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1
Introduction

During RAN4#68, further agreements were reached in [1] for the study item on CRS-IC for homogenous deployments:
· Side conditions in terms of signal and interference levels for link level evaluations;

· On/off full band interference pattern following a Poisson process for packet arrival over time;

Additionally, a set of text proposals ([4]

 REF _Ref367883489 \r \h 
[5]

 REF _Ref367883493 \r \h 
[6]

 REF _Ref367883494 \r \h 
[7]) for the technical report [3] were approved. 
In this contribution, we provide the requested simulation results, analysis and discussion according to the above agreements and latest simulation assumptions [4]. 
2
Link level performance evaluation
In this section we provide our link level performance evaluation of CRS-IC in homogeneous network deployments, assuming Transmission Mode 2. Simulation assumptions are according to the agreements in [4] and are appended in Annex A, where the considered options have been highlighted. 
The results presented throughout this section assume the agreed side conditions for signal and interference levels from [1]. A subset of five characteristic signal and interference profiles (indices {1, 5, 10, 15, 20}) were simulated, as agreed during RAN4#68. Both inner- and outer-loop link-adaptation are enabled. Finally, the performance was evaluated for three reference receivers:

· Without CRS-IC;

· With CRS-IC for the 1st strongest interfering cell;

· With CRS-IC for the 1st and 2nd strongest interfering cells.
Simulation results are appended in Annex B, for each considered interference resource utilization (RU) factor ({10%, 20%, 30%, 40%, 50%}). In the figures, we have indicated by horizontal bars the relative gain of CRS-IC vs. no CRS-IC averaged over the considered subset of signal and interference profiles. The provided performance evaluation is summarized as follows:
· Table 1 provides absolute throughput numbers for all three considered reference receivers as well as the associated relative gains of 1- and 2-cell CRS-IC vs. no CRS-IC;
· Figure 1 depicts the throughput gain of CRS-IC averaged over interference profiles as a function of the interference resource utilization factor.

Provided results are inline with preliminary company results [2] submitted to previous RAN4 meeting. Overall, our link level performance evaluation confirms the significant gain potential of CRS-IC for cell-edge UEs (corresponding to 5%-tile Es/IoT statistics) for low to medium interference RU (10%-50%). It is further observed that 2-cell CRS-IC offers a significant performance advantage over 1-cell CRS-IC at low interference RU (10-20%) or high serving cell signal-to-noise ratios (>15dB).
Table 1: Summary of link level performance evaluation of CRS-IC in homogeneous network deployments
	Interference RU [%]
	Interference profile  index
	System level side conditions
	Absolute throughput [bits/s]
	Gain of 2-cell CRS-IC vs. no CRS-IC [%]
	Average gain over interference profiles  [%]

	
	
	D1/Noc [dB]
	D2/Noc [dB]
	Es/Noc [dB]
	No CRS-IC
	1-cell CRS-IC
	2-cell CRS-IC
	
	

	10
	1
	2.5
	0.0
	4.0
	7977262.47
	  8345982.78
	 8556634.22
	7.26
	47.46

	
	5
	8.9
	4.6
	8.2
	9589972.43
	11802839.35
	12612881.18
	31.52
	

	
	10
	11.7
	5.7
	10.2
	9864003.18
	13383995.25
	14197176.28
	43.93
	

	
	15
	14.7
	10.1
	13.3
	10100301.13
	13700305.07
	15489844.78
	 53.36
	

	
	20
	31.6
	30.2
	30.6
	8683801.70
	11857777.07
	17475669.57
	 101.24
	

	20
	1
	1.7
	-0.7
	3.2
	 7101008.38
	 7380034.33
	 7432968.90
	4.67
	41.17

	
	5
	7.7
	3.6
	7.0
	8223672.11
	9815309.43
	10314550.73
	25.43
	

	
	10
	10.4
	4.6
	8.9
	8766848.05
	11098927.53
	11759382.05
	34.13
	

	
	15
	13.4
	9.2
	12.0
	8528041.10
	11633401.30
	12935536.35
	51.68
	

	
	20
	30.3
	28.9
	29.4
	7306422.05
	10096912.07
	13878503.85
	89.95
	

	30
	1
	1.3
	-0.7
	3.1
	6704186.45
	7010969.90
	7108237.90
	6.03
	36.41

	
	5
	6.9
	3.0
	6.3
	7610215.22
	8468786.75
	8772262.55
	15.27
	

	
	10
	9.7
	3.7
	8.2
	7733108.97
	9891927.45
	10244520.00
	32.48
	

	
	15
	12.8
	7.8
	11.2
	7958588.25
	10695130.63
	11275903.65
	41.68
	

	
	20
	29.0
	27.7
	28.1
	6467640.42
	9115126.72
	12069482.82
	86.61
	

	40
	1
	0.5
	-1.7
	2.1
	5796932.28
	6020245.75
	6066459.85
	4.65
	29.77

	
	5
	6.1
	1.9
	5.4
	6696661.38
	7353077.42
	7609429.28
	13.63
	

	
	10
	8.8
	2.7
	7.2
	7070396.78
	8283895.55
	8490755.13
	20.09
	

	
	15
	11.7
	7.1
	10.3
	7469501.95
	9194360.35
	9828148.82
	31.58
	

	
	20
	28.8
	27.4
	27.8
	6105781.53
	8498732.90
	10922649.63
	78.89
	

	50
	1
	0.2
	-1.6
	1.9
	5486648.65
	5538243.03
	5568648.45
	1.49
	24.22

	
	5
	5.7
	1.2
	4.9
	6098729.75
	6633662.53
	6843657.00
	12.21
	

	
	10
	8.4
	1.7
	6.7
	6482530.35
	7454636.10
	7654198.38
	18.07
	

	
	15
	11.4
	5.9
	9.8
	6967841.25
	8355562.67
	8781832.22
	26.03
	

	
	20
	28.8
	27.4
	27.8
	5822405.45
	7747842.38
	9507925.15
	63.30
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Figure 1: Throughput gain of CRS-IC averaged over interference profiles vs. interference RU factor

3
Conclusions

In this contribution, we provided the requested link level performance analysis of CRC-IC for homogeneous network deployments in accordance with the agreed methodology and simulation assumptions.

Overall, our link level performance evaluation confirms the significant gain potential of CRS-IC for cell-edge UEs (corresponding to 5%-tile Es/IoT statistics) for low to medium interference RU (10%-50%). It is further observed that 2-cell CRS-IC offers a significant performance advantage over 1-cell CRS-IC at low interference RU (10-20%) or high serving cell signal-to-noise ratios (>15dB).
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Annex A – Simulation assumptions
Table 2: Link level simulation assumptions for CRS-IC investigations in homogeneous deployments agreed during RAN4#68 (cf. reference [4]). Considered options for simulation have been highlighted in green. 
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	Option A (baseline): TM2
Option B (interested companies): TM4

	Transmission mode in interfering cells
	Use TM3 for TM2 serving, and use TM4 for TM4 serving

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of explicitly modeled interfering cells
	Option A (baseline): 2 interfering cells
Option B (interested companies): 3 or more interfering cells are investigated in order to check whether 2 cells model sufficiently well non-full-buffer interference

	Signal level for serving cell CRS (Es/Noc)
	Range of Es/Noc: TBD

	Signal level for interfering cells CRS (interference over Noc)
	1st  interfering cell
	2nd interfering cell
	3rd, 4th etc interferers (option B)

	
	INR1=TBD
	INR2=TBD
	INR3, INR4 = TBD

	Other cells interference
	AWGN with 1 Noc level

	Network synchronization in time
	All cells are synchronous

	
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell
	3rd, 4th interfering cells (option B)

	
	[3 us]
	[-1 us]
	FFS

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell
	3rd, 4th interfering cells (option B)

	
	300 Hz
	-100 Hz
	FFS

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between explicitly modeled serving and the first two interfering cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-3 dB in all modeled cells

	
	B
	-3 dB in all modeled cells (PB=1)

	
	
	0 dB in all modeled cells

	CSI reference signals
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A

	CSI reference signal configuration
	N/A

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	PUCCH 1-0 for TM2 and PUCCH 1-1 for TM4

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds
	8 milliseconds

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Time/frequency tracking at the UE
	Practical algorithms should be used

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH 
PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	Rank-1

	
	PMI
	TM2: N/A
	TM4: Follow wideband PMI

	
	Modulation
	Option 1 (baseline): Inner- and outer-link adaptation targeting 10% BLER for the 1st transmission

Option 2 (interested companies): Fixed MCS (MCS set TBD) 

(Note : The baseline assumption does not preclude the use of fixed MCS for any future performance requirement which may be developed for homogeneous CRS-IM)

	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells; 

ON/OFF pattern depends on the Poisson distribution

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	PMI
	TM3: N/A
	TM4: Random PMI per allocated subband

	
	Modulation
	Randomly modulated 16QAM symbols over allocated interfering resources

	
	Code rate
	-

	
	Channel coding, rate matching
	-

	
	CRC
	

	Non-full buffer interference
	Model
	Interfering PDSCH transmissions in interfering cells are randomly & independently active over the full band with an activity in time domain equal on average to the targeted resource utilization

	
	Average resource utilization
	{0%, 10%, 20%, 30%, 40%, 50%}

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. serving cell Es/Noc

	UE receiver
	Detector
	MMSE-IRC with CRS based interference covariance estimation as defined in TR36.829

	
	CRS-IM
	Without CRS-IM

	
	
	With CRS-IM for the 1st strongest interfering cell

	
	
	With CRS-IM for the 1st and 2nd strongest interfering cells


Annex B – TM2 simulation results with link adaptation
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Figure 2: RU=10% - Absolute throughput
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Figure 3: RU=10% - Relative throughput gain
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Figure 4: RU=20% - Absolute throughput
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Figure 5: RU=20% - Relative throughput gain
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Figure 6: RU=30% - Absolute throughput
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Figure 7: RU=30% - Relative throughput gain
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Figure 8: RU=40% - Absolute throughput
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Figure 9: RU=40% - Relative throughput gain
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Figure 10: RU=50% - Absolute throughput
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Figure 11: RU=50% - Relative throughput gain


