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1. Introduction
During RAN4 #57, two way forwards were agreed on eICIC RLM requirements [1] and candidate patterns for RLM performance evaluation [2]. Initial simulations on RLM for eICIC showed that UEs with restricted resource measurements could full-fill the Rel-8/9 requirements in the non-colliding CRS scenario [3]. In this contribution, we provide further simulation results for the colliding RS case.
2. Simulation setup
The common simulation assumptions are shown in Table 1. The baseline setup is a single cell performance with ETU channel and noise as shown in Table A.7.3.1.1-1 in [4]. We sweep the serving cell SNR to compare the DCI format 1A/1C reliability with the PHY Out-of-sync and In-sync declaration rate.

In the second setup, we enable an additional periodic time varying interference pattern as proposed in [2] and perform the RLM procedure under this time varying interference.  It is assumed that the network signals the usable measurement subframes to all the UEs. In this test, we simulated two UE implementations where one UE strictly follow the network signalled restrictions and the other UE average the measurement over all subframes. 

We also tested three interference levels: -5, 5 and 15 dB above the thermal to test the sensitivity to interference variation. The time varying interference is modelled as an interfering cell that transmits almost blank subframes (ABS) on either 1 or 2 subframes out of 8 and transmits normal subframes on the rest. 

Table 1 Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Serving cell 
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	dB
	-6

	Implementation modeling
	
	AGC disabled; frequency/time tracking loop enabled.

	Propagation model
	
	AWGN

	Measurement bandwidth
	MHz
	1.4

	Measurement period
	ms
	200

	Number of measured subframes within the measurement period
	
	5


Table 2 Simulation assumptions for time varying interference pattern

	Description
	Unit
	Value

	Interfering cell 
[image: image2.wmf]oc

s

N

Ê


	dB
	-5, 5, 15

	Almost blank subframe pattern of the interfering cell
	
	[10000000]
and

[11000000]

	Interfering cell CRS colliding with serving cell CRS
	
	NO

	Timing difference between serving and interfering cell
	us
	3

	Fraction of subframes that are ABSF of interfering cell
	
	100% or no restriction


2.1. Simulation results

During the experiments, we noticed that the SINR measured over the CRS symbols are identical over ABS and normal subframes for the colliding CRS case. Hence, the simulation results are insensitive to either measurement restriction or TDM pattern. As a result, we are only plotting one set of curves for UEs with and without measurement restriction. Simulation results are shown in Figures 1 under ETU70 channel model. 
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(a) Single cell                                                      (b) Interfering cell at I/N = -5 dB
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(c) Interfering cell at I/N = 5 dB                                         (d) Interfering cell at I/N = 15 dB
Figure 1 RLM statistics for colliding CRS
In Figure 1 (a), the single cell performance is illustrated. As shown in the figure, the 10% out of sync threshold occurs at -10 dB geometry. The average declared out of sync rate is around 50% at this SNR point. The 2% in sync threshold occurs at -6 dB. The average declared in sync rate is also around 50% at this SNR point. As the declared out of sync and in sync statistics are fairly close to the true in-sync and out-of-sync statistics, we conclude that this UE has a consistent RLM performance that reflects the actual PDCCH performance.
In Figures 1(b-d), the actual and declared RLFs are illustrated for different interference levels: -5, 5 and 15 dB. Due to colliding CRS, the serving cell CRS SINR degradation is directly proportional to the addition CRS interference from the interfering cell. As a result, both declared in-sync and declared out-of-sync thresholds increase significantly as the interference level increases. On the other hand, the actual in-sync and out-of-sync thresholds based on the actual PDCCH decoding over the ABS subframes only change marginally despite severe CRS SINR degradation. The intuition behind this observation is that the PDCCH REG over the ABS subframes is thermal limited so all the loss is due to poor channel estimation, which only increased marginally compared to the thermal limited cases.
3. Conclusions

In this contribution, we provide additional RLM simulation results for colliding CRS. The findings in [3] and this document are summarized as following

For non-colliding CRS, 

· A R10 UE following RLM restriction is shown to achieve existing RLM measurement requirements. 
· A R9 UE not following RLM restriction is found to declare RLF at much higher SINR while the actual PDCCH decoding is still reliable. 
· Defining new performance requirements with TDM restriction is necessary to differentiate good and bad UE implementation.
For colliding CRS

· R10 and R9 UE performances are identical. 

· Mismatch between declared and actual Out of sync and In sync thresholds quickly diverge as the interfering cell gets stronger.

· Performance requirements with TDM restricted measurements would be redundant since they are identical to Rel 9 requirements under the same SINR condition.
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