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1
Introduction
In RAN4 #57, candidate TDM patterns for evaluation were agreed [1]. This contribution provides simulation results for radio link monitoring (RLM) using the agreed TDM patterns for e-ICIC.
2
Simulation methodology and assumptions

As discussed so far in RAN4, the following points should be studied for RLM in e-ICIC TDM patterns:

· Point #1: Impacts of CRS collisions on RLM
· In real operations, CRS collisions would often happen because there are only 3 patterns for CRS shift in 2TX scenarios. Perfect cell planning to avoid CRS collisions would be unrealistic.

· If CRS collision cases would not be addressed in RLM, unnecessary radio link failures would often happen, and as a result e-ICIC use cases would be significantly limited.

· Point #2: Benefits of MBSFN sub-frames

· One of solutions for Point #1 would be using MBSFN sub-frames in the aggressor cell, because they contain CRS only in the first OFDM symbol.
· It is noted that CRS collisions would still happen in the first OFDM symbol even in MBSFN sub-frames.
In order to study Points #1/ #2, we made link-level simulations in the following four cases, which are illustrated in Figure 1:
· Case #1: No CRS collisions
· It is noted that there would be no difference between “normal ABS” and “ABS + MBSFN” for no CRS collision case.

· Case #2: CRS collisions for ABS (No MBSFN)

· Case #3: CRS collisions for ABS + MBSFN

· Case #4: CRS collisions for ABS + MBSFN, ignoring the first OFDM symbol
· In this case, the impacts of CRS collisions could be removed, although measurement samples would be reduced.
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Figure 1: Evaluation cases
The measurement period and the number of measurement samples for RLM were 10 ms and 1 per measurement (10 ms), respectively. In the simulations, we evaluated variance of CRS SINR to verify the measurement accuracy of RLM, because UE would monitor the downlink radio quality based on CRS [2].
In the simulations, we used the following definition of SNR/ SIR.

SNR (Signal-to-Noise Ratio)

S: Signal level of Serving cell (Victim)
N: Thermal noise level

SIR (Signal-to-Interference Ratio)

S: Signal level of Serving cell (Victim)

I: Signal level of Neighbour cell (Aggressor)
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Figure 2: Definition of SNR/ SIR
Table 1 presents other simulation parameters

Table 1: Simulation parameters
	Simulation parameters
	Values

	Channel bandwidth
	10 MHz

	Number of sub-carriers
	600

	Antenna configuration
	2-by-2

	Channel model
	ETU5

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	CRS power boosting
	3 dB

	Cyclic prefix
	Normal


3
Simulation results for RLM
Figure 3 (a), (b), and (c) present CDF of estimated CRS SINR in case of SIR = -10 dB, -5 dB and 0 dB, respectively. SNR is assumed to be 0 dB in the simulations. Findings from the results are summarized below:
· In no CRS collision case (Case 1), UE would correctly estimated CRS SINR, i.e. the median of CRS SINR is approximately 0 dB, which is aligned with the SNR value. It clearly indicates that UE could accurately monitor the radio link quality.

· In CRS collision and normal ABS case (Case 2), the median of CRS SINR is much lower than 0 dB. As the SIR values decrease, the CRS SINR decreases. It indicates that UE could not correctly monitor the radio link quality.

· In CRS collision and ABS + MBSFN case (Case 3), the median of CRS SINR is lower than 0 dB as well as Case 2, although it is higher than that in Case 2. The reason for this behaviour would be that CRS collisions still happen in the first OFDM symbol. It implies that the radio link monitoring would work, but that if the interference from the aggressor is very high, UE could not estimate the radio link quality correctly.
· If UE does not use the first OFDM symbol for RLM (Case 4), UE could correctly estimate CRS SINR, i.e. the curves in Case 4 are almost the same as those in Case 1. It indicates that the behaviour of ignoring the first OFDM symbol in RLM would be beneficial in CRS collision cases for TDM e-ICIC. 
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Figure 3: Variance of CRS SINR (SNR = 0 dB)
From a UE procedure point of view, UE could easily support the behaviours of ignoring the first symbol for RLM (Case 4), because Release 10 UE would need to support new RLM behaviours for e-ICIC, which would be conducted in the restricted sub-frames. Therefore, it is proposed that the RLM behaviours in Case 4 should be taken into account as RLM behaviours for e-ICIC, when RAN4 specify the requirements and test cases for e-ICIC RLM.
The observations derived from the simulation results are summarized below: 

Observation #1: ABS + MBSFN sub-frame would be very beneficial in CRS collision cases. 
Observation #2: The 1st OFDM symbol should be ignored in e-ICIC RLM for ABS + MBSFN case.
5
Conclusions
This contribution provided simulation results for RLM using the agreed TDM patterns for e-ICIC.

Observation #1: ABS + MBSFN sub-frame would be very beneficial in CRS collision cases. 
Observation #2: The 1st OFDM symbol should be ignored in e-ICIC RLM for ABS + MBSFN case.
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