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1 Introduction

In RAN4#74, general framework and simulation assumption for CRS-IM demodulation test were discussed and the way forward [1] on CRS-IM demodulation and CSI for non-TM10 was agreed. In this contribution, we provide our view and initial link level simulation results for performance requirement for CRS-IM. 
2 Discussion
In TR [2] for study item phase, baseline receiver was defined to reuse Release-11 FeICIC receiver, and link performances were observed with following assumptions: 

· Single FFT
· Mitigates CRS interference of up to 2 cells
· Two dominant interfering cells with non-colliding CRS
· CRS based transmission mode
· Homogeneous network 
· No restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks
· The CRS assistance information, as specified for Release 11, is available for the UE
· PDSCH performance 

2.1 Non-colliding CRS 

From above SI simulation assumptions and WF [1], we evaluate initial link level performance as show in Figure 1~Figure 4 in Annex, and simulation assumptions are in Table 4. Table 1~Table 3 show SNR gain at 70%-tile throughput for CRS-IM receiver based on MMSE-IRC receiver. Based on simulation results, our observations are as follows:

· Observation 1: High SNR gain can be achieved under the low resource utilization of interference cells in comparison with high resource utilization of interference cells. 
· Observation 2: Noticeable SNR gains are observed by high interference level.
· Observation 3: Considering operating SNR point according to interference level, both MCS 5 and MCS 8 for serving cell can achieve reasonable throughput performance, but throughput performance of high MCS for serving cell is below 70%-tile max throughput.

Table 1 SNR gain ([dB]) at 70%-tile throughput of CRS-IM based on MMSE-IRC under TM2
	TM(S/I1/I2)
	RU
	Serving MCS
	Interference set

	
	
	
	1
	10
	16

	2 / 3 / 3
	20
	5
	0.63
	1.82
	2.97

	
	
	8
	0.57
	2.05
	3.03

	
	
	14
	0.70
	2.63
	2.68

	
	
	20
	0.38
	2.07
	3.07

	
	50
	5
	0.19
	1.31
	1.61

	
	
	8
	0.32
	1.54
	2.91

	
	
	14
	0.34
	1.44
	2.50

	
	
	20
	0.10
	1.04
	2.01


Table 2 SNR gain ([dB]) at 70%-tile throughput of CRS-IM based on MMSE-IRC under TM4
	TM(S/I1/I2)
	RU
	Serving MCS
	Interference set

	
	
	
	1
	10
	16

	4 / 4 / 4
	20
	5
	0.41
	1.98
	3.21

	
	
	8
	0.64
	2.25
	3.81

	
	
	14
	0.47
	2.59
	2.79

	
	
	20
	0.41
	2.02
	3.07

	
	50
	5
	0.16
	1.03
	1.80

	
	
	8
	0.29
	1.39
	2.46

	
	
	14
	0.17
	1.31
	2.35

	
	
	20
	0.11
	1.93
	1.62


Table 3 SNR gain ([dB]) at 70%-tile throughput of CRS-IM based on MMSE-IRC under TM9
	TM(S/I1/I2)
	RU
	Serving MCS
	Interference set

	
	
	
	1
	10
	16

	9 / 9 / 9
	20
	5
	0.55
	2.16
	4.59

	
	
	8
	0.68
	3.54
	5.52

	
	
	14
	0.63
	2.87
	4.81

	
	
	20
	0.33
	2.25
	3.76

	
	50
	5
	0.21
	1.16
	1.19

	
	
	8
	0.36
	1.37
	4.33

	
	
	14
	0.18
	1.71
	3.08

	
	
	20
	0.17
	0.86
	1.62


Based on simulation results and observations, starting point of test setup for CRS-IM performance requirement could be summarized by Table 4.

Table 4 Test setup for non-colliding CRS for CRS-IM performance requirement
	Number of CRS-IC
	Two CRS-IC

	Transmission mode
(serving, interfering1, interfering2)
	TM2/3/3, TM4/4/4, TM9/9/9

	Time/ frequency offset
	3usec,300Hz for first interfering cell, 
-1usec,-100Hz for second interfering cell

	Resource utilization
	20% resource utilization

	Interference set
	high interference

	Interference modeling
	ON/OFF pattern depends on the Poisson distribution

	Serving cell MCS
	MCS5 or MCS8

	Antenna configuration
	2x2


Therefore, for non-colliding CRS, we propose

· Proposal 1: Non-colliding CRS for CRS-IM performance requirement with high priority should be considered with Table 4.

2.2 Colliding CRS
In WID [3], colliding CRS case was included for requirement scenarios. However, this WID is only focus for homogeneous network. In general homogeneous network, dominant interferences come from non-colliding CRS cells if cell planning is well defined. If there is dominant interference with colliding CRS, performance gain of CRS-IM under low traffic load of interference cells might be that under higher than high traffic load of interference cells since it is difficult to achieve high performance gain by inaccurate noise covariance estimation under high traffic load of interference cells. The performance requirement with low traffic load could be covered by Rel-11 FeICIC requirement. So, colliding CRS case should be reconsidered to define performance requirement for CRS-IM in homogeneous network. 
· Proposal 2: Colliding CRS case should be reconsidered to define performance requirement for CRS-IM in homogeneous network.

3 Conclusion 
In this contribution, we provide our view and initial link level simulation results for performance requirement for CRS-IM. Based on simulation results and observations, we propose
· Proposal 1: Non-colliding CRS for CRS-IM performance requirement with high priority should be considered with Table 4.

· Proposal 2: Colliding CRS case should be reconsidered to define performance requirement for CRS-IM in homogeneous network.
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Figure 1 Throughput performance for TM2 and RU 20%
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Figure 2 Throughput performance for TM2 and RU 50%
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Figure 3 Throughput performance with TM4 and RU20%
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Figure 4 Throughput performance with TM4 and RU50%
Table 5 Link level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	TM2 / TM4 / TM9

	Transmission mode in interfering cells
	TM3 for TM2 serving
TM4 for TM4 serving
TM9 for TM9 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
	2 interfering cells

	Signal level for interfering cells CRS (interference over Noc)
	1st interfering cell
	2nd interfering cell

	
	INR1(Table 7.3-1 [2])
	INR2(Table 7.3-1 [2])

	Network synchronization in time
	1st interfering cell
	2nd interfering cell

	
	3 us
	-1 us

	Network synchronization in frequency
	1st interfering cell
	2nd interfering cell

	
	300 Hz
	-100 Hz

	CRS configuration
	non-colliding CRS for 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

	HARQ
	8 HARQ processes and max 4 transmissions

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	Rank-1

	
	PMI
	TM2: N/A
	TM4/9: random PMI

	
	Modulation
	MCS : 5 / 8 / 14 / 20

	0Interfering PDSCH parameterization
	Resource allocation
	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
	TM4/9: Random PMI 

	
	Modulation
	16QAM symbols over allocated interfering resources

	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

	
	resource utilization
	20%,  50%


