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1. Introduction
The definition of RRM measurement in current specification is designed for the case of interference constant in time domain. Due to the introduction of TDM ICIC, the interference caused by other layer varies significantly between different subframes. In RAN1#63 meeting, companies are encouraged to consider the possible impacts on the RAN1 specifications until RAN1#63bis.
From the following simulation results, it can be found that RSRP/RSRQ measurement will be unstable in TDM ICIC with current definition. Therefore, it is proposed to modify the definition of RSRP/RSRQ.

2. Discussion
RSRP/RSRQ is defined mainly for mobility management. The comparison of measurement results of service cell and neighbor cell will trigger the UE handover. If the RSRP/RSRQ of current cell is estimated lower than real value, unnecessary handover will occur.
The reported measurement result after layer 1 filtering shall be an estimate of the average value of the measured quantity over the measurement period [1]. If there are almost blank subframes and normal subframes in one measurement period, the measurement result will be the average result of these two different subframe sets.
2.1. TDM ICIC Impact on RSRP measurement

From the current definition, RSRP measurement can be taken on any subframes. If measurement is taken in the subframes with strong interference (corresponding to non-ABS), the accuracy will decrease much compared with the subframes with light interference (corresponding to ABS). Therefore, if ABS is applied, the RSRP value at/for victim cell will varies dramatically due to different ratio of ABS in all the measurement subframes. Simulation results are given in Fig.1. The simulation assumption is provided in Appendix.
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Figure 1: Estimated RSRP distribution at victim cell
When the RSRP measurement is limited on lightly interfered subframe subset, the difference between the measurement result and that of single cell is negligible. It means that the physical meaning of RSRP, Reference Signal Received Power, is reflected truly. If normal subframe is adopted in measurement, there will be a fix shift between measurement result and actual value by mistake. With the increase of percentage of normal subframe in the notified measurement subset, the measurement error of RSRP increases accordingly. If the RSRP measurement is entirely based on normal subframe, the measurement error is up to 4dB. 
If measurement is taken on normal subframe or mixed subframe, RSRP of pico cell will be over optimistic. In this case, if UE moves from pico cell to macro cell, late handover will occur. With range expansion bias increase, this problem would become more serious. 
In order to keep the measure accuracy of RSRP, the measurement of RSRP needs to be restricted in lightly interfered subframe subset. The following proposal can be added in current specification 36.214[2], section 5.1.1:

Proposal 1: “If subframes for restricted RRM measurement are indicated by higher-layer signal, RSRP is only measured in the indicated subframes. ”
2.2. TDM ICIC Impact on RSRQ measurement

RSRQ is calculated by RSRP and RSSI. From section 2.1, it is observed that RSRP taken in the subframes with strong interference (corresponding to non-ABS) is different from that taken in the subframes with light interference (corresponding to ABS). On the other hand, RSSI taken in strongly interfered subframe will be much higher than in lightly interfered subframe, because interference part increases greatly. Therefore, if ABS is applied, the RSRQ value will varies due to different ratio of ABS in all the measurement subframes. Simulation results are given in Fig.2. The simulation assumption is the same as that in section 2.1.
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Figure 2: Estimated RSRQ distribution at victim cell
In common sense, RSRQ of lightly interfered subframe is suppose to be much higher than that of normal subframe due to data interference on normal subframe. However, the result above shows that the measurement result of 100% ABS is almost the same with that of 0% ABS. That is because RSRQ is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), and the RSRP of 0% ABS is in fact estimated in error. Therefore, the RSRQ measurement is also needed to be restricted on lightly interfered subframe.
In the design of R8, RSRQ is mainly used in radio mobility management (RRM), including intra- and inter-frequency. Whereas SNR is used in radio link monitoring (RLM), but not RSRQ, as in current RAN4 test case [1].For mobility management, in the case of intra-frequency, the accurate mobility management is depending on RSRP if the measurement set of serving cell and neighbor cell is the same to RSSI measurement. In the case of inter-frequency, if the interfered pico cell borders upon inter-frequency macro cell, pico UE may take RSRQ on ABS of macro cell, due to no limit on measurement subset for macro cell. Because there is no data transmission on ABS, the RSSI of neighbor macro cell may be estimated low, and then the RSRQ may be over optimistic. That would lead to early handover.
In order to keep the measurement accuracy of RSRQ, the measurement of RSRQ needs to be restricted in ABS. The following proposal can be added in current specification 36.214[2], section 5.1.3:
Proposal 2: “If subframes for restricted RRM measurement are indicated by higher-layer signal, RSRQ is only measured in the indicated subframes and OFDM symbols containing reference symbols for antenna port 0 of serving cell.”
Proposal 3: The restricted measurement set of serving cell and neighbour cell for RSRQ should be the same.
3. Conclusion
In this contribution, we analyze the RSRP/RSRQ measurement result by the current definition with TDM ICIC. The simulation results show that the measurement needs to be restricted in lightly interfered subframe (restricted measurement subset). 

We propose the following text modifications for TS 36.214:
Proposal 1: “If subframes for restricted RRM measurement are indicated by higher-layer signal, RSRP is only measured in the indicated subframes.”
and
Proposal2: “If subframes for restricted RRM measurement are indicated by higher-layer signal, RSRQ is only measured in the indicated subframes and OFDM symbols containing reference symbols for antenna port 0 of serving cell.”
Also we have a proposal to limit RSRQ measurement:

Proposal 3: The restricted measurement set of serving cell and neighbour cell for RSRQ should be the same.
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Appendix : simulation parameters
Table1. Simulation parameters
	parameters
	value

	Scenarios
	TDD subframe configuration 1;

Special subframe configuration 8.

	Tx antenna 
	1

	Rx antenna 
	2

	Serving cell signal to noise ratio SNR
	-6 dB

	interfering cell signal to noise ratio SNR
	5 dB

	CRS colliding case
	no

	Channel model
	AWGN

	Measurement bandwidth
	1.4 MHz

	Measurement period
	200ms
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