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1. Introduction
In RAN4#67, progress has been made to further resolve open items in the simulation assumptions for FeICIC demodulation:
· FFS whether to introduce TM3 test cases with MBSFN ABS ( decided not to introduce test case
· Evaluate the feasibility of introduction of high SNR test case ( still open
· Evaluate the following two options to justify the feasibility of introduction of the test and make decision in the next meeting
· Option 1: Reuse TM3 with lower interference level
· Option 2: Reuse TM3 using high order MCS
· CRS configuration for PDSCH (All TMs) ( decided on CN for TM2 and TM6, and NC for TM3

· FRC for PDSCH TM2 ( decided to use QPSK 1/2
· Test metric for PDSCH TM3 ( decided to use 70% relative to peak throughput

These assumptions were agreed and captured in a CR [1]. Adhoc minutes are captured in [2]. Additional demodulation WF are captured in [3] for CRS configuration of TM3.
The remaining open items for FeICIC demodulation test cases are:

· Introduce the high SNR test case for FeICIC.

·  Option 1: lower the interference levels for both aggressor cells (D1/Noc1 = 5, D2/Noc1 = 3); define the minimum requirements with no CRS-IC. The MCS is the same as TM3 test case. The CRS configuration is the same as TM3 test cases.
·  Option 2: use R.35 and lower the interference level of the 2nd aggressor cell. (D1/Noc1 = 9dB, D2/Noc1=1dB). The CRS configuration is the same as TM3 test cases.
In this contribution, updated link level simulation results for FeICIC demodulation are presented. The 2 options for the high SNR TM3 cases are also studied and a proposal on the WF is presented.
2. Simulation Assumptions and Terminology
Detailed simulation assumptions for the results in this paper are presented in [1].
The following assumptions were used for the TM2 simulations:

· CN Configuration

· FRC R.11-4 FDD

· EVA5 2x2 Medium Correlation

· D1/Noc1 = 12dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 =  3 μs, 300 Hz, D2 =  -1 μs, -100 Hz

The following assumptions were used for the TM3 simulations:

· NC Configuration

· FRC R.11 FDD

· EVA5 2x2 Low Correlation

· D1/Noc1 = 9dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz

The following assumptions were used for the TM6 simulations:

· CN Configuration

· FRC R.11 FDD

· EPA5 2x2 High Correlation
· D1/Noc1 = 12dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz

The following assumptions were used for the joint PCFICH/PDCCH:

· FRC R.15-2 FDD (new channel R.15-1 FDD with 2 symbols for control)
· EVA5 2x2 Low Correlation
· Aggregation level = 8 CCEs

· D1/Noc1 = 5dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz

The following assumptions were used for the joint PHICH:

· FRC R.19 FDD with 2 control symbols

· Serving: EPA5 2x2 Low Correlation

· Aggressors: EVA5 2x2 Low Correlation
· Normal PHICH duration
· D1/Noc1 = 5dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz
Terminology:

· CN: means strongest aggressor has colliding CRS and second strongest aggressor has non-colliding CRS

· NC: means strongest aggressor has non-colliding CRS and second strongest aggressor has colliding CRS

· 0 cell IC: means UE is not doing CRS-IC for any of the aggressor cells

· 1 cell IC: means UE is doing CRS-IC on the strongest aggressor only, second aggressor is not canceled
· 2 cell IC: means UE is doing CRS-IC on both aggressor cells
3. PDSCH Demodulation

Simulation results for PDSCH TM2, TM3 and TM6 demodulation are shown in figures 3.1, 3.2, and 3.3 respectively. Their respective Es/Noc2 values at 70% peak ABS SF throughput are shown in Tables 3.1, 3.2 and 3.3.
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Figure 3.1: PDSCH TM2 Demodulation
	Table 3.1: TM2 Es/Noc2 values at 70% peak ABS SF throughput
Scenario

Es/Noc2 (dB) @ 70% Peak Tput

TM2 R.11-4 FDD EVA5M

Absolute Value

Delta from 2cell IC

0 cell IC - CN

8.38

7.29

1 cell IC - CN

4.41

3.32

2 cell IC - CN

1.09

NA
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Figure 3.2: PDSCH TM3 Demodulation
	Table 3.2: TM3 Es/Noc2 values at 70% peak ABS SF throughput
Scenario

Es/Noc2 (dB) @ 70% Peak Tput

TM3 R.11 FDD EVA5L

Absolute Value

Delta from 2cell IC

0 cell IC - NC

14.37

3.1

1 cell IC - NC

13.54

2.27

2 cell IC - NC

11.27

NA
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Figure 3.3: PDSCH TM6 Demodulation
	Table 3.3: TM6 Es/Noc2 values at 70% peak ABS SF throughput
Scenario

Es/Noc2 (dB) @ 70% Peak Tput

TM6 R.11 FDD EPA5H

Absolute Value

Delta from 2cell IC

0 cell IC - CN

10.30

6.42

1 cell IC - CN

6.59

2.71

2 cell IC - CN

3.88

NA




From the data in table 3.1, it can be seen that for TM2 70% peak throughput is achieved at 1.09 dB Es/Noc2, slightly outside the operating region for CRE. 
For TM3, 70% of the peak throughput is achieved at 11.27 dB Es/Noc (table 3.2). 

For TM6, 70% of the peak throughput is achieved at 3.88 dB Es/Noc (table 3.3). 

4. Control Channel Demodulation

Simulation results for joint PCFICH/PDCCH (normal ABS SF), PCFICH/PDCCH (MBSFN ABS SF), and PHICH demodulation are shown in figures 4.1, 4.2, and 4.3 respectively. Their respective Es/Noc2 values at which the RAN4 requirements are achieved are shown in Tables 4.1, 4.2, and 4.3.
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Figure 4.1: PCFICH/PDCCH (Normal ABS SF)
	Table 4.1: Es/Noc2 values for Joint PCFICH/PDCCH (Normal ABS SF) at 1% ABS SF Pm-dsg
Scenario

PDCCH Normal ABS SF
Es/Noc2 (dB) @ 1% Pm-dsg

R.15-2 FDD EVA5L

Absolute Value

Delta from 2cell IC

0 cell IC - CN

-2.30

2.62

1 cell IC - CN

-3.59

1.33

2 cell IC - CN

-4.92

NA
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Figure 4.2: PCFICH/PDCCH (MBSFN ABS SF)
	Table 4.2: Es/Noc2 values for Joint PCFICH/PDCCH (MBSFN ABS SF) at 1% ABS SF Pm-dsg
Scenario

PDCCH MBSFN ABS SF
Es/Noc2 (dB) @ 1% Pm-dsg

R.15-2 FDD EVA5L

Absolute Value

Delta from 2cell IC

0 cell IC - CN

-2.41

2.75

1 cell IC - CN

-3.45

1.71

2 cell IC - CN

-5.16

NA
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Figure 4.3: PHICH Demodulation
	Table 4.3: PHICH Es/Noc2 values at 0.1% ABS SF Pm-an

Scenario

PHICH
Es/Noc2 (dB) @ 0.1% Pm-an

R.19 Serving: EPA5L, Agg: EVA5L

Absolute Value

Delta from 2cell IC

0 cell IC - CN

5.70

3.54

1 cell IC - CN

5.03

2.87

2 cell IC - CN

2.16

NA




5. High SNR Case
The main purpose of this test case is to ensure adequate performance for CRS-IC capable UEs at high SNR values where the serving power level far exceeds the aggressor interferer level. In these scenarios the aggressor channel estimate will become noisy and can affect the cancellation process and can degrade performance. 

This test case is critical to catch bad implementations where the UE is still doing CRS-IC even if the aggressor channel is noisy and not reliable enough for the cancellation process. The UE should be able to switch off CRS-IC if it is degrading the performance. 
In RAN4#67, it was decided to introduce a high SNR test case, but the details of which are still open as 2 options were proposed for study:

·  Option 1: lower the interference levels for both aggressor cells (D1/Noc1 = 5, D2/Noc1 = 3); define the minimum requirements with no CRS-IC. The MCS is the same as TM3 test case. The CRS configuration is the same as TM3 test cases.
· Option 2: use R.35 and lower the interference level of the 2nd aggressor cell. (D1/Noc1 = 9dB, D2/Noc1=1dB). The CRS configuration is the same as TM3 test cases.
In this section we present simulation results for the 2 options, with these settings:

	Option 1:

· NC Configuration

· FRC R.11 FDD

· EVA5 2x2 Low Correlation

· D1/Noc1 = 5dB, D1/D2 = 2dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz
	Option 2:

· NC Configuration

· FRC R.35 FDD

· EVA5 2x2 Low Correlation

· D1/Noc1 = 9dB, D1/D2 = 8dB
· Noc1 = Noc2 = -98 dBm/15KHz, Noc3 = -93 dBm/15KHz

· Aggressor offsets: D1 = 3 μs, 300 Hz, D2 = -1 μs, -100 Hz


Figures 5.1 and 5.2 show the simulation results for Option 1 (lower interferer level) and Option 2 (higher order MCS), respectively. Respective Es/Noc2 values for the 2 cases at 70% peak ABS SF throughput are shown in table 5.1 and 5.2.
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Figure 5.1: TM3 High SNR Option 1
	Table 5.1: TM3 High SNR (Option 1) Es/Noc2 values at 70% peak ABS SF throughput

Scenario

Es/Noc2 (dB) @ 70% Peak Tput

TM3 High SNR
Option 1 R.11 FDD EVA5L
D1/Noc1 = 5dB, D1/D2 = 2dB

Absolute Value

Delta from 2cell IC

0 cell IC - NC

12.43

1.46

1 cell IC - NC

11.76

0.79

2 cell IC - NC

10.97

NA
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Figure 5.2: TM3 High SNR Option 2
	Table 5.2: TM3 High SNR (Option 2) Es/Noc2 values at 70% peak ABS SF throughput

Scenario

Es/Noc2 (dB) @ 70% Peak Tput

TM3 High SNR
Option 2 R.35 FDD EVA5L
D1/Noc1 = 9dB, D1/D2 = 8dB

Absolute Value

Delta from 2cell IC

0 cell IC - NC

19.37

2.46

1 cell IC - NC

17.22

0.31

2 cell IC - NC

16.91

NA




The aim of this test is not in verifying the gain of CRS IC. The main goal here is verify that the UE is not using the IC capability blindly as previously discussed and hence hurting the performance.
In order to achieve this goal, it is desirable to have a more challenging IC scenario where the UE’s performance can degrade if not having the correct algorithms.
From the data above it can be seen that the difference between 2-cell IC and 1-cell IC for option 2 is almost negligible. This due to the much lower power level of the 2nd colliding aggressor. The performance of a UE with sub-optimal implementation will suffer from the noisy channel estimate of the 2nd colliding aggressor cell and its performance will be worse than the 1-cell IC case. Option 2 can verify that the UE is implementing the right algorithms to “separately” handle both aggressors properly. Option 1 on the other hand can only verify the UE is properly handling “all” aggressors. Hence option 2 can be a better choice.
Another advantage of choosing option 2 is the use of 64QAM modulation scheme which can be verified implicitly within this test case.
Proposal 2: For TM3 high SNR test case, use Option 2: use R.35 and lower the interference level of the 2nd aggressor cell. (D1/Noc1 = 9dB, D2/Noc1=1dB). The CRS configuration is the same as TM3 test cases.
6. Conclusions
In this contribution we provided link level simulation results for FeICIC demod based on agreements from RAN4#67 as well as proposals for the remaining open issues for demod, namely TM3 high SNR test case.
Proposal 1: Take our evaluation results into account for specifying RAN4 FeICIC demod requirements. The SNR values are listed in the tables. 
Proposal 2: For TM3 high SNR test case, use Option 2: use R.35 and lower the interference level of the 2nd aggressor cell. (D1/Noc1 = 9dB, D2/Noc1=1dB). The CRS configuration is the same as TM3 test cases.
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