.1

	
	
	MCS14
	1.2
	1.3
	0.1
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	Figure 5. PDSCH throughput, ON/ON scenario, High INR, Serv. cell: MCS #5; Interf. cells: MCS #5
	Figure 6. PDSCH throughput, ON/ON scenario, High INR, Serv. cell: MCS #5; Interf. cells: MCS #14


Observations:

· For the typical NAICS scenarios the performance gains from using 2 cell CRS-IC on top of 1 cell CRS-IC are marginal for the ON/ON interference scenario.

Based on the previous agreements the NAICS PDSCH-IS/IC complexity is limited by a single cell. Assuming overall high complexity of the NAICS receiver and given small performance gains of 2 cell CRS-IC we think that there is no strong motivation to mandate 2 cell CRS-IC implementation. Hence, the minimum performance requirements can be defined under an assumption of using a single cell CRS-IC.
Proposal #4: The minimum performance requirements are defined under an assumption of using a single cell CRS-IC.
2.5 Number of CRS APs 

In accordance to the baseline NAICS assumptions both serving and interference cells are equipped with 2 Tx antennas and have 2 CRS APs. At the same time, the NAICS receivers can also be applied in the scenarios with 4 Tx antennas in case of using DMRS-based TMs. For these scenarios it is generally possible to configure 4 CRS APs, however, large CRS and DMRS overhead makes this solution not very attractive from the practical point of view. The situations when the eNodeB with 4 Tx antennas and using DMRS-based TMs will be configured with 2 CRS AP are more likely to happen. So, we think that using CRS-IC for 4 CRS APs case is not the first priority scenario and can be discussed at a later stage, after test cases for 2 CRS APs scenarios are defined.
Proposal #5: Focus on 2 CRS APs scenario. Further discuss whether requirements for 4 CRS APs are needed.
2.6 Test cases summary

Based on the results of the analysis we propose to introduce two test cases:

Test case #1. Joint PDSCH-IS/IC and CRS-IC verification
Test purposes include verification of the correct implementation of the following functionality:

· Blind detection of the TM9 PDSCH interference parameters (presence, RI, DMRS APs, nSCID, modulation)

· DMRS-IC based channel estimation 

· Interferer time/frequency offset handling for DMRS-based interference TMs;

· Non-colliding CRS-IC.

The key test parameters are as follows:

· TM9/9/9 scenario with Non-Colliding CRS (0/2/6)

· Modulation: QPSK/QPSK/64QAM
· RI: 1/1/2

· Interference profile: [ON/ON or ON/OFF], High INR
· Antenna configuration: [2x2] low correlation

· 2 CRS APs is the serving and interference cells

· Channel model: [EPA 5]
Test case #2 CRS-IC verification
Test purposes include verification of the correct implementation of the following functionality:

· Minimal TM9 PDSCH interference detection false alarm
· Non-colliding CRS-IC.

The key test parameters are as follows:

· TM9/9/9 scenario with Non-Colliding CRS pattern (0/2/6)

· Serving cell modulation: QPSK

· Serving cell RI: 1/NA/NA

· Interference profile: OFF/OFF, High INR
· Antenna configuration: 2x2 low correlation

· 2 CRS APs is the serving and interference cells

· Channel model: EPA 5
3. Conclusions
In this contribution, we have shared our views on the test setup for the verification the NAICS receivers with CRS-IC and also provided selected simulation results. In summary we make the following proposals:

Proposal #1: Introduce two test cases with the following test purposes:

· Test #1: Verification that UE is capable to apply PDSCH-IS/IC and CRS-IC for the cases when the first dominant interferer has PDSCH transmissions.
· Test #2: Verification that UE is capable to apply CRS-IC for the cases when the first dominant interferer does not have PDSCH transmissions.
Proposal #2: Use the following Test #1 parameters to verify that UE is capable to apply PDSCH-IS/IC and CRS-IC in the presence of the dominant interferer PDSCH transmission

· ON/ON or ON/OFF interference pattern

· High INR

· Serving cell MCS 5 or 14

· Interference cell MCS 5

Proposal #3: Use the following Test #2 parameters to verify that UE is capable to apply CRS-IC in the absence of the dominant interferer PDSCH transmission

· OFF/OFF interference pattern
· High INR

· Serving cell MCS 5 or 14

Proposal #4: The minimum performance requirements are defined under an assumption of using a single cell CRS-IC.
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Annex – Simulation assumptions
Table 4. Simulation assumptions

	Parameter
	Value

	TX parameters

	Channel
	EPA-5Hz

	System bandwidth
	3 MHz (15 PRB pairs)

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 - 2

	Antenna configuration
	2x2, low correlation

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Interference pattern: ON/ON, ON/OFF, OFF/ON, OFF/OFF

	Useful signal transmission parameters
	15 PRB resource allocation

Wideband random PMI per TTI
PDSCH not scheduled on subframes 0/5
MCS 5/14, RI = 1

	Interference signal transmission parameters
	15 PRB resource allocation

Wideband random PMI per TTI
MCS 5/14, RI = 1

	Time/Frequency offset
	Interferer cell #1 – 2ms, 200Hz; Interferer cell #2 – 0ms, 0Hz

	Tx EVM
	6%

	CSI-RS 
	Interference cells CSI-RS do not collide with 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

Blind R-ML

	PDSCH CRS-IC
	No CRS-IC
1 interference cell
2 interference cells

	NAICS parameters

	Dominant interferer selection
	CRS RSRP based for both PDSCH and CRS-IC

	Blind detection
	Detection of interferer DMRS (presence, rank, nSCID) and MF

	PDSCH IS/IC 
	1 interference cell with up to 3 layer (serving + interference)


PAGE  
7/7

