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1 Introduction

The reference receiver of FeICIC for demodulation had been discussed in RAN4 #62 and #63 meeting and there were still some open issues, such as interference level and CRS configurations of Macro and Pcio cells for the test cases. In this contribution, we try to give our analysis and suggestions for FeICIC demodulation testing. And we also provide analysis of the feasibility of PBCH-IC in order to response to RAN1 LS [4].
2 Reference receiver of FeICIC
2.1 Methodology to determine the number of aggress cell and interference levels for CRS-IC
To evaluate and get the number of aggress cell and interference level, the evaluation methodology should be aligned in each company, and in this section we try to give a common methodology of how to determine the number of dominant macro interference cells.
We follow the terminology in [3] and the current existing specification. On top of the method proposed in [3], we will take the serving cell SNR into account, i.e., Es/Noc2 and make some modification for simplification. According to the system simulation results, Es/Noc2 is distributed in a wide range for a given Es/Iot. 
In general, the method is divided in to four steps:
· Step 1: Assuming the maximum number of cancelled interferers, e.g., N=1, 2 or 3, choose the typical UE sets to log Es/Iot targeting different physical channel test cases, e.g., 50%-ile Pico CRE UE Es/Iot for PDSCH TM2 test.
· Step 2: Obtain the interference levels for each UE set of interest by calculating the conditional statistics of Es/Noc2, I1/Noc2, I2/Noc2, Noc1/Noc2, Noc1/Noc2 and etc. For this step, we propose two options.
· Option 1 (one typical point): select 50%-ile Es/Noc2 conditioned on the given UE set and Es/Iot, and then within the window around chosen Es/Noc2 average the interference-to-noise ratios, i.e., I1/Noc2 , I2/Noc2, and I3/Noc2 (if needed);
· Option 2 (multiple typical points): divide the statistical space of Es/Noc2 conditioned on the given UE set and Es/Iot into a number of sub-spaces equally, and then within each space average the SNR of Es/Noc2 and the interference-to-noise ratios, i.e., I1/Noc2 , I2/Noc2, and I3/Noc2 (if needed) corresponding to each calculated values of Es/Noc2.
· Step 3: For different maximum number of cancelled interferers, choose the proper MCS considering the obtained Es/Noc2 and interference levels obtained in Step2 and then run the link level simulation to check the performance gain at the desired Es/Noc2 compared with the performance of UE without CRS-cancelling.
· Step4: If the performance gain for a certain maximum interference-cancelling number of N is significant, it can be justified that cancelling N interferers for certain physical channels will be beneficial in typical FeICIC scenarios. And then at the same time the interference levels can be obtained. If Option 2 used in Step 2, the average throughput gain out of multiple points should be used as metric to decide N.
(Note: if Option 2 used, one out of multiple points should be chosen for the test in order to reduce the test cost)

The detailed examples for each step are given as follows.
2.1.1 Step1, choose the typical UE sets of interest
Aligned with eICIC demodulation testing case, three typical UE sets of interest could be evaluated as a starting point, which are

· 50%-ile Pico CRE UE (for PDSCH TM-2 test cases)
· 50%-ile Pico non-CRE UE (for PDSCH rank-2 test cases)
· 5% Pico UE (for control channels)
In the following section, the case of 50%-ile Pico CRE UE with N=2 is taken for an example. For other UE of interest and N=3, the similar method will be used. 
In Figure 1, the CDF-es of Es/Iot for different UE sets of interest are given. From Figure 1, it is observed that the targeting Es/Iot = -7dB for 50%-ile Pico CRE UE.
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Figure 1 CDF of Es/Iot for different kinds of UE of interest
2.1.2 Step2, Get the interference levels for each UE set

We log all the UEs falling in the window around Es/Iot = -7dB and plot the 2-D figures to show the relations between Es/Noc2 and I1/Noc2 and that between Es/Noc2 and I2/Noc2 in Figure 2. As observed the values of Es/Noc2 is distributed from 0dB to 20dB and I1/Noc2 and I2/Noc2 are also distributed widely.
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Figure 2 Distribution of I1/Noc2 and I2/Noc2 conditioned on 50%-ile Es/Iot for determining the typical interference levels
If using Option 2 where several typical UE distribution points will be chosen, we can divide the whole space into three sub-spaces with equal probability as shown in Figure 2. Then average the SNR and interference-to-noise ratio. In Table 1 we give the calculated values.
Table 1: Interference level for the case of 50%-ile Pico CRE UE and N=2 (three typical points)
	Testing case
	Signal and interference levels (dB)

	
	Es/Noc2
	I1/Noc2
	I2/Noc2

	1
	0.5
	4.8
	-2.5

	2
	4.2
	9.4
	0.9

	3
	11.7
	17.7
	4.5


If Option 1 is used, only one point will be obtained, which may approximate the test case #2.
2.1.3 Step3, link level simulation 

Based on the signal and interference levels given in the Table1of Step2, we need decide the proper transmission mode and MCS accordingly. And still we suggest using [70%] relative throughput as starting point for the initial study. In Table 2, we provide the initial table in order to capture the proper transmission modes and MCS for each potential test case, assuming Option 2 used in Step2.
Table 2: Simulation assumptions for the set of 50%-ile Pico CRE UE and N=2 (three typical points)

	Testing case
	Signal and interference levels (dB)
	TM mode
	MCS

	
	Es/Noc2
	I1/Noc2
	I2/Noc2
	
	

	1
	0.5
	4.8
	-2.5
	[TM2]
	[QPSK 1/x]

	2
	4.2
	9.4
	0.9
	[TM3]
	[16QAM 1/y]

	3
	11.7
	17.7
	4.5
	[TM3]
	[16QAM 1/z]


Run the link level simulation for each candidate test cases by using CRS-cancelling receiver, and compare the resulted throughput at desired Es/Noc2 to that of normal receiver and calculating the throughput gain for CRS-cancelling receiver. Since Option 2 in Step2, i.e., selecting the multiple typical points, is used, the averaged throughput gain will be used as the metric.

2.1.4 Step4, Determine the interference level

With the simulation results of the throughput gain of different maximum cancelled interfere number, we can compare the averaged throughput gain with respect to different maximum cancelling number of N = 1, 2, and 3. Note that the SNR and interference levels would vary with different N. If the gain for N+1 was much larger than that for N, then it would be justified that N+1was the typical number. Otherwise, N is sufficient.

2.1.5 Proposals
Based on the conditional statistics from the system simulation, we propose to choose the typical case to determine the SNR and interference levels together with MCS for the FeICIC demodulation. And another way is to choose the corner case for the test, for example, choosing two strong interference levels for the requirements. The purpose would be to obtain the significant gain relative to the receiver without CRS-cancelling. But according to our simulations in [3], the gain is also significant when the interference levels as shown in Table2 are used.
In sum, we propose:

Proposal 1: Each company should align their simulations to decide the maximum number of cancelled dominant macro interference cells and interference level for evaluation of the CRS-cancelling receiver, and the methodology proposed in this contribution is suggested to be adopted.
According to the analysis and simulation results in this contribution and in [3], we observe that

Observation 1: the maximum number of cancelled dominant macro interference cells should be set to 2 for the FeICIC demodulation test cases using CRS-cancelling.
2.2 CRS configuration for FeICIC testing cases 
Assuming that N=2 is acceptable, we list some possible combinations of the dominant macro interference cells and pico serving cell according to whether CRS is colliding or not in Table 3. There are five different cases for serving and two aggressor cells. The different CRS configurations have different impacts on the CRS handling performance. 
Table 3: Optional CRS configurations when N=2
	Case ID
	Descriptions
	Cell ID (example)

	
	
	Stronger Macro cell
	Weaker Macro cell
	Pico serving cell

	Case 1
	CRS-s of Macro and Pico cell are colliding
	1
	7
	13

	Case 2
	CRS-s of Macro cells are colliding; CRS of Pico does not collide with Macro CRS-s
	1
	7
	2

	Case 3
	CRS-s of all the cells are non-colliding
	1
	2
	3

	Case 4
	CRS-s of Macro cells are non-colliding; Pico CRS collides with the stronger Macro cell CRS
	1
	2
	7

	Case 5
	CRS-s of Macro cells are non-colliding; Pico CRS collides with the weaker Macro cell CRS
	1
	2
	8


The following principles are suggested to be followed when choosing the CRS configurations for demodulation testing cases:
· Both typical and worst cases should be taken into consideration;
· Both CRS colliding and non-colliding configurations should be considered for the dominant Macro cells;

· Both CRS colliding and non-colliding (between Macro and Pico cell) should be taken into consideration.  This consistence had been reached in RAN4 62 meeting R4-122185.
2.3 PBCH interference cancellation
PBCH IC (PBCH interference cancellation) would be a good optional solution to ensue the PBCH demodulation performance when large CRS bias is configured. In this section, we try to do some simulations for investigating the performance gain of PBCH IC, which could be helpful for discussion.

For simplicity, here we just assume one strong PBCH co-channel interference with three different interference levels (I1/Es) of  0/5/10dB representing weak, medium and strong interference scenarios.  It should be mentioned that considering the maximum 9dB CRE bias and possible handover margin, we set the maximum power of PBCH of the aggressor cell to be 10dB higher than the power of serving cell PBCH. Both CRS colliding and non-colliding scenarios are evaluated. The detailed simulation assumptions are given in appendix.
When implementing PBCH-IC, we firstly demodulate the interference PBCH signal every 40ms, and meanwhile conduct the CRS IC every subframe for both CRS colliding and non-colliding cases. Then if CRC of interference cell PBCH is correct, the interference cell PBCH will be cancelled. 

The simulation results are shown in Figure 3 and Figure 4. From the figure3 and figure4, it could be observed that
· Without PBCH-IC, the performance of PBCH will degrade due to the potential strong PBCH interference (such as 10dB I/S interference) in FeICIC scenarios.

· PBCH IC can efficiently cancel PBCH interference and improve the PBCH demodulation performance significantly (based on current simulation, there are only 0.5dB~1dB loss using PBCH-IC under PBCH co-channel interference scenario compared to PBCH interference free scenario). 
Observation 2: PBCH-IC can significantly improve the PBCH demodulation performance under FeICIC sencario.
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Figure 3 Performance of PBCH IC when CRS non-colliding
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Figure 4 Performance of PBCH IC when CRS colliding

2.4 MIMO processing
In this section, we will shortly provide our views on the MIMO equalizer. We propose that the new requirements for FeICIC should consider MMSE-IRC receiver and do not punish it.
Proposal 2: the demodulation and CSI requirements for FeICIC should be receiver-agonistic. 
3 Conclusion
Based on the above analysis and results, we summarize our proposals and observations. 

For the FeICIC test cases, the following principles should be taken into account:

· Both typical and worst cases should be taken into consideration;
· Both CRS colliding and non-colliding configurations should be considered for the dominant Macro cells;

· Both CRS colliding and non-colliding (between Macro and Pico cell) should be taken into consideration.  This consistence had been reached in RAN4 62 meeting R4-122185.
Regarding the maximum cancelled interferer number and interference levels, we propose that
Proposal 1: Each company should align their simulations to decide the maximum number of cancelled dominant macro interference cells and interference level for evaluation of the CRS-cancelling receiver, and the methodology proposed in this contribution is suggested to be adopted.
Observation 1: the maximum number of cancelled dominant macro interference cells should be set to 2 for the FeICIC demodulation test cases using CRS-cancelling.

Regarding the PBCH-IC, we observe that

Observation 2: PBCH-IC can significantly improve the PBCH demodulation performance under FeICIC scenario.

For the MIMO processing in FeICIC, we propose that
Proposal 2: the demodulation and CSI requirements for FeICIC should be receiver-agonistic.
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5 Appendix: Simulation assumption for PBCH IC
Being similar with PDSCH IC testing case, the simulation assumptions of PBCH IC in this contribution are listed as blew: 

Table 4: Test Parameters for PBCH

	Parameter
	Unit
	Cell 1
	Cell 2

	Interference level (
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)
	dB
	-
	0/5/10 dB

	Time Offset between Cells
	[(s]
	0
	2.5 (synchronous cells)

	Cell Id
	
	1
	2 and 7

	Channel configuration
	
	2X2 Low， EVA5

	Bandwidth
	MHz
	1.4MHz

	PBCH Receiver
	
	Demodulation based on 4 subframes

	Physical channel
	
	Only CRS and PBCH exist
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