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1. Introduction
In RAN4#57 meeting，two way forward [1][2] on eICIC TDM solutions have been Approved. It was agreed that RRM measurement accuracy should be investigated under interference introduced by almost blank subframe/MBSFN subframe in HetNet deployment scenarios and the evaluation should be based on 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
2.1. Simulation assumption
Simulation assumptions are summarized in the table bellow:
Table 1: common simulation assumptions
	Attribute
	value

	scenarios
	TDD, 1.4MHz  Bandwidth 
One serving cell and one interfering cell with non colliding cell specific reference signal

	Subframe configuration
	1

	Special subframe configuration
	8

	eNB antenna
	1

	UE antenna
	2

	Channel model
	AWGN

	Real channel estimator
	LS

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

	Measurement period
	200 ms (5 samples per period)


* measurement points located at those ‘1’ in the patterns.
2.2. Simulation results
· CRS non-colliding case

For non-colliding RS case, RSRP measurement will not be impact by aggressor cell CRS interference. CDF of RSRP are shown bellow, note here the transmit power is set to unit.
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Figure 1 RSRP measurement accuracy (1/10,1, ABS) [ 0000000001, 0000000001] 
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Figure 2 RSRP measurement accuracy (2/10,2, ABS) [ 0000011000,  0000011000]
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Figure 3 RSRP measurement accuracy (2/10, 1, MBSFN) [0000100001, 0000100001]
It can be seen that 99% measurements drop in to +/-3dB of the actual RSRP, which means that the RSRP measurement accuracy can satisfy the requirement specified in [4].
As for RSRQ, according to the definition in [5], RSRQ measurement accuracy mostly depends on the RSRP measurement accuracy. Figure 4-6 give the simulation results for RSRQ measurement. It can be seen that RSRQ have similar accuracy with RSRP in the same scenario and the RSRQ measurement accuracy can also satisfy the requirement specified in [4]. However the link quality is very poor under high interference level, e.g. INR 15dB.
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Figure 4 RSRQ measurement accuracy (1/10,1, ABS) [ 0000000001, 0000000001]
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Figure 5 RSRQ measurement accuracy (2/10, 2, ABS) [0000011000, 0000011000]
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Figure 6 RSRQ measurement accuracy (2/10, 1, MBSFN) [0000100001, 0000100001]
· CRS colliding case

Figure 7-9 give simulation results for RSRP/RSRQ under the proposed ABS/MBSFN pattern. Apparently the measurement accuracy are degraded due to the strong interference seen on serving cell CRS. Especially for the case of INR larger than 15dB, the RSRP/RSRQ accuracy is not acceptable for ABS pattern 1 and ABS pattern 2. The side conditions must be added together with the requirement to make sure that RRM measurement accuracy definition is meaningful. However for ABS (in MBSFN) pattern 3, if the RSRP measurement samples are collected just from the data region, the measurement accuracy can be improved dramatically. It means that RSRP measurement should abandon the estimated CRS channel in control region.
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Figure 7 RSRP/RQ measurement accuracy (1/10, 1, ABS) [0000000001, 0000000001]
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Figure 8 RSRP/RQ measurement accuracy (2/10, 2, ABS) [0000011000, 0000011000]
Victim measure serving cell CRS in data region of aggressor MBSFN subframe 
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 Figure 9 RSRP measurement accuracy (2/10, 1, MBSFN) [0000100001, 0000100001]
3. Conclusion
In this contribution, we provided RRM measurement results under different interference levels. The evaluations are based on the agreed ABS/MBSFN patterns and Rel-8/9 UE receiver. From the simulation results, we have the following observations,
· For non-colliding CRS case, RSRP/RSRQ measurement accuracy can meet the Rel-8/9 accuracy requirements.
· For colliding CRS case, RSRP/RSRQ measurement accuracy can not meet the Rel-8/9 accuracy requirements in the case of high CRS interference level from another cell for ABS pattern 1 and 2.

· Patterns for ABS in MBSFN can solve the interference issue and improve the RRM measurement accuracy dramatically if UE captures measurement samples only from the data region of a SF. 
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