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1 Introduction

During RAN4#68 meeting, a WF [1] on link level modelling was agreed. In RAN4#68bis meeting, we submitted LLS results in [3] and [4]. After last meeting, we re-ran the simulation and updated the simulation results.
In this paper we provide updated link level simulation results for CRS-IM.
2 Results
Following tables listed simulation results for Option 2(RU=10%, 20%, 30%, 40%, 50%) under the 5%-tile SINR. Simulation assumptions are listed in annex and are in line with assumptions in [2].
· RU = 10%
	Set
	RU=10%

	
	D1/Noc
	D2/Noc
	S/Noc
	No CRS-IM
	2-cell CRS IM
	gain

	1
	2.482849
	-0.0312
	3.955109
	5190296.5
	5526324.209
	6.47%

	5
	8.869275
	4.644348
	8.157994
	7032514.9
	8289248.783
	17.87%

	10
	11.74644
	5.692049
	10.18381
	7259381.4
	9033201.642
	24.43%

	15
	14.7127
	10.0816
	13.28238
	7331420.3
	9732155.109
	32.75%

	20
	31.56395
	30.1844
	30.58473
	5799450.4
	10268784.06
	77.06%


· RU = 20%
	Set
	RU=20%

	
	D1/Noc
	D2/Noc
	S/Noc
	No CRS-IM
	2-cell CRS IM
	gain

	1
	1.688323796
	-0.742163258
	3.245690542
	4106392
	4416132.91
	7.54%

	5
	7.711273813
	3.623638865
	7.026626802
	6268971.7
	7304390.21
	16.52%

	10
	10.44676392
	4.570080028
	8.920975274
	6624702.9
	8021515.82
	21.08%

	15
	13.36139544
	9.207155125
	12.02681304
	6753363.4
	8780444.04
	30.02%

	20
	30.33475367
	28.92528099
	29.35107616
	5562651.5
	9458340.94
	70.03%


· RU= 30%
	Set
	RU=30%

	
	D1/Noc
	D2/Noc
	S/Noc
	No CRS-IM
	2-cell CRS IM
	gain

	1
	1.340470589
	-0.736207573
	3.066401038
	3979160.6
	4269206.5
	7.29%

	5
	6.898604935
	3.00396591
	6.321041303
	5750779.5
	6533531.9
	13.61%

	10
	9.693092657
	3.685917158
	8.18288492
	6162180.4
	7254949.8
	17.73%

	15
	12.76358809
	7.823391214
	11.21864705
	6386701
	8066696.5
	26.30%

	20
	29.04899537
	27.70898252
	28.1051841
	5193812.3
	8683838.2
	67.20%


· RU = 40%
	Set
	RU=40%

	
	D1/Noc
	D2/Noc
	S/Noc
	No CRS-IM
	2-cell CRS IM
	gain

	1
	0.4618332
	-1.673865005
	2.133636694
	2713535.888
	2990915.45
	10.22%

	5
	6.133650739
	1.913434052
	5.421229693
	5146847.932
	5737482.06
	11.48%

	10
	8.787895934
	2.744117654
	7.222942027
	5538729.015
	6569479.01
	18.61%

	15
	11.68907536
	7.118383546
	10.25283083
	5931392.032
	7342424.27
	23.79%

	20
	28.79057077
	27.39967067
	27.81409309
	4808684.307
	7879835.46
	63.87%


· RU= 50%
	Set
	RU=50%

	
	D1/Noc
	D2/Noc
	S/Noc
	No CRS-IM
	2-cell CRS IM
	gain

	1
	0.19376707
	-1.626173162
	1.905836182
	2786321.776
	2868968.4
	2.97%

	5
	5.712774627
	1.222398828
	4.93993504
	4494656.934
	5105613.4
	13.59%

	10
	8.360306023
	1.663435616
	6.692370224
	5105348.236
	5916827.6
	15.89%

	15
	11.39361115
	5.931014757
	9.760933765
	5537233.273
	6640778.9
	19.93%

	20
	28.81025917
	27.41629458
	27.82856149
	4464100.365
	7096760.3
	58.97%
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4 ANNEX.  Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	 Option A (baseline): TM2

	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

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

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

	
	INR1=
	INR2=
	(X)

	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)

	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

	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-priority knowledge of the channel state information

	Time/frequency tracking at the UE
	practical tracking

	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

	
	Code rate
	(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)

	
	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; 
Option 2: ON/OFF pattern depends on the Possion 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 and 2nd strongest interfering cells


