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1 Introduction

During email discussion it was agreed to provide link level simulations according to phase I [1]. 

4) 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/On
5) Detailed phase-1simulationparameters:
· SINR, I1/Noc(α), and I2/Noc(α): FFSas of Aug 1st, but will follow geometry conclusion #3
· At least one case for CRS-based TM (FFS: TM4 or TM3) and one case for DMRS-based TM (TM9/10)
· 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: FFS
· Note: Majority companies agree to use fixed MCS/RI for phase-1
In this document we provide simulation results based on the conclusions of the email discussion.

The simulation assumptions agreed as conclusion of the email discussions are provided in Annex A.

The simulation results are provided according to the following.

· We consider only TM9. In addition some results are reported for TM2.
· SINR ranges 5-25%, and some results for 75-95%.

· For 5-25% SINR we provide simulation results for  I1/Noc(40%) for I1/Noc(40%)@ the three %-ile provided in Table 1. For 75-95%.SINR we provide simulation results only for I1/Noc(40%)@80th percentile. 
Table 1: I1/Noc, I2/Noc levels  for 5-25% geometries
	5-25% geometries

 

 

 

 

 
	SINR_min
	-3,74
	 
	 
	 
	 
	 
	 
	 

	
	SINR_max
	1,08
	 
	 
	 
	 
	 
	 
	 

	
	I1/Noc(40%)@20%-tile
	3,24
	diff=
	I1/Noc(40%)@50%-tile
	7,68
	diff=
	I1/Noc(40%) @80%-tile
	13,83
	diff=

	
	Conditioned median I2/Noc
	0,76
	2,48
	Conditioned median I2/Noc
	2,16
	5,51
	Conditioned median I2/Noc
	3,31
	10,52

	
	I1/Noc(60%) @20%-tile 
	1,85
	diff=
	I1/Noc(60%) @50%-tile
	6,23
	diff=
	I1/Noc(60%) @80%-tile
	12,25
	diff=

	
	Conditioned median I2/Noc
	-0,58
	2,43
	Conditioned median I2/Noc
	0,65
	5,58
	Conditioned median I2/Noc
	1,64
	10,61


Table 2: I1/Noc, I2/Noc levels  for 75-95% geometries

	75-95% geometries

 

 

 

 

 
	SINR_min
	11,95
	 

	
	SINR_max
	19,24
	 

	
	I1/Noc(40%)@80%-tile
	17,42
	diff=

	
	Conditioned median I2/Noc
	16,10
	1,31

	
	I1/Noc(60%) @80%-tile 
	15,90
	diff=

	
	Conditioned median I2/Noc
	14,60
	1,30


All the results are obtained with SLIC and CWIC and compared with legacy IRC receivers.
Figures 1-8 shows the results for 5-25%-ile geometries and 75-95%ile geometries for TM2 with MCS5 and MCS=25, only for ON-ON case. The MCS of the serving cell is always equal to 5. Note that TM4 results show very similar behaviour and they are not included in this paper. 
Figures 9-14 show the same results for TM9 with the three agreed cases, ON-ON, ON-OFF and OFF-OFF, for the conditions mentioned above. Again the serving cell MCS is equal to 5.
These results can be used in order to align the performance during phase I.

From the results provided below the following observations can be done.

· For TM2:  

· Depending on the conditions the gain achieved by SLIC and L-CW-IC varies significantly. 

· In general L-CW-IC provides good gains for low order modulation and high value of I1/Noc (>=50%ile). Up to 7dB can be obtained in those cases. The gains of SLIC under the same conditions are smaller, up to 4-5dB. 

· SLIC is however robust to changing modulation conditions as it is shown for MCS=25. In all these cases L-CW-IC provides similar or worst performance compared to IRC receivers. Performance can be reduced by 1dB for 20%ile I1/Noc. 

· At high SINR geometries (75-95%ile) L-CW-IC provides some gains while  SLIC receiver degrades slightly the performance. In case instead of high order modulation both L-CW-IC and SLIC degrades the performance compared to IRC receiver.  Performance of L-CW-IC are worst compared to SLIC. However the SNR region of interest seems to be very high.
· For TM9:

· As expected for OFF-OFF case the performance of the three receiver structure are the same in all cases.

· For low modulation order (MCS=5)

· The same observation on the gains achieved by L-CW-IC when modulation order is low (MCS=5) are applicable for TM9 as well. The gains are however considerably lower compared to TM2 from 1 to 4 dB depending on the I1/Noc %ile.
· There is no performance gain when the interferer has high order modulation.

· The gap between SLIC and L-CW-IC closes for increasing I1/Noc %ile, i.e. they achieve very similar performance for I1/Noc 80%ile case with good gains of ~4dB wrt to IRC receivers.

· For high order modulation (MCS=25)

· Very limited gains can be achieved with both SLIC and L-CW-IC. 

In general the results point out that:
SLIC is robust to varying conditions but achieves slightly less gains compared to L-CW-IC. L-CW-IC is less robust when HOM is scheduled on the interfering cell due to the fact that very often the SINR achieved in the serving cell is not sufficiently high to be able to demodulate the HOM signal of the interfering cell. 
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Figure 1.TM2, RU40%, 20%ile I1/Noc, 5-25% geometry, ON-ON, MCS 5
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Figure 2.TM2, RU40%, 50%ile I1/Noc, 5-25% geometry, ON-ON, MCS 5
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Figure 3.TM2, RU40%, 80%ile I1/Noc, 5-25% geometry, ON-ON, MCS 5
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Figure 4.TM2, RU40%, 20%ile I1/Noc, 5-25% geometry, ON-ON, MCS 25
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Figure 5.TM2, RU40%, 50%ile I1/Noc, 5-25% geometry, ON-ON, MCS 25
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Figure 6.TM2, RU40%, 80%ile I1/Noc, 5-25% geometry, ON-ON, MCS 25
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Figure 7.TM2, RU40%, 80%ile I1/Noc, 75-95% geometry, ON-ON, MCS 5
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Figure 8.TM2, RU40%, 80%ile I1/Noc, 75-95% geometry, ON-ON, MCS 25
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Figure 9 TM9, RU 40%, 20%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 5
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Figure 10 TM9, RU 40%, 20%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 25

[image: image11.png]4.5

35

Throughput [Mbps]

TM9, NC MCS-=5, 11/Noc=7.68dB, I2/Noc=2.16dB

=
3 |
25F
2 .
—o&— IRC ON/ON
—<— SLIC ON/ON
—&— CWIC ON/ON
—— IRC ON/OFF
1 —— SLIC ON/OFF
—<— CWIC ON/OFF
—&— IRC OFF/OFF
—&— SLIC OFF/OFF
& —=— CWIC OFF/OFF
=" I L T 1
-10 -5 0 10 15 20

5
SNR[dB]




Figure 11 TM9, RU 40%, 50%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 5

[image: image12.png]Throughput [Mbps]

TM9, NC MCS=25, I1/Noc=7.68dB, 12/Noc=2.16dB

45
=
35
3 |-
250
2 .
—&— IRC ON/ON
—=— SLIC ON/ON
15¢ —&— CWIC ON/ON
—— IRC ON/OFF
1k ——— SLIC ON/OFF
—— CWIC ON/OFF
o5L —=— IRC OFF/OFF
) —=— SLIC OFF/OFF
—=s— CWIC OFF/OFF
0 L L L L T |
-10 5 0 10 15

5
SNR[dB]

20




Figure 12 TM9, RU 40%, 50%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 25
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Figure 13 TM9, RU 40%, 80%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 5
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Figure 14 TM9, RU 40%, 80%ile I1/Noc, 5-25% geometry, OFF-OFF, ON-OFF, OFF OFF, MCS 25

2 Conclusions
This paper provides the simulation results according to the agreed set up during email discussion for phase I. these results point out that:
SLIC is robust to varying conditions but achieves slightly less gains compared to L-CW-IC. L-CW-IC is less robust when HOM is scheduled on the interfering cell due to the fact that very often the SINR achieved in the serving cell is not sufficiently high to be able to demodulate the HOM signal of the interfering cell. 
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Annex A
This section provides simulation assumptions and SNR conditions, according to conclusions of the email discussion:

· On/On
· On/Off
· Off/Off
· Off/On (lower priority)
6) Detailed simulation 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

	
[image: image17.wmf]oc

N

at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Es/Noc, I1/Noc, I2/Noc
	dB
	Note 2
	Note 2
	Note 2

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	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 2:      
2) At least for scenario 1, calibrated geometries under full-loading(i.e., Es/Noc, I1/Noc and I2/Noc of two explicitly modeled interferers, and Noc) will be used to set the simulation conditions for link level simulation under partial loading.

· Link level simulationunder partial loading will scale Noc obtained under full loading by:
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3) Link simulation will sweep over a certain range of SINRs (defined under full loading as SINR=Es/(I1+I2+Noc)) and for each range define a correspondingset of (I1/Noc(α), I2/Noc(α)) pairs as below:

· 3 SINR ranges (i.e., 5-25%, 40-60%, and 75-95%).

· For each SINR range, define 3 values forI1/Noc(α) in dB(i.e., x@ 20th, y@50th, z@80th percentile)

· Additional I1/Noc(α)values can be usedif found important.When defining (I1/Noc(α), I2/Noc(α)) for a corresponding SINR range, focus on more typical I1/Noc(α) and I2/Noc(α).

· For each I1/Noc(α) values (i.e., x, y, z), define(FFS: averaged or medium) I2/Noc conditioned on I1/Noc(α)=x/y/z dB (i.e., taking the mean/medium from the data set with I1/Noc(α) in 15~25%, 45~55%, and 75~85%).

· Finalize the followingparameters for at least scenario #1 (Companies to provide values for alignment by August 5thusing the table below):
· Three SINR ranges in dB 
· For each SINR range, 3 pairs of I1/Noc(α) and I2/Noc(α), at α=40% and 60% respectively
· FFS: Possible prioritization of simulationcases (i.e., SINR range, α, and pairs of I1/Noc(α) and I2/Noc(α)), considering simulation burdenand level of interest of the cases.
Note 3:     Fixed MCS/RI across subframes and subbands for both serving and interference cell
· i) TM4 Rank 1 serving cell:

· MCS 5: QPSK, Rate 1/3

· [Optional] MCS 14: QAM16, Rate 1/2

· Intf1: TM4 Rank1 interferer

· MCS 5: QPSK, Rate 1/3

· MCS 25: QAM64, Rate ¾

· [Optional] MCS 14: QAM16, Rate 1/2

· Intf2: TM4 Rank1 interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾

· [Optional] MCS 14: QAM16, Rate 1/2

· Resultant 2 MCS combinations for interferers {5,5}, {25,25}

· ii) TM2 serving cell:

· MCS 5: QPSK, Rate 1/3

· [Optional] MCS 14: QAM16, Rate 1/2
· Intf1: TM3 Rank2 interferer (same MCS on both streams)
· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· [Optional] MCS 14: QAM16, Rate 1/2

· Intf2: TM2 Interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· [Optional] MCS 14: QAM16, Rate 1/2

· Resultant 2 MCS combinations for interferers {5,5}, {25,25}

· iii) TM9/TM10 Rank 1 serving cell: 

· MCS 5: QPSK, Rate 1/3

· [Optional] MCS 14: QAM16, Rate 1/2
· Intf1: One TM9 Rank1 interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· [Optional] MCS 14: QAM16, Rate 1/2

· Intf2: One TM9 Rank1 interferer, MCS 5 / MCS 25
· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· [Optional] MCS 14: QAM16, Rate ½

· Resultant 2 MCS combinations for interferers {5,5}, {25,25}.
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