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1 Introduction
In the last Ran2#72-bis meeting, LS[1] on RSRQ measurement accuracy with eICIC agreed to send to Ran4. In this contribution, we present the simulation results related to this LS  using simulation assumption [2] which agreed at Ran4. 
2 Overall Description on LS[1]
RAN2 has been discussing signalling support for RRM/RLM measurement on restricted subframes for eICIC.

It is understanding of RAN2 that the main purpose of measurement resource restriction is to allow measuring of victim cells on subframes that are protected by Almost Blank Subframes of aggressor cell(s).

It is however questioned during the discussion in RAN2 whether it is also necessary to measure non-victim neighbour cells on restricted subframes, instead of applying “no resource restriction”. Some companies raised concerns about accuracy of RSRQ measurement if the UE uses Almost Blank Subframes of the measured cell for measurements. In particular it may result in too optimistic RSRQ results due to reduced transmission on Almost Blank Subframes.

RAN2 believes the following additional measurement resource restrictions become necessary if the concern raised on RSRQ measurement accuracy is valid.

· Measuring serving macro cell only in non-ABS subframes

· Measuring intra-frequency neighbouring macro cells only in non-ABS subframes

· Measuring inter-frequency neighbouring macro cells only in non-ABS subframes

Some companies believed that RSRQ result from each subframes (from both ABS and non-ABS) will be averaged out by UE implementation and so the release-8 scheme, i.e. no resource restriction, does not cause any problem. However there was also the view from different companies that the averaging is left to UE implementation and may not be reliable in such environment where Almost Blank Subframes are employed. Also for inter-frequency measurement in particular, impact of limited measurement occasions due to measurement gaps was not clear to RAN2.
RAN2 therefore would like to ask for guidance from RAN4 as to whether it is necessary to support RRM measurement on subframes excluding Almost Blank Subframes of the cell as described above. In addition, RAN2 would like to ask if it is feasible to support inter-frequency measurement described in the third bullet above within release-10 time frame.

3 Simulation assumptions
The simulation is conducted for the situation where the pico cell UE measures the macro cell which configures some subfarmes as ABS. The simulation parameters are used in Table 1[1] and  both cases of serving cell(i.e., pico cell) SNR = 0dB and -6dB are simulated at AWGN . And it is considered that neighboring cell(i.e., macro cell) SNR of 5dB and 10dB.  For convenience, the table is duplicated. In table 1, measurement sampling rate is assumed as 5 times for L1 measurement period 200ms.  

· FDD/AWGN
· Measurement sampling rate : 5times/200ms(L1 measurement period)

· Non-MBSFN, MBSFN with CRS colliding

· Measuring subframe

· Restricted to ABS 

· Restricted to Non-ABS (it is close to real RSRQ in neighboring macro cell)
· ABS+Non-ABS (portion of ABS and Non-ABS is assumed to 50%) 
· In order to compare fairly, neighboring cell RSRP is measured in the restricted subframe to Non-ABS 

Table 1: Simulation parameters for RSRP/RSRQ measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	5times/200ms

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN
	

	CP Length
	Normal
	

	


4 Simulation Results
· Non-MBSFN
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Figure 4.1. CDF of RSRQ in case of Non-MBSFN at AWGN & serving cell SNR=0dB
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Figure 4.2. CDF of RSRQ in case of Non-MBSFN at AWGN & serving cell SNR=-6dB

Figure 4.1 and Figure 4.2 show the CDF of RSRQ with serving cell SNR of 0dB and -6dB respectively,  in case of Non-MBSFN at AWGN. The real RSRQ of neighboring macro cell is close to the value which is estimated in the restricted Non-ABS subframe. Therefore it is reasonable that this value is considered as basis to compare difference of the estimated RSRQ values. At the point of 50%, the differences of the estimated value and the value which is estimated in the restricted Non-ABS subframe are same as following table.
Table 4.1. Difference of the RSRQ at 50% of CDF in case of Non-MBSFN
	
	estimated RSRQ - estimated RSRQ at Non-ABS

	
	Serving cell SNR = 0 dB
	Serving cell SNR = -6 dB

	Measuring Subframe
	Neighboring macro cell SNR

	
	5 dB
	10 dB
	5 dB
	10 dB

	ABS
	2.5 dB
	4.3 dB
	2.8 dB
	4.6 dB

	Non-ABS
	0 dB
	0 dB
	0 dB
	0 dB

	ABS+Non-ABS
	1 dB
	1.6 dB
	1.1 dB
	1.8 dB


In table 4.1, the red block shows that the difference is over 2dB in accuracy of RSRQ which is defined as [the estimated RSRQ – the estimated RSRQ at Non-ABS]. And 1.5dB ~ 2dB region is colored with yellow. In this Non-MBSFN, the estimated RSRQ using restricted ABS has remarkable difference of over 4dB at neighboring macro cell SNR of 10dB.  In ABS+NonABS, there is the difference value of 1.6 dB and 1.8dB  at serving cell SNR of 0dB and -6dB respectively. Here, it is noteworthy that, in case of unrestricted measurement, how to select the measured subframe is a UE implementation issue in Rel-8/9. Thus, if UE performs unrestricted RSRQ measurement for the macro cell, only ABS may be selected in some cases but only non-ABS may be selected in some other cases. Furthermore, the network is unaware of this subframe selection, so there exist some ambiguity in the reported RSRQ.
· MBSFN with CRS collision
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Figure 4.3. CDF of RSRQ in case of MBSFN with CRS collision at AWGN & serving cell SNR=0dB
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Figure 4.4. CDF of RSRQ in case of MBSFN with CRS collision at AWGN & serving cell SNR=-6dB
Figure 4.3 and Figure 4.4 show the CDF of RSRQ with serving cell SNR of 0dB and -6dB respectively,  in case of MBSFN with CRS collision at AWGN. At the point of 50%, the differences of the estimated value and the value which is estimated in the restricted Non-ABS subframe are same as following table.
Table 4.2. Difference of the RSRQ at 50% of CDF in case of MBSFN with CRS collision
	
	estimated RSRQ - estimated RSRQ at Non-ABS

	
	Serving cell SNR = 0 dB
	Serving cell SNR = -6 dB

	Measuring Subframe
	Neighboring macro cell SNR

	
	5 dB
	10 dB
	5 dB
	10 dB

	ABS
	2.9 dB
	5.7 dB
	4 dB
	6.4 dB

	Non-ABS
	0 dB
	0 dB
	0 dB
	0 dB

	ABS+Non-ABS
	1.2 dB
	2.0 dB
	1.5 dB
	2.2 dB


In table 4.2, the red block shows that the difference is over 2dB in accuracy of RSRQ which is defined as [the estimated RSRQ – the estimated RSRQ at Non-ABS]. And 1.5dB ~ 2dB region is colored with yellow. In this case of MBSFN with CRS collision, the estimated RSRQ using ABS has remarkable big difference of over 5.5dB  and  the estimated RSRQ using ABS+NonABS has big difference of over 2dB  at neighboring macro cell SNR of 10dB respectively.
5 Conclusion

In this contribution, we investigated the accuracy RSRQ of neighboring macro cell in both cases of Non-MBSFN and MBSFN with CRS collision at AWGN. As seen simulation results, it is recommend to restrict the measuring subframe as Non-ABS subframe in order to get more exact RSRQ of neighboring macro cell and to resolve the ambiguity of subframe selection in the UE side. 
Proposal: Neighboring macro cell measurement should be restricted to the subframes in which the measured cell does not configure ABS.
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