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1 Introduction
After RAN4 kicked off the discussion on the new study item, so called “network-assisted interference cancellation and suppression” (NAICS) during RAN4 #66bis (Chicago, USA), there were lots of active discussions on the potential receiver types. Also in RAN4 #67 (Fukuoka, Japan), it was suggested that interference model should be agreed before RAN4 #68 to expedite the overall study item completion [1]. Following the suggestion, there have been extensive email discussions on how to model on/off interference characteristics. As a result, a two-step approach to calibrate and investigate the receive performance has been agreed. Among the approaches, the first step, so called ‘Phase-1’ scenario is devised to be used for calibration, and we present our results in those cases with the assumption of scenario 1 (homogeneous network). In Phase-1, the interference characteristics are fixed, i.e. fixed MCS and fixed on/off patterns are used to make it easy to calibrate the results between companies. Also interference power profiles have been pre-generated for different cases through extensive system-level simulations [5,6]. These profiles provide the explicit values for Es/Noc, I1/Noc, and I2/Noc in the selected multiple interested cases. These parameters are currently believed to better-represent the overall intermittent interference characteristics than the previously-used DIP profiles [3,4].
Currently in RAN4, there are still multiple receiver types that are under discussion. Among them, in this document, we only consider LMMSE-IRC and reduced complexity ML (R-ML) receiver [2]. One of the reasons for this selection is that the complexity of ML receiver might become too much complicated especially when the total number of layers becomes large. It is also believed that the most gain would be resulted from exploiting the first strongest interferer. There could be multiple ways to implement R-ML receiver. In our R-ML receiver, we limit the total number of layers that are utilized in ML processing (including the desired signal) to two. This means that only when the desired signal’s layer is one, the inter-cell interference is considered in the joint ML processing. All other remaining layers, if any, are not considered in the ML processing, and will be regarded as additional noise. Also note that ML receiver requires the modulation information of the interference, which is assumed to be known to the desired UE in this work.
2 Performance
In this contribution, we consider only TM9 on both serving and interference cell, and discuss the throughput of PDSCH channel with the interference from PDSCH of neighbor cell. Only scenario 1 is considered. The complete information of interference characteristics can be found in our companion document [5,6]. Also the simulation parameters are listed in Section 5.
2.1 Low SINR (MCS 5)
In this case, the agreed interference profiles are:
	Min SINR [dB]
	Max SINR [dB]
	Loading
	I1/Noc Percentile
	I1/Noc [dB]
	I2/Noc [dB] (median)
	Case ID

	-3.70
	1.14
	40 %
	20 %
	3.28
	0.74
	0

	
	
	
	50 % 
	7.77
	2.29
	1

	
	
	
	80 %
	13.91
	3.34
	2

	
	
	60 %
	20 %
	1.94
	-0.56
	3

	
	
	
	50 %
	6.33
	0.76
	4

	
	
	
	80 %
	12.33
	1.67
	5


Table 1. Link level settings for low SINR (scenario 1)
Note that only for the presentation purpose, a case ID is defined in Table 1. Detailed simulatin parameters can be found in the appendix (TM9/10 serving cell and TM9/10 interference cell case). Ideal CRS cancellation was assumed.
2.1.1 Interference status (ON, OFF)
For the fixed interference pattern (interference 1 is always ON, and interference 2 is always OFF), the throughput performance of LMMSE-IRC and R-ML vs. Es/Noc are illustrated in Fig. 1 for the cases defined in Table 1. The MCS used in the serving and interfering cells are 5, 5, and  5, respectively.
For the 40% loading cases, at the 70% of the max throughput, R-ML receiver provides roughly 2.5, 6, and 11 dB gain for the case of 0,1, and 2, respectively. For the 60% loading, at the 70% of the max throughput, R-ML receiver provides roughly 2, 4.5, and 10 dB gain for the case of 3, 4, and 5, respectively. This smaller gain (compared to 40% loading) would result from the smaller interference power setting shown in Table 1. Generally, it is observed that the gain from R-ML becomes significantly higher when the interference power is higher.
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Figure 1. Performance of LMMSE-IRC and R-ML in low SINR for each case (the case Ids are defined in Table 1)
Observation 1: For low SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 2.5, 6, and 11dB at 20/50/80%-tile points of I1/Noc respectively (MCS=5 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain increases as I1/Noc increases. 
2.1.2 Interference status (ON, ON)
 For the fixed interference pattern (both interferences are always ON), the throughput performance of LMMSE-IRC and R-ML vs. Es/Noc are illustrated in Fig. 2 for the cases defined in Table 1. The MCS used in the serving and interfering cells are 5, 5,  and 5, respectively.
Similar as in the (ON,OFF) case, significant gain is observed. For the 40% loading cases, at the 70% of the max throughput, R-ML receiver provides roughly 2, 4, and 8 dB gain for the case of 0,1, and 2, respectively. For the 60% loading, at the 70% of the max throughput, R-ML receiver provides roughly 1.5, 3.5, and 7 dB gain for the case of 3, 4, and 5, respectively. Generally, it is observed that the gain from R-ML becomes significantly higher when the interference power is higher.
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Figure 2. Performance of LMMSE-IRC and R-ML in low SINR for each case (ON/ON, the case Ids are defined in Table 1)
Observation 2: For low SINRs under fixed (ON, ON) pattern, R-ML can outperform LMMSE-IRC receiver by 2,4, and 8dB at 20/50/80%-tile points of I1/Noc respectively (MCS=5 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain increases as I1/Noc increases.
2.2 High SINR (MCS 25)
In this case, the agreed interference profiles are:
	Min SINR [dB]
	Max SINR [dB]
	Loading
	I1/Noc Percentile
	I1/Noc [dB]
	I2/Noc [dB] (median)
	Case ID



	12.01
	19.26
	40 %
	20 %
	1.42
	0.69
	0

	
	
	
	50 %
	6.73
	5.09
	1

	
	
	
	80 %
	17.49
	16.19
	2

	
	
	60 %
	20 %
	-0.02
	-0.76
	3

	
	
	
	50 %
	5.18
	3.63
	4

	
	
	
	80 %
	16.00
	14.71
	5


Table 2. Link level settings for high SINR (scenario 1)
2.2.1 Interference status (ON, OFF)
For the fixed interference pattern (interference 1 is always ON, and interference 2 is always OFF), the performance of LMMSE-IRC and R-ML is illustrated in Fig. 2 for the cases defined in Table 2. The MCS used in the serving and interfering cells are 25, 25, and 25, respectively.
In the 40% loading scenario, at the 70% of the max throughput, R-ML receiver provides roughly 0.7, 2, and 3 dB gain for the case of 0, 1, and 2, respectively. In the 60% loading, the gains are roughly 0.3, 0.75, and 2.5 dB for the case 3, 4, and 5, respectively. In this specific scenario, as shown in Table 2, the interference power is relatively weak compared the serving cell’s power, and naturally results in low gain. Compared to the low MCS case, although the gain is relatively smaller, significant gain is still achieved exploiting the interference information.
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Figure 3. Performance of LMMSE-IRC and R-ML in high SINR for each case (The case Ids are from Table 2)
Observation 3: For high SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 0.7, 2, and 3dB at 20/50/80%-tile points of I1/Noc respectively (MCS=25 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain also increases as I1/Noc increases, same as observed for low SINRs. 
2.2.2 Interference status (ON, ON)
 For the fixed interference pattern (both interferences are always ON), the performance of LMMSE-IRC and R-ML is illustrated in Fig. 4 for the cases defined in Table 2. The MCS used in the serving and interfering cells are 25, 25, and 25, respectively. As the interference power becomes much smaller than the desired signal, the performance gain from R-ML is not significant at least in these specific cases. 
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Figure 4. Performance of LMMSE-IRC and R-ML in high SINR for each case (The case Ids are from Table 2)
Observation 4: For high SINRs under fixed (ON, ON) pattern, R-ML does not show noticeable gain due to relatively weak interference power compared to the SNR range of operation. 
3 Conclusions 
In this contribution, we discussed our evaluation results on the receive performance with the interference characteristics defined in Phase-1. We presented the performance of LMMSE-IRC and R-ML receiver in both low and high geometry with the assumption of scenario 1. The observations include:
Observation 1: For low SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 2.5, 6, and 11dB at 20/50/80%-tile points of I1/Noc respectively (MCS=5 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain increases as I1/Noc increases. 
Observation 2: For low SINRs under fixed (ON, ON) pattern, R-ML can outperform LMMSE-IRC receiver by 2,4, and 8dB at 20/50/80%-tile points of I1/Noc respectively (MCS=5 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain increases as I1/Noc increases.
Observation 3: For high SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 0.7, 2, and 3dB at 20/50/80%-tile points of I1/Noc respectively (MCS=25 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain also increases as I1/Noc increases, same as observed for low SINRs. 
Observation 4: For high SINRs under fixed (ON, ON) pattern, R-ML does not show noticeable gain due to relatively weak interference power compared to the SNR range of operation. 

Based on the observations, we propose:
Proposal 1: R-ML receiver should be further studied in both link and system level because of its sizable gain over LMMSE-IRC. 
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5 Appendix 
	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
	
[image: image25.wmf]A

r


	dB
	-3
	-3
	-3

	
	
[image: image26.wmf]B

r


	dB
	-3 (Note 1)
	-3
	-3

	
[image: image27.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:     From Table 1 and 2 in Section 2
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}.
Note 4: Wideband PMI is for TM4 and TM9 transmissions during Phase 1.
· Fixed across entire frequency band
· Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell
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