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1 Introduction

In RAN 4 68bis the WF in [1] was agreed. The scope was to have a common framework for capturing the simulation results for phase I. 

In this paper we provide simulation results for scenario 1 phase I. The same results are also captured in the attached xls sheet as requested by the WF. 

During previous email discussion it was agreed to provide link level simulations according to phase I as follows: 

PHASE I
· For phase-1 evaluation, use the following fixed ON/OFF pattern of the two explicitly modeled interferers (When On, the interferer is assumed to be fully loaded; When Off, the interferer is assumed to transmit CRS.)

· On/On
· On/Off
· Off/Off
· Detailed phase-1simulation parameters:
· SINR, I1/Noc(α), and I2/Noc(α): following the agreements in RAN 4 #68.
· Results for TM4 and TM9
· Wideband PMI for serving and interference cell 
· Fixed across entire frequency band

· Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell

· MCS/RI of serving and interference cell
· Fixed MCS/RI for phase-1
Table 1 provides the parameters used for the simulations
Table 1. Parameters
	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Es/Noc, I1/Noc, I2/Noc
	dB
	From simulations
	From simulations
	From simulations

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6/2
	1

	Number of control OFDM symbols
	
	2
	2
	2

	PDSCH TM and MCS
	
	Note 3
	Note 3
	Note 3

	Channel model

(for calibration purposes)
	
	EPA5
	EPA5
	EPA5


Note 1:
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Note 3:     Fixed MCS/RI across subframes and subbands for both serving and interference cell

· TM4 and TM9: according to the following combinations expressed as Rank (Serving/Interferer 1/Interferer 2) , MCS (Serving/Interferer 1/Interferer 2) 
· Combinations for ON-ON

· RI(1, 1, 1), MCS (5,5,5)

· RI(1, 1, 1), MCS (14,5,5)

· RI(1, 1, 1), MCS (5,14,14)

· RI(1, 1, 1), MCS (14,14,14)

· RI(1, 1, 1), MCS (5,25,25)

· RI(1, 1, 1), MCS (14,25,25)

· Combinations for ON-OFF

· RI(1, 1, NA), MCS (5,5,NA)

· RI(1, 1, NA), MCS (14,5,NA)

· RI(1, 1, NA), MCS (5,14,NA)

· RI(1, 1, NA), MCS (14,14,NA)

· RI(1, 1, NA), MCS (5,25,NA)

· RI(1, 1, NA), MCS (14,25,NA)

· RI(1, 2, NA), MCS (5,5*,NA)

· RI(1, 2, NA), MCS (5,14*,NA)

· RI(1, 2, NA), MCS (5,14*,NA)

· RI(1, 2, NA), MCS (14,14*,NA)

· *Same MCS for 2 layers.

Table 2 provides the agreed interferer levels.
Table 2. Agreed settings on  SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1 
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66

	40-60% geometries

	SINR_min
	3.89
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	8.06
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	2.26
	diff=
	I1/Noc(40%)@50%-tile
	6.24
	diff=
	I1/Noc(40%) @80%-tile
	12.95
	diff=

	Conditioned median I2/Noc
	0.15
	2.11
	Conditioned median I2/Noc
	1.54
	4.70
	Conditioned median I2/Noc
	3.47
	9.48

	I1/Noc(60%) @20%-tile 
	0.87
	diff=
	I1/Noc(60%) @50%-tile
	4.75
	diff=
	I1/Noc(60%) @80%-tile
	11.37
	diff=

	Conditioned median I2/Noc
	-1.23
	2.10
	Conditioned median I2/Noc
	-0.11
	4.86
	Conditioned median I2/Noc
	1.85
	9.52

	75-95% geometries 

	SINR_min
	12.01
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	19.26
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	1.42
	diff=
	I1/Noc(40%)@50%-tile
	6.73
	diff=
	I1/Noc(40%) @80%-tile
	17.49
	diff=

	Conditioned median I2/Noc
	0.69
	0.73
	Conditioned median I2/Noc
	5.09
	1.64
	Conditioned median I2/Noc
	16.19
	1.31

	I1/Noc(60%) @20%-tile 
	-0.02
	diff=
	I1/Noc(60%) @50%-tile
	5.18
	diff=
	I1/Noc(60%) @80%-tile
	16.00
	diff=

	Conditioned median I2/Noc
	-0.76
	0.74
	Conditioned median I2/Noc
	3.63
	1.54
	Conditioned median I2/Noc
	14.71
	1.28


The simulation results are provided according to the following.

· We consider TM4 and TM9. 

· SINR ranges in 5-25% of the geometry range and dominant interferer @ 20, 50 and 80%-tile.
Note that for high SINR range (75-95% of the geometry) the advanced receiver reference points, for the simulated MCS and coding schemes, are far outside the range of valid SINR, and the gains are not considered as meaningful and they are not reported here.
Tables 3-5 show the performance results. These results can be used for the purpose of alignment of the performance. In particular table 4 provides the results for TM4 but for non colliding CRS set up. In fact, the advanced receivers simulated under the assumption of TM4 colliding CRS show large gains wrt LMMSE-IRC. This is due to the particular CRS-based LMMSE-IRC which is highly penalized by this particular setting chosen and consequently the gains of any potential advanced receiver are boosted. Table 4 show the performance gain in more typical conditions, i.e. when LMMSE-IRC is not penalized.  
Table 3: Relative throughput gain of advanced receiver xx/MMSE-IRC for several conditions at 70% of the maximum throughput for TM4 colliding
	Min-Max SINR range, 5-25% geometries
	RI and Modulation (Serving, Interferer 1, Interferer 2)
	ON OFF pattern
	Conditions/test
	E-MMSE-IRC at 70% max tput
	SLIC at 70% of max throughput
	CWIC at 70% of max throughput

	-3.70 – 1.14
	(1,1, 1)

(5, 5, 5)


	ON ON


	I1/Noc(40%)@20%-tile,
	0.85 dB
	1.42 dB
	3.67 dB

	
	
	
	I1/Noc(40%)@50%-tile
	1.31 dB
	2.97 dB
	4.91 dB

	
	
	
	I1/Noc(40%) @80%-tile
	2.34 dB
	5.25 dB
	6.61 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	1.12 dB
	1.82 dB
	2.97 dB

	
	
	
	I1/Noc(40%)@50%-tile
	2.21 dB
	3.59 dB
	4.22 dB

	
	
	
	I1/Noc(40%) @80%-tile
	3.64 dB
	6.19 dB
	6.16 dB

	
	(1,1, 1)

(14, 5, 5)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.90 dB
	1.15 dB
	2.94 dB

	
	
	
	I1/Noc(40%)@50%-tile
	1.97 dB
	2.69 dB
	6.31 dB

	
	
	
	I1/Noc(40%) @80%-tile
	3.58 dB
	6.17 dB
	8.09 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	1.32 dB
	1.61 dB
	3.05 dB

	
	
	
	I1/Noc(40%)@50%-tile
	2.91 dB
	4.09 dB
	5.54 dB

	
	
	
	I1/Noc(40%) @80%-tile
	4.92 dB
	6.56 dB
	7.02 dB

	
	(1,1, 1)

(5, 25, 25)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.89 dB
	0.89 dB
	0.90 dB

	
	
	
	I1/Noc(40%)@50%-tile
	1.34 dB
	1.38 dB
	1.40 dB

	
	
	
	I1/Noc(40%) @80%-tile
	2.49 dB
	2.53 dB
	2.56 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	1.13 dB
	1.13 dB
	1.13 dB

	
	
	
	I1/Noc(40%)@50%-tile
	2.19 dB
	2.23 dB
	2.22 dB

	
	
	
	I1/Noc(40%) @80%-tile
	3.85 dB
	4.06 dB
	3.98 dB

	
	(1,2, NA)

(5, 5, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.49 dB
	0.66 dB
	1.74 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.70 dB
	1.64 dB
	3.61 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.47 dB
	3.64 dB
	5.89 dB

	
	(1, 2, NA)

(5, 14, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.49 dB
	0.54 dB
	0.50 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.72 dB
	0.83 dB
	0.81 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.46 dB
	0.77 dB
	2.50 dB

	
	(1, 2, NA)

(14, 14, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.53 dB
	0.52 dB
	0.57 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.42 dB
	0.45 dB
	0.55 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.36 dB
	0.47 dB
	1.27 dB


Table 4: Relative throughput gain of advanced receiver xx for several conditions at 70% of the maximum throughput for TM4 colliding compared to MMSE-IRC non-colliding
	Min-Max SINR range, 5-25% geometries
	RI and Modulation (Serving, Interferer 1, Interferer 2)
	ON OFF pattern
	Conditions/test
	E-MMSE-IRC at 70% max tput
	SLIC at 70% of max throughput
	CWIC at 70% of max throughput

	-3.70 – 1.14
	(1,1, 1)

(5, 5, 5)


	ON ON


	I1/Noc(40%)@20%-tile,
	0.07 dB
	0.64 dB
	2.89 dB

	
	
	
	I1/Noc(40%)@50%-tile
	-0.13 dB
	1.52 dB
	3.47 dB

	
	
	
	I1/Noc(40%) @80%-tile
	-0.60 dB
	2.31 dB
	3.67 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.54 dB
	1.25 dB
	2.40 dB

	
	
	
	I1/Noc(40%)@50%-tile
	1.30 dB
	2.68 dB
	3.31 dB

	
	
	
	I1/Noc(40%) @80%-tile
	2.52 dB
	5.06 dB
	5.04 dB

	
	(1,1, 1)

(14, 5, 5)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.10 dB
	0.34 dB
	2.13 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.33 dB
	1.05 dB
	4.68 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.67 dB
	3.26 dB
	5.17 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.31 dB
	0.60 dB
	2.04 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.63 dB
	1.80 dB
	3.26 dB

	
	
	
	I1/Noc(40%) @80%-tile
	1.16 dB
	2.80 dB
	3.26 dB

	
	(1,1, 1)

(5, 25, 25)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.09 dB
	0.09 dB
	0.10 dB

	
	
	
	I1/Noc(40%)@50%-tile
	-0.09 dB
	-0.05 dB
	-0.04 dB

	
	
	
	I1/Noc(40%) @80%-tile
	-0.42 dB
	-0.39 dB
	-0.36 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.56 dB
	0.57 dB
	0.57 dB

	
	
	
	I1/Noc(40%)@50%-tile
	1.26 dB
	1.30 dB
	1.29 dB

	
	
	
	I1/Noc(40%) @80%-tile
	2.76 dB
	2.97 dB
	2.89 dB

	
	(1,2, NA)

(5, 5, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	-0.04 dB
	0.14 dB
	1.22 dB

	
	
	
	I1/Noc(40%)@50%-tile
	-0.12 dB
	0.82 dB
	2.79 dB

	
	
	
	I1/Noc(40%) @80%-tile
	-0.56 dB
	2.61 dB
	4.86 dB

	
	(1, 2, NA)

(5, 14, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	-0.01 dB
	0.03 dB
	-0.01 dB

	
	
	
	I1/Noc(40%)@50%-tile
	-0.15 dB
	-0.05 dB
	-0.06 dB

	
	
	
	I1/Noc(40%) @80%-tile
	-0.53 dB
	-0.22 dB
	1.52 dB


Table 5: Relative throughput gain of advanced receiver xx/MMSE-IRC for several conditions at 70% of the maximum throughput for TM9

	Min-Max SINR range, 5-25% geometries
	RI and Modulation (Serving, Interferer 1, Interferer 2)
	ON OFF pattern
	Conditions/test
	E-LMMSE-IRC at 70% max tput
	SLIC at 70% of max throughput
	CWIC at 70% of max throughput

	-3.70 – 1.14
	(1,1, 1)

(5, 5, 5)


	ON ON


	I1/Noc(40%)@20%-tile,
	0.23 dB
	0.64 dB
	2.62 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.35 dB
	1.94 dB
	4.11 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.38 dB
	3.10 dB
	4.21 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.05 dB
	0.50 dB
	1.68 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.04 dB
	1.60 dB
	2.43 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.18 dB
	2.21 dB
	2.37 dB

	
	(1,1, 1)

(14, 5, 5)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.08 dB
	0.13 dB
	0.25 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.07 dB
	0.30 dB
	0.53 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.09 dB
	0.93 dB
	2.85 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.0 dB
	0.0 dB
	0.04 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.0 dB
	0.13 dB
	0.21 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.0 dB
	1.82 dB
	2.40 dB

	
	(1,1, 1)

(5, 25, 25)
	ON ON


	I1/Noc(40%)@20%-tile,
	0.19 dB
	0.19 dB
	0.21 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.36 dB
	0.38 dB
	0.34 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.42 dB
	0.46 dB
	0.50 dB

	
	
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.05 dB
	0.05 dB
	0.05 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.07 dB
	0.11 dB
	0.08 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.18 dB
	0.23 dB
	0.23 dB

	
	(1,2, NA)

(5, 5, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.12 dB
	0.13 dB
	0.18 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.31 dB
	0.33 dB
	0.30 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.48 dB
	0.48 dB
	0.52 dB

	
	(1, 2, NA)

(5, 14, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.08 dB
	0.08 dB
	0.10 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.28 dB
	0.28 dB
	0.29 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.48 dB
	0.48 dB
	0.48 dB

	
	(1, 2, NA)

(14, 14, NA)
	ON OFF


	I1/Noc(40%)@20%-tile,
	0.05 dB
	0.05 dB
	0.10 dB

	
	
	
	I1/Noc(40%)@50%-tile
	0.10 dB
	0.10 dB
	0.15 dB

	
	
	
	I1/Noc(40%) @80%-tile
	0.09 dB
	0.09 dB
	0.08 dB


2 Conclusions

This contribution provides the simulation results for a subset of the agreed conditions. The results are shown for TM4 colliding and non colliding CRSs and for TM9. Performance gains for TM4 in non colliding CRSs are considerably smaller than those under colliding CRS. This is due to the particular penalization of the reference receiver LMMSE-IRC in colliding CRS case. The results are also captured in the attached xls sheet. 
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