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1 Introduction

In RAN4 meeting #66bis, the UE behaviour for the interference measurement under the CRS colliding scenario was discussed in [1]. The following question was discussed:
· Whether UE should mitigate the CRS interference for the interference measurement in the CRS-colliding scenario?
In this contribution, we will share our views on this question from the performance perspective. The simulation results are also provided to show the performance loss when the UE behave improperly. And the implication for network deployment will also be analyzed.
2 Discussion 

UE can always conduct CRS interference mitigation to improve channel estimation and demodulation performance. But if the CRS of serving cell collides with the CRS of aggressor cell, UE need properly decide how to estimate the interference (either before CRS interference mitigation or after CRS interference mitigation) for interference rejection and CSI measurement. The wrong decision may lead to the significant performance loss. 

A direct way to avoid the loss is to inform UE the ABS pattern of the aggressor cell. But there would be some problems and it is not supported by specification. The alternative solution is based on the CRS assistance information defined in TS36.331. In TS36.331, the new signalling was introduced to assist UE to perform CRS interference mitigation for R.11 FeICIC, which is listed as follows.
----------------------------------------------------- Text in TS36.331 ----------------------------------------------------------------------------

CQI-ReportConfig-r10 ::=
SEQUENCE {


cqi-ReportAperiodic-r10



CQI-ReportAperiodic-r10


OPTIONAL,
-- Need ON


nomPDSCH-RS-EPRE-Offset


INTEGER (-1..6),


cqi-ReportPeriodic-r10



CQI-ReportPeriodic-r10


OPTIONAL,
-- Need ON


pmi-RI-Report-r9




ENUMERATED {setup}



OPTIONAL,
-- Cond PMIRIPCell


csi-SubframePatternConfig-r10

CHOICE {



release






NULL,



setup






SEQUENCE {




csi-MeasSubframeSet1-r10


MeasSubframePattern-r10,




csi-MeasSubframeSet2-r10


MeasSubframePattern-r10



}


}
















OPTIONAL
-- Need ON

}

MeasSubframePatternPCell-r10 ::=

CHOICE {


release







NULL,


setup






MeasSubframePattern-r10

}

NeighCellsCRS-Info-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r11

CRS-AssistanceInfo-r11 ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList,


...
}
neighCellsCRS-Info

This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in TS 36.101 [42]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1.Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in TS 36.101 [42].
---------------------------------------------------- Text in TS36.331 ----------------------------------------------------------------------------

According to above specification, we try to summarize the cases for CRS colliding scenarios in Table 1. Here we mainly focus on the demodulation behaviour for CSI measurement restricted subframe sets.
Table 1: Summary of cases for CRS colliding scenario
	Case
	Description of aggressor cell
	CSI restrict subset
	UE behaviour

	1
	Cell within list of NeighCellsCRS-Info-r11
	csi-MeasSubframeSet1
	Measure interference after CRS interference mitigation

	2
	Cell within list of NeighCellsCRS-Info-r11
	csi-MeasSubframeSet2
	Measure interference before CRS interference mitigation

	3
	Cell out of  list of NeighCellsCRS-Info-r11
	csi-MeasSubframeSet1
	Measure interference before CRS interference mitigation

	4
	Cell out of  list of NeighCellsCRS-Info-r11
	csi-MeasSubframeSet2
	Measure interference before CRS interference mitigation

	5
	NeighCellsCRS-Info-r11 is not provided
	csi-MeasSubframeSet1
	Measure interference before CRS interference mitigation

	6
	NeighCellsCRS-Info-r11 is not provided
	csi-MeasSubframeSet1
	Measure interference before CRS interference mitigation


For Case 1 it would be clear in the specification. For Case 2~6, there would be no clear clarification on UE behaviour in the standard. In Case 2~6, the aggressor cells might configure the given subframe either as ABS or non-ABS. But it would be difficult for UE to know it. So the conservative behaviour would be to perform the interference measurement before CRS interference mitigation, which could be viewed as the default UE behaviour. This behaviour could not result in the significant performance loss depending on the network configuration. It might be feasible for network to mainly use subframes overlapping with ABS for pico CRE UE data transmission.
Furthermore, for Case2~6, UE can always perform blind detection to justify which subframe is ABS or light-overloaded/zero-overloaded. Correspondingly UE can improve the accuracy of interference estimation and then the demodulation/CSI performance. But this behaviour is not mandated by standard.
Based on the above analyses, we want to clarify that 
· Proposal: For the interference measurement, UE will mitigate the CRS interference from the aggressor cells, if the aggressor cells are within the list of NeighCellsCRS-Info-r11and the subframes under measurement are indicated by csi-MeasSubframeSet1. Otherwise, UE can measure the interference without mitigating the CRS interference.
And we also have the following observations:

· Observation 1: UE could blindly decide whether to mitigate CRS for interference measurement in Case 2~6 to improve the performance.
3 Performance evaluation 
In this section, we will provide the simulation results to show the performance loss due to the improper UE behaviour. The following cases will be evaluated:

· Mitigate CRS interference for the interference measurement in ABS;
· Not mitigate CRS interference for the interference measurement in ABS;

· Mitigate CRS interference for the interference measurement in non-ABS;

· Not mitigate CRS interference for the interference measurement in non-ABS.

The detailed simulation assumptions are listed in Table 2, and the simulation results in Figure 1. 

Table 2: Simulation assumptions 
	Parameters
	Value

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Power allocation
	No downlink power boosting

	Transmission mode 
	PDSCH TM3, RANK adaptation

	MCS
	PUCCH 1-0, 10% olla

	Resource allocation
	50PRB

	HARQ
	Maximum 4 re-transmission

	Propagation condition
	ETU5 for serving cell
EVA for  aggressor cells

	Antenna configuration
	2×2 low for serving cell and aggressor cells

	Interference condition
	EI1/Noc = 14dB, CRS colliding

EI2/Noc = 12dB, CRS non-colliding

	Interference type
	CRS only

CRS+PDSCH TM3

	Noc 
	Single Noc level

	Time offset and frequency shift
	(0us, 0Hz) for both aggressors
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a)  ABS: only CRS interference
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b)  non-ABS: CRS+PDSCH interference

Figure 1: Simulation results for the impact of interference measurement
From the simulation results, it is found that 
· When the interference from the aggressor cell is CRS only, the interference measurement for demodulation and CSI should not include the CRS interference. Otherwise the performance will get loss.
· When the interferences from the aggressor cell is CRS plus PDSCH, the performance difference between the interference measurement with and without CRS mitigation would be small. But it is better to measure interference without mitigation.
Therefore we have the following observations

· Observation 2: The demodulation performance will degrade if the improper UE interference measurement is performed in CRS colliding scenario. Especially in ABS or equivalent interference background, not to mitigate CRS for interference measurement would result in the significant performance loss.
4 Conclusion
In this paper, we try to discuss the UE behaviour on how to perform interference measurement for demodulation and CSI in CRS colliding scenario. The following proposal and observation could be obtained.
· Proposal: For the interference measurement, UE will mitigate the CRS interference from the aggressor cells, if the aggressor cells are within the list of NeighCellsCRS-Info-r11and the subframes under measurement are indicated by csi-MeasSubframeSet1. Otherwise, UE can measure the interference without mitigating the CRS interference.
· Observation 1: UE could blindly decide whether to mitigate CRS for interference measurement in Case 2~6 to improve the performance.
· Observation 2: The demodulation performance will degrade if the improper UE interference measurement is performed in CRS colliding scenario. Especially in ABS or equivalent interference background, not to mitigate CRS for interference measurement would result in the significant performance loss.
It would be beneficial for network to mainly use subframes overlapping with ABS for pico CRE UE data transmission.
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