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1 Introduction

The reference receiver for FeICIC demodulation had been discussed in the contributions [1] and [2] in RAN4 #63 and #63bis meetings. In this contribution, the link level simulation results for both control and data channels are provided based on our suggested interference level and other configurations. Based on the results, we will give the proposals on the FeICIC demodulation testing.
2 Reference receiver of FeICIC
2.1 Number of aggress cell and interference levels for CRS-IC
In [1] and [2] we discussed the methodology to determine the number of cancelled interferers (N) and the interference levels, which is given in details in Annex. Following that methodology, we provided both system and link level simulation results by assuming 1, 2 and 3 interferers explicitly modelled and comparing the performance with no CRS cancellation to those with the cancellation of different number of interferers. 

According to our analysis, for most typical cases where 50% conditional percentile is used for selection of interference side conditions, cancelling two interferers could provide significant gains relative to no interference cancellation and one interferer cancellation. So we suggest that

· Proposal 1: it is suggested that two aggressor macro cells should be explicitly modelled and cancelled by the FeICIC capable UE (N=2).

· Proposal 2: In order to obtain the interference levels, it is suggested that the statistics of 50%-ile Pico CRE UE should be used for PDSCH TM2 cases, 50%-ile Pico non-CRE UE for PDSCH TM3 rank-2 cases and 5% Pico CRE UE for control channel. 
In Table 1, three kinds of UE interesting sets and their corresponding interference levels for typical cases are summarized.
Table 1: Interference level three kinds of interested UE

	UE interested
	Interference level (dB)

	
	Es/Noc2
	I1/Noc2
	I2/Noc2

	50%-ile Pico CRE UE
	4.2
	9.4
	0.9

	50%-ile Pico non-CRE UE
	13.8
	9
	2.3

	5% Pico CRE UE
	-0.8
	8.1
	2


Except for our proposals, it was also proposed to use corner cases to determine the interference levels, where 20% differential SNR between the strongest and second dominant interferers was used. In that way, two relative strong interference levels will be selected.
Which one should be used depends on the further study and discussion.
2.2 CRS configurations for FeICIC demodulation testing
In [2] we list all the possible CRS configurations for Macro cells and Pico cell assuming two interferers to be cancelled, which is shown in Table 2.  To reduce the final test cases, the principles were suggested for choosing the CRS configurations for demodulation test 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;
And as agreed in [3], it implies that both CRS colliding and non-colliding (between Macro and Pico cell) might need to be taken into consideration.  
Table 2: Possible CRS configurations for Macro cells and Pico cell assuming two interferers to be cancelled
	Case ID
	Descriptions
	Cell ID (example)

	
	
	P
	SM
	WM

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

[(P,SM), (P,WM), (SM, WM)] = (C, C, C)
	1
	7
	13

	Case 2
	CRS-s of Macro cells are colliding; CRS of Pico does not collide with Macro CRS-s:
[(P,SM), (P,WM), (SM, WM)] = (N, N, C)
	1
	2
	8

	Case 3
	CRS-s of all the cells are non-colliding:
[(P,SM), (P,WM), (SM, WM)] = (N, N, N)
	1
	2
	3

	Case 4
	CRS-s of Macro cells are non-colliding; Pico CRS collides with the stronger Macro cell CRS:
[(P,SM), (P,WM), (SM, WM)] = (C, N, N)
	1
	7
	2

	Case 5
	CRS-s of Macro cells are non-colliding; Pico CRS collides with the weaker Macro cell CRS:
[(P,SM), (P,WM), (SM, WM)] = (N, C, N)
	1
	2
	7

	Where C means colliding and N means non-colliding; and P means Pico serving cell, SM means Stronger Macro cell and WM means Weaker Macro cell


From the perspective of the CRS cancellation implementation of Pico UE, the scenarios can be divided into CRS colliding cases including (C, C, C), (C, N, N) and (N, C, N) and non-colliding cases including (N, N, N) and (N, N, C). For the CRS colliding cases, (C, C, C) would be more challenging from the channel estimation point of view. For the CRS non-colliding cases, the puncturing performance under (N, N, N) might be much worse, while (N, N, C) would be more favorable for the CRS puncturing operation. 
Therefore, if the assumption of two cancelled interferers was acceptable, we list our suggested CRS configuration as blew. 

Table 3: Suggested CRS configurations for evaluation assuming two interferers to be cancelled
	Case ID
	Descriptions
	Cell ID (example)

	
	
	P
	WM
	SM

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

[(P,SM), (P,WM), (SM, WM)] = (C, C, C)
	1
	7
	13

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

[(P,SM), (P,WM), (SM, WM)] = (N, N, C)
	1
	2
	8

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

[(P,SM), (P,WM), (SM, WM)] = (N, N, N)
	1
	2
	3

	Where C means colliding and N means non-colliding; and P means Pico serving cell, SM means Stronger Macro cell and WM means Weaker Macro cell


3 Link simulation results of CRS IC
3.1 Basic simulation assumptions

In this section, we will give the link level simulation results for the cases for evaluation listed in Table 3. And as shown in Table 1, the interference level setting for 50%-ile Pico CRE UE and 50%-ile Pico non-CRE UE is quite similar. So to simplify the simulation work, we use only one setting for both PDSCH TM2 and TM3 rank-2 test cases. Table 4 summarizes the interference level setting for control and data channel simulation.
Table 4: summary of interference level for different UE interests and different channel
	Testing case
	Interference level (dB)
	Channel 

	
	Es/Noc2
	I1/Noc2
	I2/Noc2
	

	50%-ile Pico CRE UE
	4.2
	9.4
	0.9
	· PDSCH TM2
· PDSCH TM3

	5% Pico CRE UE
	-0.8
	8.1
	2
	· PDCCH/PCFICH
· PHICH


Since the interference MBSFN-ABS is easier to be handled, we mainly focus on the non-MBSFN-ABS cases. We slightly prefer no MBSFN-ABS test cases, since the scenario is not challenging and there are MBSFN-ABS test cases in Rel-10.
3.2 Control channel
3.2.1 PDCCH/PCFICH
In Table 5, we give the common simulation assumptions for PDCCH/PCFICH. And Figure 1~Figure 3 show the link level simulation results for PDCCH/PCFICH by cancelling two interferers.
Table 5: Common simulation assumptions for Link level simulation for PDCCH/PCFICH
	Parameter
	Pico serving cell
	Stronger Macro cell
	Weaker macro cell

	BW
	10 MHz

	PDCCH configuration
	DCI length: 47 ( including CRC);  Aggregation level: 8
	N/A
	N/A

	Channel configuration
	EVA5, 2X2 Low

	CRS configuration (Cell ID)
	1
	7
	13

	
	1
	2
	8

	
	1
	2
	3

	Time offset
	N/A
	2.5μs
	2.5μs

	Control OFDM symbols
	3 OFDM symbol for PDCCH

	PHICH duration
	Extended; but the joint PCFICH and PDCCH decoding

	ABS configuration
	non-MBSFN ABS with following ABS pattern: [00000100 00000100 00000100 01000100 00000100]
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Figure 1: Link level simulation results of CRS handling for PDCCH/PCFICH Case 1 (C, C, C)
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Figure 2 Link level simulation results of CRS handling for PDCCH/PCFICH Case 2 (N, N, C)
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Figure 3 Link level simulation results of CRS handling for PDCCH/PCFICH Case 3 (N, N, N)
From above figures, it could be seen that:

· CRS interference greatly deteriorate PDCCH/PCFICH demodulation performance;
· CRS cancellation can effectively improve the demodulation performance of PDCCH/PCFICH when two interferers are cancelled.

3.2.2 PHICH

In Table 6, we give the common simulation assumptions for PHICH. And Figure 4~Figure 6 show the link level simulation results for PHICH by cancelling two interferers.

Table 6: Common simulation assumptions for Link level simulation for PHICH
	Parameter
	Pico serving cell
	Stronger Macro cell
	Weaker macro cell

	BW
	10 MHz

	Channel configuration
	EVA5, 2X2 Low

	CRS configuration (Cell ID)
	1
	7
	13

	
	1
	2
	8

	
	1
	2
	3

	Time offset
	N/A
	2.5μs
	2.5μs

	Control OFDM symbols
	3 OFDM symbol for PDCCH

	PHICH duration
	Extended

	ABS configuration
	non-MBSFN ABS with following ABS pattern: [00000100 00000100 00000100 01000100 00000100]
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Figure 4: Link level simulation results of CRS handling for PHICH Case 1 (C, C, C)
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Figure 5 Link level simulation results of CRS handling for PHICH Case 2 (N, N, C)
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Figure 6 Link level simulation results of CRS handling for PDCCH/PCFICH Case 3 (N, N, N)
Similar to PDCCH/PCFICH, the following observation can be gotten from these results:
· CRS cancellation can effectively improve the demodulation performance of PHICH channel when two interferers are cancelled.
3.3 Data channel

In Table 7, we give the common simulation assumptions for PDSCH. Figure 7~Figure 9 show the link level simulation results for PDSCH TM2 by cancelling two interferers. Figure 10~Figure 12 show the link level simulation results for PDSCH TM3 rank-2 by cancelling two interferers. For TM2 SFBC, we puncture the SFBC RE pairs.
Table 7: Common simulation assumptions for Link level simulation for PDSCH

	Parameter
	Pico serving cell
	Stronger Macro cell
	Weaker macro cell

	BW
	10 MHz

	Transmission mode
	· TM2 SFBC

· TM3, rank == 2

	Channel configuration
	· TM2: EVA5, 2X2 medium

· TM3: EVA5, 2X2 low

	CRS configuration (Cell ID)
	1
	7
	13

	
	1
	2
	8

	
	1
	2
	3

	Time offset
	N/A
	2.5μs
	2.5μs

	Control OFDM symbols
	2 OFDM symbol for PDCCH

	ABS configuration
	non-MBSFN ABS 

	OLLA
	OLLA is used and target BLER = 0.1

	AMC
	With CQI, PMI adaptation and fixed RI = 1 for TM2 and RI=2 for TM3
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Figure 7: Link level simulation results of CRS handling for PDSCH TM2 Case 1 (C, C, C)
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Figure 8 Link level simulation results of CRS handling for PDSCH TM2 Case 2 (N, N, C)
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Figure 9 Link level simulation results of CRS handling for PDSCH TM2 Case 3 (N, N, N)
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Figure 10: Link level simulation results of CRS handling for PDSCH TM3 rank-2 Case 1 (C, C, C)
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Figure 11 Link level simulation results of CRS handling for PDSCH TM3 rank-2 Case 2 (N, N, C)
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Figure 12 Link level simulation results of CRS handling for PDSCH TM 3 rank-2 Case 3 (N, N, N)
It could be observed from above figures that:

· The demodulation performance with CRS cancellation can be effectively improved in the low and medium SNR region, while the performance gain with CRS cancellation compared to without CRS cancellation will be decreased gradually in high SNR region due to the difficult to re-construct the interference signal;
· The puncture receiver could also improve the performance under the CRS interference scenario compared to without interference handling. But the performance improvement is not robust. In most cases, the performance gain of puncture receiver is lower that with CRS cancellation.
As expected, in case of (N, N, C) the puncture receiver performance for the PDSCH TM3 rank-2 case seem acceptable, because the discarded RE number is lower than other CRS configurations.
3.4 Summary

In this section, we provide simulation results for both control channel and data channel. From the simulation results, we can find that 
· Observation 1: CRS cancellation can significantly and robustly improve the demodulation performance;
· Observation 2: Puncture receiver is useful for some scenario, but generally the performance is worse than CRS cancellation and in high SNR region the performance of puncture receiver may be worse than without interference handling.
Based on the observations, we slightly prefer to use CRS cancellation receiver as reference receiver for all the demodulation cases.
And the little difference in the algorithm for CRS cancellation will lead to a large gap of the performances. It would be quite challenging to align the simulation results from companies. So in order to progress, we suggest that the group need start the discussion on FeICIC demodulation parallel to RRM session.
4 Conclusion
Based on the above analysis and results, we summarize our proposals and observations. 

· Proposal 1: it is suggested that two aggressor macro cells should be explicitly modelled and cancelled by the FeICIC capable UE (N=2).

· Proposal 2: In order to obtain the interference levels, it is suggested that the statistics of 50%-ile Pico CRE UE should be used for PDSCH TM2 cases, 50%-ile Pico non-CRE UE for PDSCH TM3 rank-2 cases and 5% Pico CRE UE for control channel. 

For the simulation cases, we suggest the following CRS configuration.
Table 3: Suggested CRS configurations for evaluation assuming two interferers to be cancelled

	Case ID
	Descriptions
	Cell ID (example)

	
	
	P
	WM
	SM

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

[(P,SM), (P,WM), (SM, WM)] = (C, C, C)
	1
	7
	13

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

[(P,SM), (P,WM), (SM, WM)] = (N, N, C)
	1
	2
	8

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

[(P,SM), (P,WM), (SM, WM)] = (N, N, N)
	1
	2
	3

	Where C means colliding and N means non-colliding; and P means Pico serving cell, SM means Stronger Macro cell and WM means Weaker Macro cell


Based on the simulation results, we observe that
· Observation 1: CRS cancellation can significantly and robustly improve the demodulation performance;

· Observation 2: Puncture receiver is useful for some scenario, but generally the performance is worse than CRS cancellation and in high SNR region the performance of puncture receiver may be worse than without interference handling.

5 References
[1] Huawei, HiSilicon, R4-122478, “Suggested parameters for FeICIC demodulation testing under 9dB bias”, 3GPP TSG RAN WG4 meeting #63
[2] Huawei, HiSilicon, R4-63AH-0123, “Reference receiver for FeICIC demodulation and CSI tests”, 3GPP TSG RAN WG4 meeting #63AH

[3] Qualcomm, R4-122185, “FeICIC Baseline Receiver Assumptions”, 3GPP RAN4 meeting #62bis
[4] Huawei, HiSilicon, R4-122478, “Suggested parameters for FeICIC demodulation testing under 9dB bias”, 3GPP TSG RAN WG4 meeting #63
6 Appendix
6.1 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 [4] and the current existing specification. On top of the method proposed in [4], 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.

6.1.1 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 13, the CDF-es of Es/Iot for different UE sets of interest are given. From Figure 13, it is observed that the targeting Es/Iot = -7dB for 50%-ile Pico CRE UE.
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Figure 13 CDF of Es/Iot for different kinds of UE of interest
6.1.2 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 14. 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 14 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 14. Then average the SNR and interference-to-noise ratio. In Table 8 we give the calculated values.

Table 8: 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.
6.1.3 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 9, 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 9: 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.

6.1.4 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.

6.1.5 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 [4], the gain is also significant when the interference levels as shown in Table2 are used.

In sum, we propose that 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 [4], we observe that the maximum number of cancelled dominant macro interference cells should be set to 2 for the FeICIC demodulation test cases using CRS-cancelling.
