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1 Introduction

In RAN4 #65 meeting, the core requirement of RLM was agreed in [1]. Moreover, the preliminary test case list for FeICIC feature was also discussed [2], in which some high level configuration test parameters were proposed. It is obvious that, for the core part requirement, the corresponding RLM test cases shall be added in FeICIC to verify the performance with CRS assistance information and CRS handling feature of the UEs. Thus, the out-of-sync and in-sync test cases shall be considered.

Based on the Rel-8 and Rel-10 RLM test cases, in this contribution, we give some preliminary discussion on the RLM test cases in FeICIC. The test configurations are discussed in detailed in section 2. Furthermore, the text proposal is given in section 5 for both out-of-sync and in-sync test cases.

2 Discussions
In this section, we discuss the key parameters and some open issues in FeICIC RLM test cases. 

First of all, due to two strong interfering aggressor cells, three cells shall be considered in the FeICIC RLM test cases. For the PCFICH/PDCCH/PHICH parameters, R.7 FDD shall be adopted because there is no extended PHICH for the FeICIC RLM. The OCNG pattern shall also reuse the configurations in the Rel-8 RLM test cases for each cell, i.e., OP.2 FDD.
Secondly, for the timing offset between the cells, according to the simulation assumption in [3], different companies gave the simulation results based on the corresponding parameters. However, maybe different companies have some different setting in the timing offset in simulation. In the FeICIC RLM test case, taking the simulation assumptions and test setting complexity into account, it is proposed as:
Option 1:

·  Time offset between Cell 1 and Cell 2 is 3us

·  Time offset between Cell 1 and Cell 3 is 3us

·  Time offset between Cell 2 and Cell 3 is 0us.

Option 2:

· Time offset between Cell 1 and Cell 2 is 1.5us

·  Time offset between Cell 1 and Cell 3 is -1.5us

·  Time offset between Cell 2 and Cell 3 is 3us.

From Huawei’s perspective, the preference is Option1.
Thirdly, the two strongest aggressor cells shall be the neighbouring cell with 4dB Es/Noc and 2dB Es/Noc setting, respectively. Furthermore, for the ABS pattern configurations, it is also suggested that both of the neighbouring cell use the same ABS pattern. Since in the simulations, on the CRS RE, only the first strongest cell is CRS collided with the victim cell, and the UE shall cancel the CRS interference with the IC implementation algorithm. However, if the second strongest cell does not configure the ABS, thus, the other common channels or signals will interfere the CRS RE of the victim cell seriously. Therefore, it is a simple and reasonable way to set the two cells configuring the same ABS patterns.
Fourthly, the CRS assistance information shall be considered in the FeICIC RLM test cases. Similar as the ABS measurement pattern, the CRS assistance information shall be provided in the test cases and give some description based on TS 36.331. However, since the CRS assistance information is mainly including:
CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

It is proposed that, a new table shall be added for the CRS assistance information in the test cases, and the corresponding information shall consider the PCI of the two strongest interfering cells. Moreover, the antenna port number shall be also gave the values. Furthermore, for the MBSFN-SubframeConfiglist, since it is optional, and the ABS pattern has been configured which does not use the MBSFN subframe. Therefore, it is no meaning for the RLM test case to give the MBSFN-SubframeConfiglist configurations. Therefore, the MBSFN- SubframeConfiglist can be not configured in the test.
Finally, for the SNR values, our contribution of [4] is proposed the Qin and Qout, and the corresponding margin in the FeICIC RLM test cases. Based on the different companies’ simulation results, The SNR1-SNR5 values of FeICIC RLM tests are proposed to be [0.6]dB, [-4.2]dB, [-12.2]dB, [-7.6]dB, [-0.6]dB.

3 Conclusion

In this contribution, we give some preliminary discussion on the RLM test cases in FeICIC. The test configurations are discussed in detailed in section 2. In order to give some initial work on RLM test case, the text proposal is given in section 5 for both FDD out-of-sync and in-sync test cases. 
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5 Text Proposal
A.7.3.17 E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information by Non-MBSFN ABS
A.7.3.17.1
Test Purpose and Environment

The purpose of this test is to verify that the UE, which is supporting the common channel interference handling and CRS interference handling features, properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the serving cell under time domain measurement resource restriction with CRS assistance information. This test will partly verify the E-UTRAN FDD radio link monitoring requirements in clause 7.6.

The test parameters are given in Tables A.7.3.17.1-1, A.7.3.17.1-2, and A.7.3.17.1-3 below. The test consists of three successive time periods, with time duration of T1, T2 and T3 respectively. Figure A.7.3.17.1-1 shows the variation of the downlink SNR in the active cell to emulate out-of-sync and in-sync states. Prior to the start of the time duration T1, the UE shall be fully synchronized to cell 1. The UE shall be configured for periodic CQI reporting in PUCCH 1-0 mode with a reporting periodicity of 2 ms.
Non-MBSFN ABS pattern is configured in both of aggressor Cell 2 and aggressor Cell 3 in this test. The UE is configured by higher layers with a time domain measurement restriction pattern for performing serving cell measurements. Moreover, the UE is configured by higher layers with the CRS assistance information for the neighbouring aggressor cells including Cell 2 and Cell 3, which shall be valid during T1, T2 and T3 in this test. The ABS patterns and CRS assistance information shall be configured prior to the start of T1.
Table A.7.3.17.1-1: General test parameters for E-UTRAN FDD out-of-sync testing under time domain measurement resource restriction with CRS Assistance Information by Non-MBSFN ABS
	Parameter
	Unit
	Value
	Comment

	PCFICH/PDCCH/PHICH parameters
	
	R.7 FDD
	As specified in clause A.3.1.2.1.

None of the PDCCH are intended for the UE under test

	OCNG parameters
	
	OP.2 FDD
	As specified in section A.3.2.1.2.

	Serving cell (PCell)
	
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	Neighbor cell
	
	Cell 2, Cell 3
	Both of aggressor cells on E-UTRA RF channel number 1

	Neighbor cell ABS configuration
	
	Non-MBSFN  ABS
	As defined in Table A.3.4.1.2-1

	CP length
	
	Normal
	

	E-UTRA RF Channel Number
	
	1
	One E-UTRA FDD carrier frequency is used.

	E-UTRA Channel Bandwidth (BWchannel)
	MHz
	10
	

	Correlation Matrix and Antenna Configuration
	
	2x2 Low
	Correlation Matrix and Antenna Configuration are defined in TS 36.101 [5] Annex B.2.3.2

	Out of sync transmission parameters (Note 1)
	DCI format
	
	1A
	As defined in clause 5.3.3.1.3 in TS 36.212

	
	Number of Control OFDM symbols
	
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in clause 7.6.1 and Table 7.6.1-1 respectively.

	
	Aggregation level
	CCE
	8
	

	
	(A, (B
	
	-3
	

	
	Ratio of PDCCH to RS EPRE
	dB
	1
	

	
	Ratio of PCFICH to RS EPRE
	dB
	1
	

	DRX
	
	OFF
	

	Layer 3 filtering
	
	Enabled
	Counters:: N310 = 1; N311 = 1

	T310 timer
	ms
	0
	T310 is disabled

	T311 timer
	ms
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	PUCCH 1-0
	As defined in table 7.2.2-1 in TS 36.213.

	CQI reporting periodicity
	ms
	2
	Minimum CQI reporting periodicity

	Time offset between Cell 1 and Cell 2
	
	3 (s
	Synchronous cells

	Time offset between Cell 1 and Cell 3
	
	3 (s
	Synchronous cells

	Time offset between Cell 2 and Cell 3
	
	0 (s
	Synchronous cells

	T1
	s
	1
	

	T2
	s
	0.4
	

	T3
	s
	0.5
	

	Physical cell ID PCI for Cell 1 and Cell 2
	
	(PCIcell1-PCIcell2 )mod3 = 0
	Cell IDs are chosen such that CRS from cells 1 and 2 overlapped in frequency

	Physical cell ID PCI for Cell 1 and Cell 3
	
	(PCIcell1-PCIcell3 )mod3 != 0
	Cell IDs are chosen such that CRS from cells 1 and 3 do not overlap in frequency

	ABS pattern for Cell 2 and Cell 3
	
	‘1000000010000000100000001000000010000000’
	FDD ABS Pattern Info IE, as defined in TS 36.423, clause 9.2.54. Configured in both Cell 2 and Cell 3.
The first/leftmost bit corresponds to the PCell subframe #0 SFN 0. No MBSFN subframes are configured in the ABS subframes. 
Both of the Cell 2 and Cell 3 shall have the same ABS pattern. 

	Time domain measurement resource restriction pattern
	
	‘1000000010000000100000001000000010000000’
	Time domain measurement resource restriction pattern for serving cell measurement signalled to the UE in message measSubframePatternPCell-r10 as defined in TS 36.331, clause 6.3.2.

	Note 1: 
PDCCH/PCFICH corresponding to the out of sync transmission parameters need not be included in the Reference Measurement Channel


Table A.7.3.17.1-2: CRS Assistance Information for E-UTRAN FDD out-of-sync tests
	Field
	Test
	Comment

	
	Value
	Value
	

	physCellId-r11
	PCIcell2
	PCIcell3
	The CRS assistance information signalled to the UE in message CRS-AssistanceInfo as defined in TS 36.331, clause 6.3.2.

	antennaPortsCount-r11
	an2
	an2
	

	mbsfn-SubframeConfigList-r11
	disable
	disable
	


Table A.7.3.17.1-3: Cell specific test parameters for E-UTRAN FDD for out-of-sync radio link monitoring under time domain measurement resource restriction with CRS Assistance Information by Non-MBSFN ABS
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T1
	T2
	T3
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1
	1

	BWchannel
	MHz
	10
	10
	10

	Correlation Matrix and Antenna Configuration
	
	2x2 Low 
	2x2 Low 
	2x2 Low 

	OCNG Pattern defined in A.3.2.1 (FDD)
	
	OP.2 FDD
	OP.2 FDD
	OP.2 FDD

	(A, (B
	
	-3
	-3
	-3

	PCFICH_RB
	dB
	1
	Non-ABS and ABS subframe channel powers defined in Table A.3.4.1.2-1.
	Non-ABS and ABS subframe channel powers defined in Table A.3.4.1.2-1.

	PDCCH_RA
	dB
	1
	
	

	PDCCH_RB
	dB
	1
	
	

	PBCH_RA
	dB
	-3
	
	

	PBCH_RB
	dB
	
	
	

	PSS_RA
	dB
	
	
	

	SSS_RA
	dB
	
	
	

	PHICH_RA
	dB
	
	
	

	PHICH_RB
	dB
	
	
	

	PDSCH_RA
	dB
	
	
	

	PDSCH_RB
	dB
	
	
	

	OCNG_RANote1
	dB
	
	
	

	OCNG_RBNote1 
	dB
	
	
	

	SNR Note 6
	dB
	[-0.6]
	[-4.2]
	[-12.2]
	4
	2
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	dBm/15 kHz
	-98
	-98
	-98

	Propagation condition
	
	ETU 30 Hz
	ETU 30 Hz
	ETU 30 Hz

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:
SNR levels correspond to the signal quality, signal-to-interference-plus-noise ratio, on the CRS REs.

Note 6:
The SNR in the restricted measurement subframes during time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in figure A.7.3. 17.1-1.
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Figure A.7.3.17.1-1 SNR variation for out-of-sync testing

A.7.3.17.2
Test Requirements

The UE behaviour in each test during time durations T1, T2 and T3 shall be as follows:
During the period from time point A to time point B the UE shall transmit uplink signal at least in all subframes configured for CQI transmission according to the configured CQI reporting mode (PUCCH 1-0).
The UE shall stop transmitting uplink signal no later than time point C (240 ms after the start of time duration T3).

The rate of correct events observed during repeated tests shall be at least 90%.
A.7.3.19
E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information by Non-MBSFN ABS
A.7.3.19.1
Test Purpose and Environment

The purpose of this test is to verify that the UE, which is supporting the common channel interference handling and CRS interference handling features, properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the serving cell under time domain measurement resource restriction with CRS assistance information. This test will partly verify the E-UTRAN FDD radio link monitoring requirements in clause 7.6.

The test parameters are given in Tables A.7.3.19.1-1, A.7.3.19.1-2 and A.7.3.19.1-3 below. There are three cells in the test: Cell 1 is the Active cell, Cell 2 and Cell 3 are the Neighboring aggressor  cell. The test consists of five successive time periods, with time duration of T1, T2, T3, T4 and T5 respectively. Figure A.7.3.11.1-1 shows the variation of the downlink SNR in the active cell to emulate out-of-sync and in-sync states. Prior to the start of the time duration T1, the UE shall be fully synchronized to cell 1. The UE shall be configured for periodic CQI reporting in PUCCH 1-0 mode with a reporting periodicity of 2 ms. 

Non-MBSFN ABS pattern is configured in both of aggressor Cell 2 and aggressor Cell 3 in this test. The UE is configured by higher layers with a time domain measurement restriction pattern for performing serving cell measurements. Moreover, the UE is configured by higher layers with the CRS assistance information for the neighbouring aggressor cells including Cell 2 and Cell 3, which shall be valid during T1, T2 and T3 in this test. The ABS patterns and CRS assistance information shall be configured prior to the start of T1.
Table A.7.3.19.1-1: General test parameters for E-UTRAN FDD in-sync testing under time domain measurement resource restriction with CRS Assistance Information by Non-MBSFN ABS
	Parameter
	Unit
	Value
	Comment

	PCFICH/PDCCH/PHICH parameters
	
	R.7 FDD
	As specified in clause A.3.1.2.1.

None of the PDCCH are intended for the UE under test

	OCNG parameters
	
	OP.2 FDD
	As specified in section A.3.2.1.2.

	Active cell
	
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	Neighbor cell
	
	Cell 2
	Cell 2 is on E-UTRA RF channel number 1; Cell 2 generates interference over restricted resources.

	Neighbor cell ABS configuration
	
	Non-MBSFN  ABS
	As defined in Table A.3.4.1.2-2

	Serving cell (PCell)
	
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	Neighbor cell
	
	Cell 2, Cell 3
	Both of aggressor cells on E-UTRA RF channel number 1. Cell 2 and Cell 3 generate interference over restricted resources.

	Neighbor cell ABS configuration
	
	Non-MBSFN  ABS
	As defined in Table A.3.4.1.2-1

	CP length

	
	Normal
	

	E-UTRA RF Channel Number
	
	1
	One E-UTRA FDD carrier frequency is used.

	E-UTRA Channel Bandwidth (BWchannel)
	MHz
	10
	

	Correlation Matrix and Antenna Configuration
	
	2x2 Low 
	Correlation Matrix and Antenna Configuration are defined in TS 36.101 [5] Annex B.2.3.2

	In sync transmission parameters for the active cell

(Note 1)
	DCI format
	
	1C
	As defined in section 5.3.3.1.4 in TS 36.212

	
	Number of Control OFDM symbols
	
	2
	In sync threshold Qin and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in section and Table 7.6.1-2 respectively.

	
	Aggregation level 
	CCE
	4
	

	
	(A, (B
	
	-3
	

	
	Ratio of PDCCH to RS EPRE
	dB
	-3
	

	
	Ratio of PCFICH to RS EPRE
	dB
	1
	

	Out of sync transmission parameters for active cell (Note 1)
	DCI format
	
	1A
	As defined in section 5.3.3.1.3 in TS 36.212

	
	Number of Control OFDM symbols
	
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in section 7.6.1 and Table 7.6.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	

	
	(A, (B
	
	-3
	

	
	Ratio of PDCCH to RS EPRE
	dB
	1
	

	
	Ratio of PCFICH to RS EPRE
	dB
	1
	

	DRX
	
	OFF
	

	Layer 3 filtering
	
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	2000
	T310 is enabled

	T311 timer
	ms
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	PUCCH 1-0
	As defined in table 7.2.2-1 in TS 36.213. 

	CQI reporting periodicity
	ms
	2
	Minimum CQI reporting periodicity

	Time offset between Cell 1 and Cell 2
	
	3 (s
	Synchronous cells

	Time offset between Cell 1 and Cell 3
	
	3 (s
	Synchronous cells

	Time offset between Cell 2 and Cell 3
	
	0 (s
	Synchronous cells

	Propagation channel
	
	ETU30
	

	T1
	s
	0.5
	

	T2
	s
	0.4
	

	T3
	s
	1.46
	

	T4
	s
	0.4
	

	T5
	s
	1
	

	Physical cell ID PCI for Cell 1 and Cell 2
	
	(PCIcell1-PCIcell2 )mod3 = 0
	Cell IDs are chosen such that CRS from cells 1 and 2 overlapped in frequency

	Physical cell ID PCI for Cell 1 and Cell 3
	
	(PCIcell1-PCIcell3 )mod3 != 0
	Cell IDs are chosen such that CRS from cells 1 and 3 do not overlap in frequency

	ABS pattern for Cell 2 and Cell 3
	
	‘1000000010000000100000001000000010000000’
	FDD ABS Pattern Info IE, as defined in TS 36.423, clause 9.2.54. Configured in both Cell 2 and Cell 3.
The first/leftmost bit corresponds to the PCell subframe #0 SFN 0. No MBSFN subframes are configured in the ABS subframes. 
Both of the Cell 2 and Cell 3 shall have the same ABS pattern. 

	Time domain measurement resource restriction pattern
	
	‘1000000010000000100000001000000010000000’
	Time domain measurement resource restriction pattern for serving cell measurement signalled to the UE in message measSubframePatternPCell-r10 as defined in TS 36.331, clause 6.3.2.

	Note 1: 
PDCCH/PCFICH corresponding to the in-sync and out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table A.7.3.19.1-2: CRS Assistance Information for E-UTRAN FDD In-sync tests
	Field
	Test
	Comment

	
	Value
	Value
	

	physCellId-r11
	PCIcell2
	PCIcell3
	The CRS assistance information signalled to the UE in message CRS-AssistanceInfo as defined in TS 36.331, clause 6.3.2.

	antennaPortsCount-r11
	an2
	an2
	

	mbsfn-SubframeConfigList-r11
	disable
	disable
	


Table A.7.3.19.1-3: Cell specific test parameters for E-UTRAN FDD for in-sync radio link monitoring under time domain measurement resource restriction with CRS Assistance Information by Non-MBSFN ABS
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T1
	T2
	T3
	T4
	T5
	T1-T5
	T1-T5

	E-UTRA RF Channel Number
	
	1
	1
	1

	BWchannel
	MHz
	10
	10
	10

	Correlation Matrix and Antenna Configuration
	
	2x2 Low 
	2x2 Low 
	2x2 Low 

	PCFICH/PDCCH/PHICH parameters
	
	R.7 FDD
	R.7 FDD
	R.7 FDD

	Number of Control OFDM symbols
	
	2
	2
	2

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	OP.2 FDD
	OP.2 FDD
	OP.2 FDD

	(A, (B
	
	-3
	-3
	-3

	PCFICH_RB
	dB
	1
	Non-ABS and ABS subframe channel powers defined in Table A.3.4.1.2-2.
	Non-ABS and ABS subframe channel powers defined in Table A.3.4.1.2-2.

	PDCCH_RA
	dB
	-3
	
	

	PDCCH_RB
	dB
	-3
	
	

	PBCH_RA
	dB
	-3
	
	

	PBCH_RB
	dB
	
	
	

	PSS_RA
	dB
	
	
	

	SSS_RA
	dB
	
	
	

	PHICH_RA
	dB
	
	
	

	PHICH_RB
	dB
	
	
	

	PDSCH_RA
	dB
	
	
	

	PDSCH_RB
	dB
	
	
	

	OCNG_RANote 1
	dB
	
	
	

	OCNG_RBNote 1 
	dB
	
	
	

	SNR Note 6
	dB
	[-0.6]
	[-4.2]
	[-12.2]
	[-7.6]
	[-0.6]
	4
	2
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	dBm/15 kHz
	-98
	-98
	-98

	Propagation condition
	
	ETU30 
	ETU30
	ETU30

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.
Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:
SNR levels correspond to the signal to noise ratio over the cell-specific reference signal REs.

Note 6:
The SNR in time periods T1, T2, T3, T4 and T5 of the active cell is denoted as SNR1, SNR2, SNR3, SNR4 and SNR5 respectively in figure A.7.3.19.1-1.
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Figure A.7.3.19.1-1 SNR variation in the active cell for in-sync testing under time domain measurement resource restriction
A.7.3.19.2
Test Requirements

The UE behaviour in each test during time durations T1, T2, T3, T4 and T5 shall be as follows:

During the period from time point A to time point F (420 ms after the start of time duration T5) the UE shall transmit uplink signal at least in all subframes configured for CQI transmission according to the configured CQI reporting mode (PUCCH 1-0).
The rate of correct events observed during repeated tests shall be at least 90%.
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