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1 Introduction
In last RAN4#66 meeting, in the way forward on demodulation[1], timing offset and frequency shift[2] for FeICIC were agreed. Based on the way forward, this contribution shows the simulation results for RLM. From the results, we provide our view on UE behavior in handling timing offset and frequency shift. We consider timing offset of 3us and frequency shift of 300Hz [2] in this simulation.
2 Discussion
2.1 Simulation assumption
The basic parameters are as follows. 
· PDCCH formats

· Out-of-sync: 8CCE DCI1A 10 MHz

· In-sync: 4CCE DCI1C 10 MHz

· Channel model for both Serving cell and Interfering cell

· ETU30 (Baseline)
· ABS types
- Non-MBSFN ABS 
· Interfering cell

· Option 1: The first dominant interferer with CRS collision

                The second dominant interferer without CRS collision
· SNR
· Serving cell SNR: -14 to 0 dB

· First dominant interferer SNR: 4dB
· Second dominant interferer SNR: 2dB 

· Reference receiver : 
· 2 CRS-IC receiver 

The following tables give the simulation assumptions of both serving cell and interfering cells for RLM in FeICIC.

· Table 2-1. RLM Simulation Scenarios.
	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point

	RLM1-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	10%

	RLM2-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	2%

	


· Table 2-2. Out-of sync PCFICH/PDCCH assumptions for Serving cell
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly.

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = 1 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal 

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	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.

	Cyclic prefix
	Normal

	Scheduling rate
	Up to ABS patterns 

	Blind decoding
	Not taken into account in the simulations

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 sub-frames at minimum

	Serving cell SNR
	-14dB to 0dB


· Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

· Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling [Ng (N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).
· Table 2-3. In sync PCFICH/PDCCH assumptions for Serving cell
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly.

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = -3 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	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.

	Cyclic prefix
	Normal

	Scheduling rate
	Up to ABS patterns

	Blind decoding
	Not taken into account in the simulations

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 sub-frames at minimum


· Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

· Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling [Ng (N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).

· Table 2-4. Simulation Assumptions for the First Strongest Dominant Interferer
	Common parameters
	Value

	General Interference setup
	AWGN for background noise modeling; 

Interfering cell has full RB transmission in both control and data region on normal subframes; 

For ABS subframes:

· only CRS transmission in Non-MBSFN ABS/MBSFN ABS subframes.(Reuse Rel-10 methodology)



	The first strongest interferer SNR
	4dB

	Physical cell ID PCI 1
	Option 1: (PCI-PCIserving) mod 3 =0
Option 2: (PCI-PCIserving) mod 3 !=0

	ABS patterns
	For FDD:

   Normal ABS:  [10000000100000001000
00001000000010000000]

   MBSFN ABS: [01000000100000001000
00000010000001000000]

For TDD:

Normal ABS: [10000000001000000000]
MBSFN ABS:[00001000000000100000]


· Table 2-5. Simulation Assumptions for the Second Strongest Dominant Interferer
	Common parameters
	Value

	General Interference setup
	AWGN for background noise modeling; 

Interfering cell has full RB transmission in both control and data region on normal subframes; 

For ABS subframes:

· only CRS transmission in Non-MBSFN ABS/MBSFN ABS subframes.(Reuse Rel-10 methodology)



	The first strongest interferer SNR
	2dB

	Physical cell ID PCI 1
	Option 1: (PCI-PCIserving) mod 3 !=0

Option 2: (PCI-PCIserving) mod 3 =0 

	ABS patterns
	For FDD:

   Normal ABS:  [10000000100000001000
00001000000010000000]

   MBSFN ABS: [01000000100000001000
00000010000001000000]

For TDD:

Normal ABS:  [10000000001000000000]
MBSFN ABS: [00001000000000100000]


2.2 Simulation Results
· Option 1 :  (1st interferer with colliding CRS, 2nd interferer without colliding)
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Figure 2-1. PDCCH BLER of RLM1-1(Out of Sync.) w.r.t Option1  
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Figure 2-2. PDCCH BLER of RLM2-1(In Sync.) w.r.t Option1 
At BLER of 0.1 and 0.02 for out of synchronization and in synchronization, the corresponding SNR points are summarized in table 2-6 and 2-7 respectively.

Table 2-6: SNR corresponding to BLER of 0.1(Out of sync.)
	SingleCell
	NoIC
	2IC w/o C at[3us,300Hz]
	2IC w/ C at[3us,300Hz]
	Difference b.t.w 2IC w/o C at[3us,300Hz] and NoIC

	-9.3
	-6.1
	-8.4
	-8.3
	2.3


Table 2-7: SNR corresponding to BLER of 0.02(In sync.)
	SingleCell
	NoIC
	2IC w/o C at[3us,300Hz]
	2IC w/ C at[3us,300Hz]
	Difference b.t.w 2IC w/o C at[3us,300Hz] and NoIC

	-4.4
	-1.6
	-3.6
	-3.5
	2.0


From these results, the following is observed.
· Observation 1 : For timing offset of 3us and frequency shift of 300Hz, there is no significant difference of throughput with or without compensating theses offsets.  
Therefore, we propose as follows.
· Proposal 1 : In RLM test case,  time offset of 3us and frequency shift of 300Hz can be considered. 
· Proposal 2 : In RLM test case,  compensation of time offset and frequency shift should not be mandated for minimum performance.
In addition, to derive 5 SNR points such as SNR1, SNR2, SNR3, SNR4 and SNR5 for test case,  we propose to use the value of adding 0.5dB to margins used in Rel-10 eICIC .  Here, 0.5dB is  additional margin for implementation of  IC receiver.
· Proposal 3 : To derive 5 SNR values in RLM test, we propose to use margin1 of 4dB and margin2 of 3.5dB which are the values of adding 0.5dB to margins used in Rel-10 eICIC.
3 Conclusion
In this contribution, we provided the simulation results and some observations of RLM performance assuming time offset and frequency shift. Based on the observations, we propose the followings for evaluating  RLM requirements.

· Proposal 1 : In RLM test case,  time offset of 3us and frequency shift of 300Hz can be considered. 
· Proposal 2 : In RLM test case,  compensation of time offset and frequency shift should not be mandated for minimum performance.

· Proposal 3 : To derive 5 SNR values in RLM test, we propose to use margin1 of 4dB and margin2 of 3.5dB which are the values of adding 0.5dB to margins used in Rel-10 eICIC.
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