Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #82
R4-1700928
Athens, Greece, February 13 – 17, 2017
Source: 
Nokia, Alcatel-Lucent Shanghai Bell
Title: 




Initial simulation results on BS IC   
Agenda Item: 
8.2.3 
Document for:
Discussion
1 Introduction
The SI “Study on interference cancellation receiver for LTE BS” [1] was approved in RAN#73. In RAN4#81, a number of WFs were agreed regarding the deployment scenario and inter-cell interference [2], the baseline and reference receiver [3], and intra-cell interference [4]. Based on the discussions, the first simulation cases and the corresponding simulation assumptions were agreed in [5]. 
The agreed simulation cases for 2RX are copied below.

	Case No.
	No. co-scheduled UEs
	Propagation condition
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	1-1
	2 UEs with equal SNR
	(EPA5 low, ETU5 low)
	MCS10 (QPSK 0.61)
	High interference level in HetNet: DIP1= -0.43 dB

	1-2
	
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB


The agreed simulation cases for 4/8RX are copied below.

	Case No.
	No. co-scheduled UEs
	Propagation condition
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	2-1
	4 UEs with equal SNR
	(EPA5 low, ETU5 low)
	MCS10 (QPSK 0.61)
	High interference level in HetNet: DIP1= -0.43 dB

	2-2
	
	
	
	High interference level in HetNet: (DIP1, DIP2) = (-0.43, -13.78) dB

	2-3
	
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB

	2-4
	2 UEs with equal SNR
	(EPA5 low, ETU5 low)
	MCS10 (QPSK 0.61)
	High interference level in HetNet: DIP1= -0.43 dB

	2-5
	
	
	
	High interference level in HetNet: (DIP1, DIP2) = (-0.43, -13.78) dB

	2-6
	
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB


In this paper, we will provide our initial simulation results based on [5].
2 Discussion
The simulation assumptions used in this paper are same as in [5] and copied in Table 1.  

Table 1: Simulation assumptions for PUSCH with BS IC 
	Parameter
	Value

	System Bandwidth
	10MHz

	Frame Structure
	FDD

	TX number
	1

	RX number
	2, 4 and 8

	Timing and frequency offset
	Zero

	DMRS
	· Intra-cell UEs use different CS.
· Different base sequences for UEs associated with different cells.

	Maximum number of HARQ transmissions
	4, with RV 0,2,3,1

	Modulation of inter-cell interference
	Randomly modulated 16QAM symbol in interfering PUSCH

	Frequency hopping, TTI bundling
	Disabled

	Receiver
	· baseline: MMSE-IRC

· reference: MMSE-IC-IRC

	SINR definition 
	· S: power of one intra-cell UE

· I: intra-cell inter-user interference is not included in the “I” part

	Performance metric
	Sum throughput, co-scheduled UEs have equal throughput statistically


The simulation results are shown in 
· Figure 1 for case 1-1 and 1-2, 
· Figure 2 for case 2-1, 2-2 and 2-3 with 4RX, 

· Figure 3 for case 2-4, 2-5 and 2-6 with 4RX,

· Figure 4 for case 2-1, 2-2 and 2-3 with 8RX, 

· Figure 5 for case 2-4, 2-5 and 2-6 with 8RX. 
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Figure 1: Simulation results for case 1-1 and 1-2
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Figure 2: Simulation results for case 2-1, 2-2 and 2-3 with 4RX
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Figure 3: Simulation results for case 2-4, 2-5 and 2-6 with 4RX
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Figure 4: Simulation results for case 2-1, 2-2 and 2-3 with 8RX
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Figure 5: Simulation results for case 2-4, 2-5 and 2-6 with 8RX
From Figure 1-5, a general observation is that for a fixed MCS, IC gain occurs from the SINR point corresponding to ~50% maximum throughput. Below that point, there is little gain or even slight loss from IC. This is because in low SINR range of an MCS level, the probability of correct decoding in the first iteration is low, so it cannot provide good enough information for the interference re-construction in the following iterations. The interference cancelation then will not improve the performance or even may degrade the performance. 

Observation 1: For a fixed MCS, IC gain occurs from the SINR point corresponding to ~50% maximum throughput. Below that point, there is little gain or even slight loss from IC.
Comparing Figure 2 (4 co-scheduled UEs and 4RX) and Figure 3 (2 co-scheduled UEs and 4RX), it is obvious that IC gain is meaningful when number of RX is same as number of co-scheduled UEs. When number of RX is larger than number of co-scheduled UEs, there is little gain from IC. This is because when there is enough degree of spatial freedom at the receiver side, the MMSE-IRC can achieve quite good performance, and there is little room for improvement from interference cancelation. The same observation can be made from Figure 4 and 5 (4 and 2 co-scheduled UEs and 8RX), in both figures IC gain is very small.
Observation 2: IC gain is meaningful when number of RX is same as number of co-scheduled UEs. When number of RX is larger than number of co-scheduled UEs, there is little gain. 

On the impact of inter-cell interference on IC gain, it can be observed from all figures, but more clearly from Figure 1 and 2, that IC gain is higher in high inter-cell interference cases. For example, IC gain is higher in case 1-1 than in case 1-2, and higher in case 2-1 than in case 2-3. The is because the higher inter-cell interference is, the less degree of spatial freedom is available at the receiver side to handle intra-cell interference. Another observation, by comparing case 2-1 with case 2-2, or case 2-4 with case 2-5, is that number of inter-cell interferers has minor impact on IC gain.   

Observation 3: Comparing the cases with high and low inter-cell interferences, IC gain is higher in high inter-cell interference cases.
Observation 4: Number of inter-cell interferers has minor impact on IC gain.
The IC gain at 85% maximum throughput is captured in Table 2.
Table 2: Performance with baseline and reference receiver at 85% maximum throughput
	RX
	Case
	SNR@85% full TP baseline
	SNR@85% full TP reference
	IC gain @85% full TP

	2
	Case-1-1
	5.63
	2.54
	3.1

	2
	Case-1-2
	12.44
	10.85
	1.59

	4
	Case-2-1
	1.74
	-3.24
	4.97

	4
	Case-2-2
	1.69
	-3.4
	5.08

	4
	Case-2-3
	11.39
	8.47
	2.92

	4
	Case-2-4
	-5.66
	-6.15
	0.49

	4
	Case-2-5
	-6.04
	-6.53
	0.49

	4
	Case-2-6
	4.53
	4.15
	0.38

	8
	Case-2-1
	-8.91
	-9.42
	0.51

	8
	Case-2-2
	-9.46
	-10.07
	0.62

	8
	Case-2-3
	1.88
	1.04
	0.83

	8
	Case-2-4
	-10.4
	-10.37
	-0.03

	8
	Case-2-5
	-11.36
	-11.32
	-0.05

	8
	Case-2-6
	-0.28
	-0.19
	-0.09


3 Conclusions 

In this paper, we provided our initial simulation results based on [5], and made the following observations.

Observation 1: For a fixed MCS, IC gain occurs from the SINR point corresponding to ~50% maximum throughput. Below that point, there is little gain or even slight loss from IC.
Observation 2: IC gain is meaningful when number of RX is same as number of co-scheduled UEs. When number of RX is larger than number of co-scheduled UEs, there is little gain.
Observation 3: Comparing the cases with high and low inter-cell interferences, IC gain is higher in high inter-cell interference cases.

Observation 4: Number of inter-cell interferers has minor impact on IC gain.   
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