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1. Introduction
In last RAN4#57 meeting，two way forward [1][2] on eICIC TDM solutions have been approved. It was agreed that radio link monitoring (RLM) performance should be investigated under interference introduced by almost blank subframe/MBSFN subframe in HetNet deployment scenarios and the evaluation should be based on a R8/9 baseline receiver. In [2], initial set of ABS patterns for FDD/TDD were given as following.
· FDD patterns:





(1/8,1,ABS)

[ 10000000, … ]





(2/8,2,ABS)

[ 11000000, … ]





(3/20,1,MBSF)

[ 1000010000 1000000000 ]
· TDD patterns:





(1/10,1) 


[ 0000000001, … ]





(2/10,2)


[ 0000011000  0000011000 ]





(2/10,1,MBSF)

[ 0000100001  0000100001 ]
· Other candidate patterns for consideration if the group is Ok with the work load:

· FDD patterns:





(3/8,1,ABS)

[ 11100000, … ]
· The patterns above shall apply from subframe 0
In this contribution, evaluations results on RSRP/RSRQ measurement performance are provided for TDD considering Rel-8/9 baseline receiver.
2. performance evaluation
As defined in [4], UE should monitor serving cell link quality to indicate in-of-sync/out-of-sync status to high layers. In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [5], against thresholds (Qout and Qin) defined by relevant tests in [5] as following.  

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors.
The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors.
Simulation assumptions are summarized in the table bellow:
Table 1: common simulation assumptions
	Attribute
	value

	scenarios
	TDD, 10MHz  Bandwidth 
One serving cell and one interfering cell with non colliding cell specific reference signal

	Subframe configuration
	1

	Special subframe configuration
	6

	eNB antenna
	2 (both for serving and interfering cells)

	UE antenna
	2

	Channel model
	ETU 70 (Independent for two cell)

	Real channel estimator
	MMSE 1D1D

	Receiver
	R8/9 baseline 

	Interfering cell signal to noise ratio (INR)
	-5 dB, 5 dB, 10 dB, 15dB

	Interference modeling 
	CRS interference of almost blank subframe/MBSFN subframe

	Interfering cell subframe pattern
	Pattern 1 [ 0000000001] (almost blank subframe)
Pattern 2 [ 0000011000 ] (almost blank subframe)
Pattern 3 [ 0000100001 ] (MBSFN subframe)


Table 2: in-of-sync simulation assumptions
	Attribute
	value

	DCI format 
	1C 

	Aggregation level (CCE)
	4

	Number of control OFDM symbols
	2

	Ratio of PDCCH RE energy to average RS RE energy
	-3 dB

	Ratio of PCFICH RE energy to average RS RE energy
	1 dB

	Link quality estimate period
	100ms

	CRS SNR threshold(test case 2 of A.7.3.4.1, test case 4 of A.7.3.3.1 [5])
	-2.3dB


Table 3: out-of-sync simulation assumptions
	Attribute
	value

	DCI format 
	1A

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of PDCCH RE energy to average RS RE energy
	1 dB

	Ratio of PCFICH RE energy to average RS RE energy
	1 dB

	Link quality estimate period
	200ms

	CRS SNR threshold(test case 2 of A.7.3.4.1, test case 4 of A.7.3.3.1 [5])
	-11.9 dB


The RLM performance for single cell is shown in figure 1 as a baseline for comparison with the RLM performance in facing of interference from another cell. The reporting probability for in-sync and out of sync is shown in figure 2 and figure 3 respectively.
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Figure 1 RLM performance for single cell
Table 4: threshold for baseline scenario
	
	Threshold in 36.133
	threshold from the simulation 

	In- sync
	-2.3dB
	-4.1 dB

	Ou-of-sync
	-11.9 dB
	-7.5 dB
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Figure 2 In -sync event reporting probability 
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Figure 3 Out-of-sync event reporting probability 
It can be seen that the corresponding out-of-sync and in-sync event will happen almost 100 % with the threshold (-2.3dB for in-of-sync, -11.9dB for out-of-sync) in the single cell RLM performance results. It is noted that the probability required in RLM test case is only 90%.
Figure 4 gives control channel performance under CRS interference introduced by almost blank subframe/MBSFN subframe. It should be noted that ABS and MBSFN subframe have the same impact to victim cell, because only the first 2 OFDM symbols are considered.
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Figure 4 PDCCH performances under CRS interference
As can be seen from above results, control channel performance degraded naturally with the increasing interference level. The RLM thresholds for different cases as listed as bellow:
Table 5: threshold for interfering scenario
	threshold
	INR -5dB
	INR 5dB
	INR 10dB
	INR 15dB

	In-of-sync
	-3.9
	-2.5
	0.4
	4.3

	Ou-of-sync
	-7.4
	-6.2
	-4.4
	-1.5


Event reporting probabilities for out-of-sync and in-sync are shown in figure for different cases.
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(a) In-sync 
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(b) Out-of-sync
Figure 5 Event reporting probability for in-sync and out-of-sync, INR=-5dB

From figure 5, it can be seen that corresponding correct event reporting will happen almost 100 % with the threshold (-2.3dB for in-of-sync, -11.9dB for out-of-sync) in 36.133. 
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(a) In-sync
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(b) Out-of-sync
Figure 6 Event reporting probability for in-sync and out-of-sync, INR=5dB

From Figure 6, it can be seen that 90% correct event reporting for in-sync occurs at -2dB, which is a little out of the defined performance in 36.133(90% correct reporting for in-sync occurs at -2.3dB ).  Out-of sync reporting requirement can be satisfied.
INR 10dB:
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(a) In-sync
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(b) Out-of-sync
Figure 7 Event reporting probability for in-sync and out-of-sync, INR=10dB
From figure 7, it can be seen that in- sync performance degrades largely to 90% correct reporting rate at 1.5dB, which cannot satisfy the current requirement in 36.133. For RLM test, the middle CRS SNR threshold (test case 2 of A.7.3.4.1, test case 4 of A.7.3.3.1 [5]) between In-sync threshold and Out-of-sync threshold is -5.9dB, it can be noted that in this case the out-of-sync happened nearly 90% at -5.9dB. So the test requirement may be failed.
INR 15dB:
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(a) In- sync
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(b) Out-of-sync
Figure 8 Event reporting probability for in-sync and out-of-sync, INR=15dB

It can be seen from figure 8 that both in-sync and out-of-sync performance cannot be satisfied.
So, from the evaluations, our observations is when the power of interference cell is above 10dB, a Rel-8/9 UE cannot satisfy the RLM performance requirements and pass the test. This is different from the results in [3]. 
For receivers with RE nulling, the impact of CRS interference to control channel can be mitigated to some extend, example results is figure 9. From performance point of view, this kind of receiver is encouraged, but details need FFS.
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Figure 9 RLM performance with receiver CRS nulling
3. Conclusion
In this contribution, RLM simulation results for TDD eICIC pattern are provided. When RLM measurement is performed with a Rel-8/9 receiver，the Rel-8/9 RLM requirements can be satisfied for some light interference scenario, e.g. INR<10dB. Side conditions should be considered when defining RLM performance requirements in HetNet deployment.. 
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