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1 Introduction
In the last RAN4 meeting, quite a progress has been made on the FeICIC core requirement. Agreement was reached on side conditions for core requirements. Two interferers are explicitly modeled, and D1/Noc=4dB, D2/Noc=2dB, with Es/Noc = -4dB, which corresponds to Es/Iot = -11.07dB [1]. Steady progress has also been made for the FeICIC performance requirements, and a framework for demod and CSI requirements/tests were presented in [2]. There also have been several contributions over the past few meetings on proposing interferer side conditions and contributions showing the demod performance with CRS IC.
In this contribution we thoroughly investigate the gain of CRS-IC of either 1 or 2 aggressors and propose a methodology for choosing the aggressor levels for FeICIC demod requirements. 
2 Discussion
2.1 Control channel demod with 1 cell CRS-IC vs. 2 cell CRS-IC
In this section we show PCFICH demodulation performance under various setups.

Two different aggressor levels were used:

· (D1/Noc, D2/Noc) =(4dB,2dB)
·  (D1/Noc, D2/Noc) =(6dB,4dB)
And three different CRS collision scenarios were used:

· 1st aggressor with colliding CRS, 2nd aggressor with non-colliding CRS

· 1st aggressor with non-colliding CRS, 2nd aggressor with colliding CRS

· 1st aggressor with non-colliding CRS, 2nd aggressor with non-colliding CRS

For each scenario, we simulated two different UE implementations:

· 1 cell IC: CRS-IC of only 1st aggressor

· 2 cell IC: CRS-IC of both of the two aggressors

EVA 5Hz channel was used for all the simulations.
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Figure 1: PCFICH demodulation performance, with (D1/Noc, D2/Noc) =(4dB,2dB) and with 1 cell IC (upper left), with (D1/Noc, D2/Noc) =(4dB,2dB) and with 2 cell IC (upper right), with (D1/Noc, D2/Noc) =(6dB,4dB) and with 1 cell IC (lower left), with (D1/Noc, D2/Noc) =(6dB,4dB) and with 2 cell IC (lower right).
Figure 1 shows the PCFICH demodulation performance. It can be observed that with 1 cell IC, there is a loss of 1.7 dB in case of (D1/Noc, D2/Noc) =(4dB,2dB) and 2.6 dB loss in case of (D1/Noc, D2/Noc) =(6dB,4dB), compared to the case of 2 cell IC. In case of a normal PHICH duration, PCFICH decoding is required for the UE to obtain the CFI value, as without it the UE cannot proceed with proper PDCCH and PHICH demodulation. Thus, PCFICH decoding error should be kept at a small level, so that the decoding errors for PDCCH and PHICH are not dominated by the PCFICH decoding errors. Note that PDCCH and PHICH (ACK-to-NACK) BLER requirements are at 1% and 0.1%, respectively.
As we can see from the figure, the PCFICH BLER of 1% and 0.1% is achieved at -2.6 dB and -0.3 dB with (D1/Noc, D2/Noc) =(4dB,2dB) and at -1.8 dB and 0.7 dB with (D1/Noc, D2/Noc) =(6dB,4dB). These SNR levels are too high to properly cover CRE edge users and certainly much higher than the SNR=-4dB at which RLM is defined. With 2 cell IC, the SNR levels for meeting 1% and 0.1% becomes an acceptable level. Therefore, from the point of view of control channel robustness, it is necessary for the UE to cancel two aggressors.

Proposal 1a: From the control channel reliability point of view, FeICIC demod requirements should be defined based on 2 cell CRS-IC
2.2 PDSCH demod performance with 1 cell CRS-IC vs. 2 cell CRS-IC
To investigate the gain of CRS-IC of either 1 or 2 aggressors, we run system simulations to obtain the CRE UE distribution. Figure 2 shows scatter plots showing the joint distribution of (Es/Noc2, D1/Noc2, D2/Noc2), where each dot represents the triplet of (Es/Noc2, D1/Noc2, D2/Noc2) for a particular CRE UE. In fact, we actually generated the 6 parameter set (Es/Noc2, D1/Noc2, D2/Noc2, Es/Noc1, D1/Noc1, D2/Noc1) for each CRE UE, although we only show the marginal joint distribution of the (Es/Noc2, D1/Noc2, D2/Noc2) in the plots. Configuration #1 was used as the deployment scenario, with 4 pico nodes per macro area.
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Figure 2: Scatter plots for CRE UE distribution. Each plot is for D1/Noc2 vs. Es/Noc2 (upper left), D2/Noc2 vs. Es/Noc2 (upper right), D2/Noc2 vs. D1/Noc2 (lower left), and D2/Noc2 vs. D1/Noc2 vs. Es/Noc2 (lower right). 
Next, for each CRE UE we took the parameter set (Es/Noc2, D1/Noc2, D2/Noc2, Es/Noc1, D1/Noc1, D2/Noc1) and ran the following three link level simulations: (1) No CRS-IC, (2) CRS-IC of the strongest aggressor, and (3) CRS-IC of the two strongest aggressors. The link level simulations ran with the AMC outer loop enabled so that a proper MCS that gives 10% BLER is chosen for each simulation. Then the resulting throughput value was logged for each link level simulation. We ran the link level simulations for each and every CRE UE.
Figure 3 shows the resulting throughput for all CRE UEs with no CRS-IC, 1 aggressor CRS-IC, and 2 aggressor CRS-IC. The figure on the left shows the CDF of the throughput, and the figure on the right shows the CDF of the ratio of the throughput with either 1 or 2 aggressor CRS-IC to that of no-CRS IC.
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Figure 3: Throughput distribution of all CRE UEs with no CRS-IC, 1 aggressor CRS-IC, and 2 aggressor CRS-IC. The plot on the left shows the CDF of absolute throughput, while the plot on the right shows the CDF of the throughput ratio with respect to no CRS-IC.
From the figure on the right it is observed that the median throughput gain with 1 aggressor CRS-IC is around 45%, and the median throughput gain with 2 aggressor CRS-IC is around 65%. The additional 20% throughput gain achieved by cancelling the 2nd aggressor clearly shows the need of 2 cell CRS-IC.
Proposal 1b: From PDSCH demod performance point of view, FeICIC demod requirements should be defined based on 2 cell CRS-IC.
2.3 How to choose aggressor levels for demod tests

Next, we discuss how the aggressor levels for demod tests should be chosen. One approach taken by some companies was to choose the two aggressor levels based on 50%-ile CDF of the marginal distribution of D1/Noc2 and D2/Noc2. To investigate how this works, we collected all the CRE UEs having the 1st aggressor as colliding-CRS and the 2nd aggressor as non-colliding CRS and plotted their statistics in Figure 4. These statistics are based on system level simulations with configuration #1.
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Figure 4: CDF of all CRE UEs having the 1st aggressor as colliding-CRS and the 2nd aggressor as non-colliding CRS
Then, we pick a UE based on 50%-ile statistics. The resulting SNR values are shown in Table 1.
Table 1: SNR values based on 50%-ile values

	Es/Noc1
	Es/Noc2
	EI,1/Noc1
	EI,1/Noc2
	EI,2/Noc1
	EI,2/Noc2

	8dB
	7dB
	13dB
	12dB
	4dB
	3dB


Then, we ran link level simulations for the above choice with no CRS-IC, CRS-IC of the strongest aggressor, and CRS-IC of the two strongest aggressors. Table 2 shows the link level simulation results.

Table 2: Throughput for the UE chosen according to Table 1
	
	No CRS-IC
	1 aggressor CRS-IC
	2 aggressor CRS-IC

	Throughput
	6,484Kbps
	12,825Kbps
	13,365Kbps

	Throughput gain w.r.t. no CRS-IC
	-
	98%
	106%

	Throughput gain w.r.t. 1 aggressor CRS-IC
	-
	-
	4%


What we observe is that the chosen UE leads to a very large gain with the first aggressor IC but only a small additional gain with the second aggressor IC. This is quite expected as the chosen UE has a low level of EI,2/Noc. 

To understand what happened more closely, we overlaid these throughput values on top of the entire CRE UE throughput distribution curves shown earlier. The red markers in Figure 5 shows the resulting throughputs overlaid on top of the entire CRE UE throughput distribution. From the figure we observe that the chosen UE has a throughput ranking at around 60% with 1 cell IC, but the ranking drops to around 52% with 2 cell IC. In fact, the red arrow from 1 cell IC to 2 cell IC almost drops vertically. This is because the chosen UE does not benefit as much from the 2nd cell IC as some other UEs, and as a result its ranking with 2 cell IC is surpassed by other UEs whose throughput with 1 cell IC was lower than the chosen UE. Therefore, the chosen UE would be a very poor choice for discussing the gain with 2nd cell IC, and moreover it gives a very poor differentiation between 1 cell CRS-IC and 2 cell CRS-IC. That is, even if we define the demod test based on 2 cell CRS-IC with the chosen aggressor levels, UEs that perform only 1 cell CRS-IC will easily pass the test, because the difference in demod performance between 1 cell and 2 cell CRS-IC is only 4% for the UE.
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Figure 5: Throughput of a UE chosen based on 50%-ile CDF with no CRS-IC, 1 aggressor CRS-IC, and 2 aggressor CRS-IC . The throughput is marked on top of the entire CRE UE throughput distribution curves.
This example clearly illustrates why it is not a good idea to blindly choose the aggressor levels based on the 50%-ile CDF. Rather, the aggressor levels should be chosen such that the resulting test can clearly differentiate the UEs with 2 cell CRS-IC from the UEs with 1 cell or no CRS-IC.
Proposal 2: Aggressor levels for demod tests should be chosen such that they can clearly differentiate the UEs with 2 cell CRS-IC from UEs with 1 cell or no CRS-IC.
One example methodology for choosing better aggressor levels is to pick the 1st aggressor based on 50%-ile CDF, but in order to ensure a strong enough 2nd aggressor, choose 2nd aggressor based on 10%-ile of the ratio of D1 to D2. From the bottom right figure of Figure 4, it is seen that the 10%-ile of the D1/D2 ratio is around 2dB. Therefore, we could choose as in Table 3
Table 3: SNR values based on 50%-ile CDF for EI,1 and 10%-ile CDF for the ratio of EI,1 to EI,2.
	Es/Noc1
	Es/Noc2
	EI,1/Noc1
	EI,1/Noc2
	EI,2/Noc1
	EI,2/Noc2

	8dB
	7dB
	13dB
	12dB
	11dB
	10dB


Table 4 shows the corresponding link simulation results.

Table 4: Throughput gain for the UE chosen according to Table 3
	Throughput gain
	No CRS-IC
	1 aggressor CRS-IC
	2 aggressor CRS-IC

	w.r.t. No CRS-IC
	-
	86%
	133%

	w.r.t. 1 aggressor CRS-IC
	-
	-
	25%


With these choices, the throughput with 2 aggressor CRS-IC is sufficiently (25%) higher than the throughput with 1 aggressor CRS-IC. The throughput values are also marked as green markers on Figure 5. Compared to the vertical drop from 1 cell to 2 cell IC for the red arrow, the green arrow shows horizontal movement, which indicates that it is a more reasonable choice.
The illustration in this section focused on CRE UEs, which is relevant to TM2 tests. For TM3, a different UE population has to be considered, e.g. pico center UEs, to derive the SNR values.

Proposal 3: For demodulation and CSI tests the ES,I/Noc1 of the first aggressor level may be chosen based on X-percentile of the CDF, and the ES,I/Noc1 of the second aggressor level may be chosen based on 10%-ile of the CDF of the ratio of the two aggressor levels. X may be chosen as 50% for PDSCH demod and CSI and as 10% for PDCCH and PHICH demod tests. For TM2 tests the CDF may be based on CRE UEs, and for TM3 tests the CDF may be based on pico center UEs.
2.4 Demod and CSI tests framework
Below we discuss further considerations for defining the FeICIC demod and CSI tests.

FeICIC UEs are capable of CRS handling, and with proper handling of CRS interference, the difference from the impact of residual CRS interference between non-MBSFN ABS and MBSFN-ABS should be small. In fact, our previous simulations [3]

 REF _Ref336358420 \r \h 
[4] show that it is sufficient to define test cases only for non-MBSFN ABS, as the performance under MBSFN ABS is either equal or marginally better than that under non-MBSFN ABS.

Proposal 4: Define demod and CSI requirements/tests only for non-MBSFN ABS as much as possible. If necessary, define only a single MBSFN ABS test to functionally verify UE’s correct usage of MBSFN subframe information.
In eICIC, PCFICH demod was intentionally bypassed by configuring the extended PHICH duration, in which case the UE is guaranteed to have CFI=3 OFDM symbols and therefore does not need to decode PCFICH. The reason for that was because the PCFICH demodulation was not reliable due to CRS interference on symbol 0 which the baseline UE could not handle. In doing so, however, PCFICH demod is not tested, and therefore pico cell operation with CFI=1 or 2 is not properly guaranteed. This was not the case in Rel-8/9, where PDCCH and PHICH tests were defined with a normal PHICH duration and CFI=2. In FeICIC, as the UE should be able to handle CRS interference on symbol 0, it is proposed to use normal PHICH duration and CFI=2 as in Rel-8/9, so that pico operation with CFI=1 or 2 is properly ensured.
Proposal 5: Use the normal PHICH duration and CFI=2 OFDM symbols for PDCCH and PHICH requirements.
In Rel-10 eICIC, there was a rather bigger gap between Noc1 and Noc2 because only one aggressor was explicitly modelled and the CRS interference from all the other macros was still rather large. In Rel-11 FeICIC, as we explicitly model two aggressors, the CRS interference from all the other macros should be smaller. In fact, Figure 4 shows that the gap between Noc1 and Noc2 is just 1dB. Given the small difference, having different Noc1 and Noc2 values will only complicate the test setup without much added benefit. Furthermore, having different Noc1 and Noc2 will create the same CQI mismatch problem as in Rel-10 eICIC and will give difficulty in defining CQI BLER tests on ABS subframes and RI tests. Therefore, for FeICIC demod/CSI tests, we propose to ignore the additional interference on CRS symbols on ABS subframes. That is, set Noc2 equal to Noc1.
Proposal 6: For FeICIC demod/CSI tests, set Noc2 equal to be Noc1.
With the above in mind, we propose the following tests for FeICIC demod and CSI:

Proposal 7: Define the following tests for FeICIC demod/CSI:
· PDSCH

· Transmit diversity, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, non-MBSFN ABS (FDD,TDD)

· PDCCH/PCFICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PHICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PBCH

· Non-ABS (FDD,TDD)

· CQI

· CQI reporting under fading conditions, PUSCH 3-0, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· RI

· RI reporting test, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

3 Conclusions
Proposal 1: From both the control channel reliability and PDSCH demod performance points of view, FeICIC demod requirements should be defined based on 2 cell CRS-IC

Proposal 2: Aggressor levels for demod tests should be chosen such that they can clearly differentiate the UEs with 2 cell CRS-IC from UEs with 1 cell or no CRS-IC.

Proposal 3: For demodulation and CSI tests the ES,I/Noc1 of the first aggressor level may be chosen based on X-percentile of the CDF, and the ES,I/Noc1 of the second aggressor level may be chosen based on 10%-ile of the CDF of the ratio of the two aggressor levels. X may be chosen as 50% for PDSCH demod and CSI and as 10% for PDCCH and PHICH demod tests. For TM2 tests the CDF may be based on CRE UEs, and for TM3 tests the CDF may be based on pico center UEs.
Proposal 4: Define demod and CSI requirements/tests only for non-MBSFN ABS as much as possible. If necessary, define only a single MBSFN ABS test to functionally verify UE’s correct usage of MBSFN subframe information.
Proposal 5: Use the normal PHICH duration and CFI=2 OFDM symbols for PDCCH and PHICH requirements.
Proposal 6: For FeICIC demod/CSI tests, set Noc2 equal to be Noc1.
Proposal 7: Define the following tests for FeICIC demod/CSI:
· PDSCH

· Transmit diversity, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, non-MBSFN ABS (FDD,TDD)

· PDCCH/PCFICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PHICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PBCH

· Non-ABS (FDD,TDD)

· CQI

· CQI reporting under fading conditions, PUSCH 3-0, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· RI

· RI reporting test, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)
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