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1 Introduction

In recent RAN4 meetings, the core requirements of FeICIC have been introduced in TS 36.133 in Rel-11 version. For the radio link monitoring aspect, the performance of RLM with CRS interference cancellation function is widely investigated and discussed. The RLM simulation assumption was agreed in [1], and during the RAN4 meetings, only option 1 was chosen, that is:
· Option 1:   The first dominant interferer (4dB) with CRS collision
       The second dominant interferer (2dB) without CRS collision

In last RAN4 #66 meeting, a WF was agreed for the radio link monitoring simulation for RLM/demod part in [2], which introduces the time offset and frequency offset consideration in RLM simulations:
· Timing offset and frequency shift are assumed for RLM test and demodulation and CSI test: 
· Option 1: (timing offset, frequency shift) = ([2.5~3]μs for both aggressor cells, [200Hz~300Hz]), where only considering the positive time offsets;
· Option 2: timing offset between the aggressor cell and serving cell is in the range of [-3, 3]us, frequency offsets are between [-300, 300]Hz. 
· Companies are encouraged to discuss the UE behaviors in handling timing offset and frequency shift in CRS interference mitigation 
In this contribution, we give the simulation results for RLM with frequency offset and time offset, and check the performance differences for Qin and Qout compared with 0us time offset and 0Hz frequency offset case. Based on the simulation results and analysis, the test case parameters for frequency offset and time offset of the FeICIC RLM test cases in 36.133 were proposed. Moreover, based on these simulation results, the important open issues were discussed i.e., the additional margin of SNR values for in-sync and out-of-sync setting in FeICIC RLM test case. We conclude and give our proposal in the conclusion part of this paper.
2 FreOffset and TimeOffset Estimation
2.1 System Model and Assumptions
Based on the many discussions for Rel-11 FeICIC RLM part, the following baseline assumptions were assumed:
· The RLM is measured on the restricted subframes if the high layer signalling indication TDM pattern;

· The CRS assistance information is provided to the UE;

· The CRS assistance information is valid during the entire RLM measurement period;

· The UE is supporting the CRS interference handling feature;

· Only 2*2 configuration is considered, and the channel model changed to ETU30;
· The normal PHICH is considered, i.e., CFI = 2;
· The first dominant interferer (SNR=4dB) with CRS collision compared with the victim cell;
· The second dominant interferer (SNR=2dB) without CRS collision compared with the victim cell;
· The time offset shall be considered between the victim cell and the interfering cells;
· The frequency offset shall be considered between the victim cell and the interfering cells;

According to the baseline assumptions, the system model can be shown in Figure 1 and Figure 2.
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Figure 1.  The baseline assumption for FeICIC RLM I
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Figure 2.  The baseline assumption for FeICIC RLM II

According to baseline assumption in Figure 1, it is obvious that, the CRS from the 1st dominant interferer will lead to the interference on the serving cell (victim cell). If the receiver does not implement the CRS cancellation of the 1st dominant interferer, the interference will impact the channel estimation seriously. For the CRS from the 2nd dominant interferer, some interference will be introduced into the PDCCH of the serving cell (victim cell). Both of the two interferences will impact the actual PDCCH BLER performance of the victim cell. According to baseline assumption in Figure 2, the time offset and frequency offset are considered among the victim cell and interfering cells. If the time offset is larger than half of a CP, or one CP, then, the demodulation performance of PDCCH of victim cell will be seriously impacted. Besides, for the frequency offset, it will leads the phase difference in the signal in time domain, thus, the frequency offset brings 
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 impacts on the signal in time domain, where 
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is the frequency offset between the victim cell and the interfering cells, 
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 is the sampling granularity in one subframe in time domain. Therefore, the time offset and frequency offset shall be estimated and compensated at the Rel-11 receiver; otherwise, the PDCCH performance will be degraded by the impacts of time offset and frequency offset between the cells even if the interference cancellation is implemented.
2.2 Frequency offset and Time offset Estimation
· Frequency offset estimation

Assume the received signal at the receiver is 
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, and the victim cell (serving cell)’s signal is 
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, for the first and the second strongest interfering cells, the interferences are 
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, respectively. Therefore, the received OFDM signal in time domain can be modelled as
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where 
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 are the fading channel for the victim cell, first strongest interfering cell and second strongest interfering cell, respectively. 
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 is the noise power under AWGN. Based on the received signal in time domain, the received signal in frequency domain can be achieved by the FFT transform. Based on the LS algorithm, it is convenient to estimate the channel condition 
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 of the interfering cells first, which can be easily obtained as
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 denotes the subcarrier index, 
[image: image18.wmf]l

 is the OFDM symbol index in one subframe. 
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 denotes the known CRS sequence at the receiver based on the CRS assistance information. If there is frequency offset, and assume that the channel is constant between 
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, therefore, the frequency offset can be estimated by the correlation calculations for 
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 means the conjugate function with 
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. The Figure 3 shows the frequency offset estimation consideration with CRS positioning of OFDM symbols. 
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Figure 3.  The frequency offset estimation considering CRS positioning of OFDM symbol
· Time offset estimation
For the time offset estimation, it is relative simple. The time offset between the victim cell and the aggressor cells can be estimated through the first arrival path by the interfering cell. 

After the frequency offset and time offset are estimated, the receiver can implement the compensation for the corresponding frequency offset and time offset for the received data, and the PDCCH performance can be enhanced through the frequency offset and time offset estimation algorithm.

2.3 Simulation Parameters

For the RLM simulation parameters, the important parameters are summarized in table 1 and table 2 [3], respectively.
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	ETU 30

	System bandwidth
	MHz
	10

	Measurement bandwidth
	MHz
	10

	Serving cell SNR
	dB
	[-14, 0]

	Power allocation: 2 TX for out-of-sync
	dB
	PDCCH_RA = PDCCH_RB = 1 dB
PCFICH_RA = PCFICH_RB = 1 dB

	Power allocation: 2 TX for in-sync
	dB
	PDCCH_RA = PDCCH_RB = -3 dB
PCFICH_RA = PCFICH_RB = 1 dB

	PDCCH content for serving cell
	
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.


Table 2  Simulation assumptions for time varying interference pattern
	Description
	Unit
	Value

	1st Interfering cell 
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	dB
	4

	2nd  Interfering cell 
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	dB
	2

	ABS pattern
	
	10000000

	CRS colliding with 1st Interfering cell
	-
	-

	Non-CRS colliding with 2nd Interfering cell
	-
	-

	Timing offset
	us
	[-3, 3]

	Frequency offset
	Hz
	[-300, 300]


Based on the real deployment, for the RLM part, the UE is connected with the victim cell, which shall be the pico cell. Although the CRE is introduced, for most of cases, the signal from the victim pico cell shall be arrived at UE firstly. And the interference from the aggressor cells will come later. Therefore, we only consider the positive time offset for the simulations between the victim cell and aggressor cells, i.e., [0, 3]us.
3 Simulation Results and Analysis
3.1
1A/1C Performance Results

In this section, the RLM performance is discussed, and the corresponding simulation results with interference cancellation considering both time offset and frequency offset are provided. In order to narrow down the simulation cases, here the simulation cases are listed in Table 3.

Table 3. The Simulation Cases with Time Offset and Frequency Offset of RLM
	Simulation Cases
	Time offset configuration (Unit: us)
	Frequency offset configuration (Unit: Hz)

	Case 1
	0
	0

	Case 2
	1
	100

	Case 3
	2
	200

	Case 4
	3
	300

	Case 5
	3
	100

	Case 6
	3
	200

	Case 7
	2.5
	300

	Case 8
	1
	-100

	Case 9
	2
	-200

	Case 10
	3
	-300


The simulation results of Case 1- Case 10 can be shown in Figure 4- Figure 13.
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Figure 4.  1A/1C performance in Case 1                       Figure 5. 1A/1C performance in Case 2
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Figure 6.  1A/1C performance in Case 3                       Figure 7. 1A/1C performance in Case 4
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Figure 8.  1A/1C performance in Case 5                       Figure 9. 1A/1C performance in Case 6
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Figure 10.  1A/1C performance in Case 7                       Figure 11. 1A/1C performance in Case 8
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Figure 12.  1A/1C performance in Case 9                       Figure 13. 1A/1C performance in Case 10
Based on the simulation results, the verification point for out-of-sync and in-sync can be summarized for the different cases in Table 4.

Table 4. The 1A/1C Performance Results for the different cases
	Scenario
	Offset Configurations
	Verification Point
	SNR values

	Case 1
	Time offset: 0us
	1A (10% BLER point)
	-8.11dB

	
	Frequency offset: 0Hz
	1C (2% BLER point)
	-4.30dB

	Case 2
	Time offset: 1us
	1A (10% BLER point)
	-7.85dB

	
	Frequency offset: 100Hz
	1C (2% BLER point)
	-4.28dB

	Case 3
	Time offset: 2us
	1A (10% BLER point)
	-7.89dB

	
	Frequency offset: 200Hz
	1C (2% BLER point)
	-4.26dB

	Case 4
	Time offset: 3us
	1A (10% BLER point)
	-7.78dB

	
	Frequency offset: 300Hz
	1C (2% BLER point)
	-4.02dB

	Case 5
	Time offset: 3us
	1A (10% BLER point)
	-7.84dB

	
	Frequency offset: 100Hz
	1C (2% BLER point)
	-4.12dB

	Case 6
	Time offset: 3us
	1A (10% BLER point)
	-7.83dB

	
	Frequency offset: 200Hz
	1C (2% BLER point)
	-4.10dB

	Case 7
	Time offset: 2.5us
	1A (10% BLER point)
	-8.03dB

	
	Frequency offset: 300Hz
	1C (2% BLER point)
	-4.14dB

	Case 8
	Time offset: 1us
	1A (10% BLER point)
	-7.83dB

	
	Frequency offset: -100Hz
	1C (2% BLER point)
	-3.92dB

	Case 9
	Time offset: 2us
	1A (10% BLER point)
	-7.80dB

	
	Frequency offset: -200Hz
	1C (2% BLER point)
	-3.85dB

	Case 10
	Time offset: 3us
	1A (10% BLER point)
	-7.77dB

	
	Frequency offset: -300Hz
	1C (2% BLER point)
	-3.84dB


According to Table 4, the following observations can be obtained:
· Observation 1: For all the time offset and frequency offset cases, the best performance can be achieved under time offset is 0us and frequency offset is 0Hz, i.e., Qout=-8.11dB, Qin=-4.30dB.

· Observation 2: Considering the cases in which both time offset and frequency offset are positive values, the Case 4 (time offset is 3us and frequency offset is 300Hz) achieves the worst performance of 1A and 1C curve, i.e., Qout=-7.78dB, Qin=-4.02dB.

· Observation 3: Compared with the positive frequency offset and negative frequency offset, it is obvious that, the negative frequency offset leads to the worse performance of both 1A and 1C curve. However, the performance difference is within 0.2dB, e.g., Case 4 and Case 10.
· Observation 4: Taking all the simulation cases into account, the biggest performance differences for both 1A and 1C curves do not exceed 0.5dB.
· Observation 5: The time offset estimation and frequency offset estimation can effectively compensate the impacts from the actual time offset and frequency offset, and the performance degradation is limited compared with the 0us time offset and 0Hz frequency offset case.
For RLM test cases in TS 36.133, the basic time offset configuration between the cells is usually set as 3us. Based on the simulation results in Table 4, it is reasonable to reuse this parameter setting for the FeICIC RLM. 

For the frequency offset, it is reasonable to choose one value as the positive frequency offset, and the main reason is that there is little performance difference under the negative and positive frequency offset cases. The proposed frequency offset is 200Hz since 300Hz is relative large in the real network deployment. Taking the above aspects into account, the following proposals are achieved:
Proposal 1: The same time offset, and the same frequency offset shall be configured for both of the first aggressor cell and the second aggressor cell in FeICIC RLM test cases in TS 36.133.
Proposal 2: The time offset between the victim cell and the aggressor cells shall be set as 3us in FeICIC RLM test cases in TS 36.133. 
Proposal 3: The frequency offset between the victim cell and the aggressor cells shall be set as 200Hz in FeICIC RLM test cases in TS 36.133.
3.2
SNR Deriving for FeICIC RLM Tests
As the analysis in section 3.1, if the 3us time offset and 200Hz frequency offset are adopted, we can compare the Qin and Qout performance with the Rel-10 eICIC case, the results can be shown in Table 5.

Table 5. The 1A/1C Performance Comparisons with Rel-10
	Verification point
	Rel-10 eICIC RLM
	FeICIC RLM
(time offset: 0us, frequency offset: 0Hz)
	FeICIC RLM
(time offset: 3us, frequency offset: 200Hz)

	Qout (10%)
	-9.14
	-8.11
	-7.83

	Qin (2%)
	-4.36
	-4.30
	-4.10


Based on the above observations, we can see that, even if the CRS IC, time offset estimation, and frequency offset estimation are considered, the 1A curve performance does not achieve the similar performances as the Rel-8 and Rel-10. Therefore, the new SNRs shall be proposed according to the FeICIC RLM simulation results with additional margin. 
According to [4], the methodology for deriving the SNR values in RLM test cases was proposed as follows:

1. SNR2 = 
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5. And finally, SNR1 = SNR5.

In the above, 
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 are the averages of verification points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively. 
In table 6, we list the different margin for SNR deriving we considered from Rel-8 to Rel-11.
Table 6. The different margin for SNR deriving in RLM test cases

	Scenarios
	Channel model
	Margin 1
	Margin 2

	RLM in Rel-8/Rel-9 (no frequency offset)
	ETU 70
	3
	2.5

	eICIC RLM in Rel-10 (Rel-8/10 receiver, without IC, no frequency offset)
	ETU 30
	3.5
	3

	FeICIC RLM in Rel-11 (Rel-11 receiver, with IC, considering frequency offset and time offset estimation)
	ETU 30
	4dB

(3.5+X (X=[0.5]dB))
	3.5dB

(3+X (X=[0.5]dB))


Compared with Rel-8 and Rel-10, since the test environment is changed, the different margins shall be considered in order to guarantee the robustness of the radio link monitoring tests, thus, that extra 0.5 dB margin was proposed in Rel-10. For the Rel-11, we think that, it is implementation issue for the UE to do the CRS IC algorithms. Some UEs may cancel 1 dominant interferer, and some UEs can cancel 2 dominant interferers. Therefore, it seems difficult to define the margin here because the different algorithm can lead to the different verification points for Qin and Qout. 
Moreover, for the different UEs, they will have the different frequency offset and time offset estimation algorithms. Then, in Table 6, we propose to consider another additional extra X margin here, X is proposed to be [0.5]dB. The main target here is trying to make the RLM test case robust for the different UEs. Under the additional SNR deriving margin, the different SNR values for the RLM test cases can be listed in Table 7.
Table 7  The different SNR values for the RLM test cases
	Scenarios
	SNR1(dB)
	SNR2(dB)
	SNR3(dB)
	SNR4(dB)
	SNR5(dB)

	RLM in Rel-8/Rel-9
	-2.3
	-6.2
	-12.2
	-7.3
	-2.3

	eICIC RLM in Rel-10
	-1.3
	-5.4
	-12.4
	-7.3
	-1.3

	FeICIC RLM in Rel-11
	[-0.6]
	[-3.8]
	[-11.8]
	[-7.6]
	[-0.6]


Moreover, the verification point of Qin and Qout shall be averaging from the different companies, and the methodology shall be similar with what we used in Rel-8 and Rel-10.

Proposal 4: For the SNR deriving in FeICIC RLM test cases, both of margin 1 and margin 2 shall be considered additional [0.5]dB margin compared with Rel-10, i.e., the margin 1 and margin 2 are proposed to be [4]dB and [3.5]dB for FeICIC RLM test cases.
4 Conclusion

In this contribution, we give the preliminary discussion for the simulation results for RLM in FeICIC considering the frequency offset and time offset. Based on the simulations and analysis in this paper, we can obtain the following proposals:

Proposal 1: The same time offset, and the same frequency offset shall be configured for both of the first aggressor cell and the second aggressor cell in FeICIC RLM test cases in TS 36.133.

Proposal 2: The time offset between the victim cell and the aggressor cells shall be set as 3us in FeICIC RLM test cases in TS 36.133. 

Proposal 3: The frequency offset between the victim cell and the aggressor cells shall be set as 200Hz in FeICIC RLM test cases in TS 36.133.
Proposal 4: For the SNR deriving in FeICIC RLM test cases, both of margin 1 and margin 2 shall be considered additional [0.5]dB margin compared with Rel-10, i.e., the margin 1 and margin 2 are proposed to be [4]dB and [3.5]dB for FeICIC RLM test cases.
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