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1. Introduction

In RAN4 #81 meeting, a way forward regarding on intra-cell interference modelling for BS IC was approved [1]. The SNR distribution and spatial correlation level for the multiple co-scheduled intra-cell UEs were discussed with the following agreements:

· SNR distribution and spatial correlation level for the multiple co-scheduled intra-cell UEs 

· For 2Rx BS: 

· 2 intra-cell UEs 

· Option a: equal SNR; low correlation between UEs (i.e., uncorrelated) 

· Option b: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting

· Option c: unequal SNR, SNR difference is [3-6] dB; low correlation between UEs; 

· For 4/8Rx BS: 

· Option 1: 4 intra-cell UEs 

· equal SNR; low correlation between UEs 

· Option 2: 4 intra-cell UEs and 2 UEs per spatial layer 

· UEs within the same spatial layer: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting 

· UEs in different spatial layers: low correlation 

· Option 3: 2 intra-cell UEs 

· Option 3a: equal SNR; low correlation between UEs 

· Option 3b: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting

· Option 3c: unequal SNR, SNR difference is [3-6] dB; low correlation between UEs; 

In this contribution, we mainly focus on SNR distribution for the multiple co-scheduled intra-cell UEs.
2. Discussion

In [2], CW-IC receiver and MMSE-IRC receiver are proposed as the reference receiver for intra-cell interference cancellation and baseline receiver, respectively. For CW-IC receiver, the order of interference cancellation for BS IC receiver depends on the receiver power of overlapped signals, i.e., when the power of intra-cell interference UEs are stronger than that of target UE, BS is easier to detect and cancel them. As a result, the gain between baseline receiver and reference receiver could be obvious. With this consideration, this contribution provides the simulation results and for different SNR distributions and propose the potential test cases for BS IC receiver. The simulation assumptions based on the agreed way forwards [1] and [3] are listed in Table 1. At unequal SNR scenario, we define the interference UE's SNR is larger than that of target UE. 

Table 1. Simulation assumptions
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

	Maximal number of HARQ transmissions 
(including 1st Tx and re-Tx)
	4

	PRB number for PUSCH
	6

	Antenna number
	1Tx at UE, 2Rx/4Rx at BS

	Number of co-scheduled UEs within the target cell
	2 UEs

	MCS
	10, 15

	Frequency hopping, TTI bundling
	Disabled

	Modeling of inter-cell interferers
	Number of explicitly modelled inter-cell interferers
	2

	
	(DIP1, DIP2)
	· Case 1: High interference level in HetNet: 

(DIP1, DIP2) = (-0.43, -13.78) dB 

· Case 2: Low interference level in HomNet:DIP1 = -5.45 dB 

	
	Modulation of inter-cell interferers
	16QAM

	
	Timing delay
	Aligned

	
	SNR distribution 
	Equal SNR,

Unequal SNR(3dB, 6dB), i.e., the SNR of inter-cell interferers is 3dB/6dB larger than that of target UE

	
	DMRS configuration
	Assign the same base sequence and different cyclic shifts for co-scheduled intra-cell UEs, and assign different base sequences for UEs associated with different cells.

	Propagation condition (Serving, interferers)
	EPA5 low, ETU5 low,

EVA70 low, ETU70 low

	Performance measure point
	85% of maximum throughput


Figure 1~ Figure 4 shows the evaluation results for different SNR distributions for 2Rx BS, in which Figure 3(a)/ Figure 4(a)  and Figure 3(b)/ Figure 4(b) show the throughput performance of target UE and interference UE, respectively. Table 2(a) and Table 2(b) summarize the SINR working points at 85% of maximum throughput for different cases. Note that the intra-cell inter-user interference is not included in the “I” part of SINR in the simulation.
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Figure 1.  Throughput of target UE for equal SNR with 2Rx at BS, MCS10, 
(EPA5 low, ETU5 low), (DIP1, DIP2 = -0.43, -13.78) dB
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Figure 2.  Throughput of target UE for unequal SNR with 2Rx at BS, MCS15, 

(EPA5 low, ETU5 low), (DIP = -5.45) dB
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Figure 3(a). Throughput of target UE for unequal SNR with 2Rx at BS, MCS10, 

(EPA5 low, ETU5 low), (DIP1, DIP2 = -0.43, -13.78) dB
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Figure 3(b). Throughput of interference UE for unequal SNR with 2Rx at BS, MCS10, 

(EPA5 low, ETU5 low), (DIP1, DIP2 = -0.43, -13.78) dB
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Figure 4(a).  Throughput of target UE for unequal SNR with 2Rx at BS, MCS15, 

(EPA5 low, ETU5 low), (DIP = -5.45 dB)
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Figure 4(b).  Throughput of interference UE for unequal SNR with 2Rx at BS, MCS15, 

(EPA5 low, ETU5 low), (DIP = -5.45 dB)
Table 2(a). SINR working points for 85% throughput of target UE with 2Rx at BS

	Scenarios with unequal SNR (dB)
	Required SINR (dB) for CWIC receiver
	Required SINR (dB) for Baseline receiver
	BS-IC throughput gain (dB)

	Equal SNR
	High interference level (-0.43, -13.78) dB
	2
	8.5
	6.5

	
	Low interference level (-5.45 dB)      
	10.5
	13.3
	2.8

	Unequal SNR
	High interference level
	3dB
	1.6
	9.5
	7.9

	
	
	6dB
	1
	9.9
	8.9

	
	Low interference level
	3dB
	9.9
	13.7
	3.8

	
	
	6dB
	9.2
	14.2
	5


Table 2(b). SINR working points for 85% throughput of interference UE with 2Rx at BS

	Scenarios with unequal SNR (dB)
	Required SINR (dB) for CWIC receiver
	Required SINR (dB) for Baseline receiver
	BS-IC throughput gain (dB)

	Equal SNR
	High interference level (-0.43, -13.78) dB
	2
	8.5
	6.5

	
	Low interference level (-5.45 dB)      
	10.5
	13.3
	2.8

	Unequal SNR
	High interference level
	3dB
	3.0
	7.0
	4

	
	
	6dB
	3.2
	5.1
	1.9

	
	Low interference level
	3dB
	11.3
	12.9
	1.6

	
	
	6dB
	11.3
	11.8
	0.5


Observations: 
· For equal SNR scenario, the throughput gain of reference receiver over baseline receiver at high interference level is larger than that of lower interference level. For 2Rx scenario, the BS-IC throughput gains are 6.5dB and 2.8dB, respectively. Since target UE and interference UE have the same SNR, they have the same working point.
· For unequal SNR scenario, BS-IC throughput gain of target UE is higher than that of equal SNR given that BS can easier cancel stronger interference. For 3dB unequal SNR and 6dB unequal SNR, the BS-IC throughput gains are 7.9dB~8.9dB and 3.8dB~5dB, respectively. However, the BS-IC throughput gain of interference UE is much smaller as the impact of target UE to interference UE is very limited. 

· At lower interference level scenario, since the BS gain of equal SNR scenario is limited, it is more reasonable to use unequal SNR as interference model. 
Proposal 1: To use unequal SNR for lower interference level model with 2Rx 2UE configurations.
Proposal 2: To use throughput gain of target UE as performance metric.
Figure 5~ Figure 8 shows the evaluation results for different SNR distributions for 4Rx BS. Table 1 summarizes the SINR working points at 85% of maximum throughput for different cases. Similar to 2Rx case, Figure 7(a)/ Figure 8(a)  and Figure 7(b)/ Figure 8(b) show the throughput performance of target UE and interference UE, respectively. Table 3(a) and Table 3(b) summarize the SINR working points at 85% of maximum throughput for different cases.
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Figure 5.  Throughput of target UE for equal SNR with 4Rx at BS, MCS10, 
(EPA5 low, ETU5 low), (DIP1, DIP2) = (-0.43, -13.78) dB
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Figure 6. Throughput of target UE for unequal SNR with 4Rx at BS, MCS15, 

(EVA70，ETU70 Low), (DIP) = (-5.45 dB) 
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Figure 7(a).  Throughput of target UE for equal SNR with 4Rx at BS, MCS10, 

(EPA5 low, ETU5 low), (DIP1, DIP2) = (-0.43, -13.78) dB
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Figure 7(b). Throughput of interference UE for equal SNR with 4Rx at BS, MCS10, 

(EPA5 low, ETU5 low), (DIP1, DIP2) = (-0.43, -13.78) dB
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Figure 8(a).  Throughput of target UE for unequal SNR with 4Rx at BS, MCS15, 

(EVA70，ETU70 Low), (DIP) = (-5.45 dB)
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Figure 8(b).  Throughput of interference UE for unequal SNR with 4Rx at BS, MCS15, 

(EVA70，ETU70 Low), (DIP) = (-5.45 dB)
Table 3(a). SINR working points of target UE for 4Rx at BS

	Scenarios with unequal SNR (dB)
	Required SINR (dB) for CWIC receiver
	Required SINR (dB) for Baseline receiver
	CWIC receiver Gains over Baseline receiver (dB)

	Equal SNR
	High interference level
	-6
	-3.8
	2.2

	
	Low interference level      
	4.6
	5.4
	0.8

	Unequal SNR
	High interference level
	3dB
	-6.15
	-3.5
	2.65

	
	
	6dB
	-6.15
	-3.5
	2.65

	
	Low interference level
	3dB
	4.4
	5.8
	1.4

	
	
	6dB
	4.8
	7
	2.2


Table 3(b). SINR working points of interference UE for 4Rx at BS

	Scenarios with unequal SNR (dB)
	Required SINR (dB) for CWIC receiver
	Required SINR (dB) for Baseline receiver
	CWIC receiver Gains over Baseline receiver (dB)

	Equal SNR
	High interference level
	-6
	-3.8
	2.2

	
	Low interference level      
	4.6
	5.4
	0.8

	Unequal SNR
	High interference level
	3dB
	-5.1
	-4.2
	0.9

	
	
	6dB
	-5.0
	-4.7
	0.3

	
	Low interference level
	3dB
	4.8
	5
	0.2

	
	
	6dB
	4.65
	4.65
	0


Observations: 
· At equal SNR case, compared to 2Rx at BS, the BS-IC throughput gain of 4Rx is reduced because 4 received antennas provide better interference rejection performance for IRC receiver. At high interference level scenario and low interference level, the throughput gains are 2.2dB and 0.8dB, respectively. Similar to 2Rx case, the target UE and interference UE have the same working point.

· At unequal SNR case, the BS-IC throughput gain of target UE is higher than that of equal SNR given that BS can easier cancel stronger interference. For 4Rx scenario, the BS-IC throughput gains of high interference level and low interference level are 2.65dB and 1.4dB~2.2dB, respectively. Moreover, there is no much difference between 3dB unequal SNR and 6dB unequal SNR. For interference UE, the throughput gain of BS-IC is lower than 1dB. 

· As the BS gain of equal SNR scenario is very limited, it is more reasonable to use unequal SNR as interference model. 
Proposal 3: To use unequal SNR for 4Rx 2UE configurations. 
3. Conclusion
In this contribution, the link level simulation results for different SNR distribution are presented. Based on above analysis and results, we have the following proposals:
Proposal 1: To use unequal SNR for lower interference level model with 2Rx 2UE configurations.
Proposal 2: To use throughput gain of target UE as performance metric.
Proposal 3: To use unequal SNR for 4Rx 2UE configurations. 
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