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1 Introduction

In RAN4 #64bis meeting, the working assumption for FeICIC was agreed in [1-2], and the main progress for side condition of cell identification in FeICIC was:

· PSS/SSS Es/Iot = -11.07dB

· Es/Noc of the first dominant interferer = 4dB

· Es/Noc of the second dominant interferer = 2dB

For radio link monitoring (RLM), the same interference level, i.e., 4dB and 2dB as the two interfering cells, was adopted for RLM performance evaluation, and the simulation assumption was agreed in [3]. In [3], two simulation cases were proposed:

· Case 1: only CRS transmission in Non-MBSFN ABS/MBSFN ABS subframes.(Reuse Rel-10 methodology)
· Case 2: CRS and other necessary channels in ABS under some cases, e.g., for SIB1.
Moreover, based on the system level simulation for the CRS colliding or non-colliding probability, the following two options were also proposed:
· Option 1: The first dominant interferer (4dB) with CRS collision
       The second dominant interferer (2dB) without CRS collision

· Option 2: The first dominant interferer (4dB) without CRS collision

       The second dominant interferer (2dB) with CRS collision

In this contribution, we give the open discussion for the RLM open issues for FeICIC, and the preliminary simulation results for RLM performance in FeICIC are shown in order to check the Qin and Qout performances. Besides, based on the simulation results and analysis in this paper, we give the corresponding proposals for all the open issues for both of RLM core requirements and test cases in FeICIC. 
2 Open Issues Discussions
2.1 Simulation Parameters and Assumptions
In Rel-10, we had a long discussion on RLM simulations based on one dominant interferer. Compared with Rel-8 RLM requirements, the main differences are:

· The RLM is measured on the restricted subframes if the high layer signalling indication TDM pattern;

· For the ABS subframes modelling, only CRS was considered for RLM test cases;

· Only 2*2 configuration is considered, and the channel model changed to ETU30;
· The extended PHICH is adopted in Rel-10, i.e., CFI = 3;
· The different SNR margins are adopted to derive the SNR1-SNR5 in RLM test cases in Rel-10;
· Discussion on ABS subframes modelling

Based on the simulation assumption in [3], there are two cases for modelling the ABS subframes as declared in section 1. In our understanding, for the FeICIC RLM test cases, it is also reasonable to reuse the ABS subframes modelling methodology. For the SIB1 transmission collided with ABS probability, it is very difficult to give the mathematical model and build up the feasible RRM tests. Thus, in this contribution, we only focus on the Case 1, which was the Rel-10 methodology, also. 
· Discussion on Simulation Scenario Options
Due to the introduction of the two dominant interferers, the CRS in the ABS subframes from the neighbour cells will also impacts the PDCCH BLER performances. Figure 1 shows the simulation scenario option 1 in [3].
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Figure 1.  The simulation scenario for Option 1
According to simulation scenario option 1 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. 
Therefore, the CRS interference cancellation (IC) feature is very important for the PDCCH BLER performance for RLM aspect. If the FeICIC feature is introduced in actual networks, the TDM pattern will be configured by the RRC signalling. However, the ABS subframes do not work if the CRS IC is not implemented when the CRS is colliding between the victim cell and the aggressor cell. Therefore, from our point of view, for FeICIC RLM, the core requirements and test cases shall be considered based on both TDM pattern and CRS IC. If the UE does not support the CRS IC, it is meaningless to introduce such RLM test cases for this kind of UE.
Observation 1: For FeICIC RLM, the core requirements and test cases shall be considered based on both TDM pattern and CRS IC.

For simulation scenario option 2, it is quite similar with the simulation scenario option 1. The only difference between the option 1 and option 2 is for the colliding scenario for the two dominant interferers. For the actual network PCI planning, it may be much more possible to see that, the 1st strongest dominant interferer is non-CRS colliding with the victim cell due to the optimized PCI planning of Macro cells. However, we can not exclude the CRS colliding case between the victim cell and the 1st dominant cell. Furthermore, unless there is a big performance difference between option 1 and option 2, it is much reasonable to set the option 1 as the RLM test case in order to align with the working assumption for cell identification and RSRP/RSRQ measurement.
Observation 2: For FeICIC RLM, unless there is a big performance difference between option 1 and option 2, it is much reasonable to set the option 1 as the RLM test case in order to align with the working assumption for cell identification and RSRP/RSRQ measurement.
For the simulation parameters, the important parameters are summarized in table 1 and table 2, 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]


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

	1st Interfering cell 
[image: image2.wmf]oc

s

N

Ê


	dB
	4

	2nd  Interfering cell 
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	dB
	2

	ABS pattern
	
	10000000

	CRS colliding cases
	
	Option 1
Option 2

	Timing difference between serving and interfering cell
	us
	3


For the receiver, based on the above analysis, we only focus on the CRS IC receiver to discuss the RLM performances in this contribution.

2.2 Simulation Results and Analysis
In order to compare the in-sync and out-of-sync performance of Rel-10, the RLM simulation results of eICIC and FeICIC are shown in this section. The comparisons are benefit for the RLM core requirement definition and test cases SNR settings. Figure 1 shows the Rel-10 in-sync (1C) and out-of-sync (1A) performances with 1 dominant interferer without CRS collision. Figure 2 shows the FeICIC in-sync (1C) and out-of-sync (1A) performances under the two options. The simulation results can be summarized in Table 3. 

Table 3  Simulation assumptions for time varying interference pattern
	Verification point
	Rel-10 eICIC RLM
	FeICIC RLM Case 1

(with CRS IC)
	FeICIC RLM Case 2
(with CRS IC)

	Qout (10%)
	-9.14
	-8.32
	-8.29

	Qin (2%)
	-4.36
	-4.35
	-4.34


Based on the table 3, it is obvious to obtain the following observations:
Observation 3: For FeICIC RLM with CRS IC, the Qin value is quite similar with Rel-10 proposed value.
Observation 4: For FeICIC RLM with CRS IC, the Qout value is about 0.8dB higher than Rel-10, i.e., -8.32dB

Observation 5: There is no big performance difference between FeICIC RLM Case 1 and FeICIC RLM Case 2.
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Figure 2.  The Rel-10 simulation results on ETU30 (1 interferer, without CRS colliding, no IC)
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Figure 3.  The Rel-11 simulation results on ETU30 (2 interferer, with CRS colliding/non-colliding, with IC)
2.3 FeICIC RLM SNR Deriving

Based on the above observations, we can see that, even we have consider the CRS IC, 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. 
According to [3], the methodology for deriving the SNR values in RLM test cases was proposed as follows:

1. SNR2 = 
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3. SNR4 = 
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4. SNR5 = 
[image: image9.wmf]in

Q

 + margin2  dB

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 4, we list the different margin for SNR deriving we considered from Rel-8 to Rel-11.
Table 4  The different margin for SNR deriving in RLM test cases
	Scenarios
	Channel model
	Margin 1
	Margin 2

	RLM in Rel-8/Rel-9
	ETU 70
	3
	2.5

	eICIC RLM in Rel-10 (Rel-8/10 receiver, without IC)
	ETU 30
	3.5
	3

	FeICIC RLM in Rel-11 (Rel-11 receiver, with IC )
	ETU 30
	3.5+X (X=0~[0.5]dB)
	3+X (X=0~[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. Then, in Table 4, we propose to consider another additional extra X margin here, X is within 0~[0.5]dB range. The main target here is trying to make the RLM test case robust for the different UEs.
If the additional X=0.5dB is adopted, i.e., the margin 1 and margin 2 for Rel-11 are 4dB and 3.5dB respectively, the SNR deriving values can be compared and shown in Table 5.
Table 5  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
	[-0.8]
	[-4.3]
	[-12.3]
	[-7.8]
	[-0.8]


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.

3 Conclusion

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

Proposal 1: For FeICIC RLM, the core requirements and test cases shall be considered based on both TDM pattern and CRS IC.
Proposal 2: The current RLM core requirements can be kept the same as Rel-10 description, except for removing the colliding CRS description in note.

Proposal 3: Since there is no big difference between simulation option 1 and option 2, it is much reasonable to set the option 1 as the RLM test case in order to align with the working assumption for cell identification and RSRP/RSRQ measurement, i.e., 1st dominant interferer with CRS colliding, and 2nd dominant interferer with non-CRS colliding.

Proposal 4: The SNR deriving methodology shall be similar with what we used in Rel-8 and Rel-10, i.e.,
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[image: image12.wmf]out

Q

+ margin1 dB

SNR3 = 
[image: image13.wmf]out

Q

– margin1 dB

SNR4 = 
[image: image14.wmf]in

Q

 – margin2  dB

SNR5 = 
[image: image15.wmf]in

Q

 + margin2  dB

SNR1 = SNR5.

Proposal 5: For the SNR deriving in FeICIC RLM test cases, both of margin 1 and margin 2 shall be considered additional XdB compared with Rel-10, i.e., margin 1 is (3.5+X)dB, margin 2 is (3+X)dB, where X is within 0~[0.5]dB range.
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