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1 Introduction

In RAN4 #66bis meeting, two wayforward contributions were agreed for RLM of FeICIC [1]-[2]. In [1], the time offset and frequency shift were determined by 
· Time offset
· Cell identification: (0,[-2.5]) μs
· RSRP/RSRQ: (0,[-2.5]) μs
· RLM: (3, 2) μs
· Demodulation and CSI: (3, -1) μs
Note: Timing offset (μs): (Cell 2 - Cell 1, Cell 3 - Cell 1); For RLM/Demodulation/CSI tests, Cell 1 is the serving cell and victim cell, Cell 2 is the 1st aggressor cell, and Cell 3 is the 2nd  aggressor cell.
· Frequency shift
· Cell identification: (0,0)Hz
· RSRP/RSRQ: (0,0)Hz
· RLM: (300, -100) Hz
· Demodulation and CSI: (300, -100)Hz
Note: Frequency Shift: (Cell 2 - Cell 1, Cell 3 - Cell 1); For RLM/Demodulation/CSI tests, Cell 1 is the serving cell and victim cell, Cell 2 is the 1st aggressor cell, and Cell 3 is the 2nd  aggressor cell.
In [2], the SNR deriving issue of RLM test case of FeICIC was also discussed. Three options were listed:
Option 1: Additional 0.5dB compared with Rel-10
· Margin 1: 4dB

· Margin 2: 3.5dB

Option 2: Reuse Rel-10 margin

· Margin 1: 3.5dB

· Margin 2: 3dB

Option 3:Other margins if possible
In our previous simulation contribution [3], the additional 0.5dB is proposed for considering the non-perfect interference cancellation function of UE. In this contribution, based on the latest agreed time offset and frequency shift values, the further simulation results of FeICIC RLM are provided. According to the simulation results, the margin for FeICIC RLM test case is proposed. 
2 Further Simulation Results and Discussion
2.1 Simulation Parameters
For the RLM simulation parameters, the important parameters are summarized in table 1 and table 2, respectively.
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	ETU 30

	System bandwidth
	MHz
	10

	Measurement bandwidth
	MHz
	10

	Serving cell SNR
	dB
	[-14, 0]

	Power allocation: 2 TX for out-of-sync
	dB
	PDCCH_RA = PDCCH_RB = 1 dB
PCFICH_RA = PCFICH_RB = 1 dB

	Power allocation: 2 TX for in-sync
	dB
	PDCCH_RA = PDCCH_RB = -3 dB
PCFICH_RA = PCFICH_RB = 1 dB

	PDCCH content for serving cell
	
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.


Table 2  Simulation assumptions for time varying interference pattern
	Description
	Unit
	Value

	1st Interfering cell 
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	dB
	4

	2nd  Interfering cell 
[image: image2.wmf]oc

s

N

Ê


	dB
	2

	ABS pattern
	
	10000000

	CRS colliding with 1st Interfering cell
	-
	-

	Non-CRS colliding with 2nd Interfering cell
	-
	-

	Timing offset (Cell 2 - Cell 1, Cell 3 - Cell 1)
	us
	[3, 2]

	Frequency shift (Cell 2 - Cell 1, Cell 3 - Cell 1)
	Hz
	[300, -100]


The simulation scenario can be shown in Figure 1.
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Figure 1.  The simulation scenario for FeICIC RLM
2.2 Simulation Results
The simulation results of FeICIC RLM with (3, 2)us time offset and (300, -100)Hz frequency offset is shown in Figure 2.
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Figure 2. The simulation results of 1A/1C performance in FeICIC RLM

In order to show the simulation difference between eICIC and FeICIC, the 1A and 1C performance of eICIC is also provided in Figure 3 [4]. 
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Figure 3. The simulation results of 1A/1C performance in eICIC RLM

The simulation results of FeICIC, and the comparisons with FeICIC and eICIC can be summarized in Table 3.
Table 3. The simulation results summary of FeICIC RLM and eICIC RLM
	Scenario
	Offset Configurations
	Verification Point
	SNR values

	FeICIC RLM
	Time offset: (3, 2)us
	1A (10% BLER point)
	-7.80dB

	
	Fre_shift: (300, -100) Hz
	1C (2% BLER point)
	-4.02dB

	eICIC RLM
	Time offset: 0us
	1A (10% BLER point)
	-9.14dB

	
	Fre_shift: 0Hz
	1C (2% BLER point)
	-4.36dB


According to Table 3, the value of Qout is -7.8dB of FeICIC RLM, and the performance of Qin is -4.02dB. In next subsection, the margin of SNR deriving will be discussed.
2.3 Margins for SNR deriving of FeICIC RLM

Based on the simulation results, we can see that, even if the CRS IC, time offset estimation, and frequency shift estimation are considered, the 1A curve performance does not achieve the similar performances as the Rel-8 and Rel-10. Therefore, the new SNRs shall be proposed according to the FeICIC RLM simulation results with additional margin. 
According to [5], the methodology for deriving the SNR values in RLM test cases was proposed as follows:

1. SNR2 = 
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4. SNR5 = 
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5. And finally, SNR1 = SNR5.

[image: image10.emf]Qin

Qout

SNRlevel

A B C D E F

T1

T2

T3 T4 T5

[380+40] ms

SNR1

SNR2

SNR3

SNR4

SNR5


Figure 4. The SNR variation during the RLM tests

In the above, 
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 are the averages of verification points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively. 
Compared with the simulation results with Rel-10 and Rel-11 in Table 3, we can see that:
Observation 1:The performance of 1A curve of Rel-11 degrades obviously compared with that of Rel-10.

Observation 2:The performance of 1C curve of Rel-11 can approach nearly the same performance compared with that of Rel-10.
For the different SNR values of RLM, SNR2 and SNR3 are related to Qout value with the Margin 1. Since the Qout performance degrades obvious, we can analysis the difference scenario compared with Rel-10 and Rel-11. The corresponding analysis can be shown in Table 4.
Table 4. The different scenarios of RLM in Rel-10 and Rel-11
	Different scenario
	Rel-10 eICIC RLM
	Rel-11 FeICIC RLM

	Receiver
	Rel-8 receiver, without CRS IC
	Rel-11 receiver, with CRS IC

	Extended PHICH
	Yes, with 3 OFDM control symbols;

Not consider the PCFICH BLER.
	No, with 2 OFDM control symbols. Shall consider the PCFICH BLER.

	Time Offset
	0us
	(3, 2)us

	Frequency Shift
	0Hz
	(300, -100)Hz

	Colliding CRS or Non-colliding CRS
	Non-colliding CRS
	1 with colliding CRS, 1 without colliding CRS

	Interference level
	1dB
	4dB and 2dB


Since the interference cancellation, time offset estimation/compensation, and frequency shift estimation/compensation are implementation issues, and they can be not perfect in actual networks, therefore, the additional margin shall be considered to guarantee the robust of the RLM tests. Thus, based on the above analysis, two options can be considered:

Option 1: Margin 1: 4dB (with additional 0.5dB margin compared with Rel-10)

                      Margin 2: 3dB (same as Rel-10)


Option 2: Margin 1: 4dB (with additional 0.5dB margin compared with Rel-10)
                      Margin 2: 3.5dB (with additional 0.5dB margin compared with Rel-10)

From our point of view, both of the options are reasonable to be adopted in the Rel-11 test cases. Because the 1C performance has no much degradation in the performance, we slightly prefer option 1, i.e., for Margin 1, additional 0.5dB is needed, for Margin 2, same as Rel-10.Table 5 summarizes the different margins from Rel-8 to Rel-11.
Table 5. The different margin for SNR deriving in RLM test cases

	Scenarios
	Channel model
	Margin 1
	Margin 2

	RLM in Rel-8/Rel-9
	ETU 70
	3dB
	2.5dB

	eICIC RLM in Rel-10
	ETU 30
	3.5dB
	3dB

	FeICIC RLM in Rel-11
	ETU 30
	4dB
	3dB 


Proposal 1: Compared with Rel-10 margin 1, the additional 0.5dB margin shall be considered in Margin 1 for SNR deriving of FeICIC RLM, i.e., Margin 1=4dB.

Proposal 2: Compared with Rel-10 margin 2, the same value can be adopted in Rel-11, i.e., Margin 2=3dB.

3 Conclusion

In this contribution, we give the further discussion for the simulation results for RLM in FeICIC considering the frequency shift and time offset. Based on the simulations and analysis in this paper, we can obtain the following proposals:

Proposal 1: Compared with Rel-10 margin 1, the additional 0.5dB margin shall be considered in Margin 1 for SNR deriving of FeICIC RLM, i.e., Margin 1=4dB.

Proposal 2: Compared with Rel-10 margin 2, the same value can be adopted in Rel-11, i.e., Margin 2=3dB.

Furthermore, a text proposal of out-of-sync RLM test is given in section 5.
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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 and Non-MBSFN ABS
A.7.3.17.1 Test Purpose and Environment

The purpose of this test is to verify that the UE 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 and A.7.3.17.1-2 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 Pcell measurements. The UE is also provided via higher layers with the CRS assistance information for Cell 2 and Cell 3, which shall be valid during T1, T2 and T3 in this test. The information for both measurement patterns and the 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 and 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.6 FDD
	As specified in section A.3.2.1.6.

	PCell
	
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	Neighbor cells
	
	Cell 2 and 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 cells
	(s
	Cell 2 time offset with respect to Cell 1: 3
Cell 3 time offset with respect to Cell 1: 2
	Three synchronous cells

	Frequency shift between cells
	Hz
	Cell 2 frequency shift with respect to Cell 1: 300
Cell 3 frequency shift with respect to Cell 1: -100
	

	T1
	s
	1
	

	T2
	s
	0.4
	

	T3
	s
	0.5
	

	Physical cell IDs
	
	(PCIcell1-PCIcell2 )mod3 = 0

(PCIcell1-PCIcell3 )mod3!= 0
	Cell PCIs are selected so that both conditions are met

	ABS pattern
	
	‘1000000010000000100000001000000010000000’
	FDD ABS Pattern Info IE, as defined in TS 36.423, clause 9.2.54. The first/leftmost bit corresponds to the PCell subframe #0 SFN 0. No MBSFN subframes are configured in the ABS subframes. 

Configured in both Cell 2 and Cell 3 prior to the start of T1. 

	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.

	CRS assistance information
	physCellId
	
	see PCI conditions above
	The CRS assistance information is provided for Cell 2 only in CRS-AssistanceInfo. It includes a single MBSFN-SubframeConfig element with subframe allocation oneFrame=’000000’

	
	antennaPortsCount
	
	an2
	

	
	mbsfn-SubframeConfigList
	
	oneFrame = ‘000000’
	

	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: 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 and Non-MBSFN ABS
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T1
	T2
	T3
	T1-T3
	T1-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.3.2.1.6 (FDD)
	
	OP.6 FDD
	OP.6 FDD
	OP.6 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
	[TBD]
	[TBD]
	[TBD]
	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%.
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