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1 Introduction
In the previous meeting, a lot of progress has been made on FeICIC RLM. For the core part, a CR was agreed in [3], basically agreeing that all Rel.11 requirements are re-using Rel.10 and are under the condition that the UE has CRS assistance information. For the performance part, major agreements from the previous meetings on RLM include:

· The PCI of the first strongest interfering cell has colliding CRS with the victim cell. The PCI of the second strongest interfering cell has non-colliding CRS with the victim cell [4].

· The SNR deriving methodology in FeICIC RLM shall be similar with what we used in Rel-8 and Rel-10. Extra margin is FFS [4].
· The reference receiver for feICIC RLM/demodulation/CSI is assumed to operate with single FFT and mitigation of dominant interferers is performed in frequency domain [5]
· In RLM link level simulations and test cases, time offset and frequency shift between aggressor cells and serving cell is FFS. 

· Test case definition for time and frequency offset will be consistent with the link level assumptions used to derive the requirement

· RAN4 performance requirements are applicable if the timing offset or frequency shift between any aggressor cells and serving cell’s signal at the test equipment transmission port prior to the channel model is no greater than the values specified in the test.
· For demodulation requirements, PSS/SSS/PBCH shall be included in ABS subframes. Inclusion of SIB1 is FFS [6].
In the previous meeting, many companies submitted PDCCH BLER simulation results that are well aligned. They are based on agreements on side conditions and simulation assumptions from RAN4 #64bis [1] [2]:
· Interference side conditions: Es/Iot = -11.07dB, Ei,1/Noc=4dB, Ei,2/Noc=2dB;

· CRS colliding configuration:

· Option 1: The Pico cell has colliding CRS with the strongest aggressor and has non-colliding CRS with the second strongest aggressor cell;

· Option 2: The Pico cell has non-colliding CRS with the strongest aggressor and has colliding CRS with the second strongest aggressor cell;

· Prioritize non-MBSFN-ABS and do not preclude MBSFN-ABS for simulation;

Note that “option 1” was agreed in RAN4 #65.

In the previous meeting, we provided RLM evaluation results in [7] based on [1] [2]. In this contribution we provide updated RLM evaluation results taking agreements and discussions from RAN4 #65 into account.
2 Discussion
2.1 Simulation assumptions

Tables in this section summarize the simulation assumptions used for the simulations. They are mostly based on the agreed assumptions in [2] and further agreements from the last meeting. Changes from [2] and other highlights are denoted in red texts. Most notably, a timing offset of 3usec and a frequency offset of 200Hz were used for the simulations. As agreed in [5], a single FFT is used, and mitigation of dominant interferers is performed in frequency domain.
Table 1: FeICIC RLM simulation assumptions
	Assumption
	Value
	Comment

	Interferer side conditions
	Es/Noc of the first strongest cell = 4dB

Es/Noc of the second strongest cell = 2dB

Es/Noc of victim cell = -4dB
	

	PDCCH formats
	Out-of-sync: 8CCE DCI1A 10 MHz
In-sync: 4CCE DCI1C 10 MHz
	

	Channel model
	ETU30 (Baseline) for both Serving cell and Interfering cell
	

	ABS types
	Non-MBSFN ABS (high priority for simulations)
MBSFN ABS
	We simulated non-MBSFN ABS.

	Interfering cell
	Option 1: The first dominant interferer with CRS collision. The second dominant interferer without CRS collision.

Option 2: The first dominant interferer without CRS collision. The second dominant interferer with CRS collision.
	Option 1 was agreed in RAN4 #65.


Table 2. 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%

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

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

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

	Note: For MBSFN ABS case, interested companies can provide the simulation results.


Table 3. 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

	TDD frame structure
	Uplink-downlink configuration: 1 

Special sub-frame configuration: 6

	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 4. 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

	TDD frame structure
	Uplink-downlink configuration: 1 

Special sub-frame configuration: 6


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 5. 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:

CRS, PBCH, PSS, and SSS are transmitted in ABS. SIB1 is not transmitted in ABS.

	The first strongest interferer SNR
	4dB

	Timing offset
	0usec, 3usec

	Frequency offset
	0Hz, 200Hz

	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 6. 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:

CRS, PBCH, PSS, and SSS are transmitted in ABS. SIB1 is not transmitted in ABS.

	The second strongest interferer SNR
	2dB

	Timing offset
	0usec, 3usec

	Frequency offset
	0Hz, 200Hz

	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

Figure 1 shows the simulation results for the out-of-sync (scenario RLM 1-1) and in-sync (scenario RLM 2-1) cases. For reference, we also plot the corresponding PDCCH BLER for the case without the two aggressors. Table 7 summarizes the SNR values for the validation BLER points.

[image: image1.emf]-14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

10

-2

10

-1

10

0

Serving cell SNR (dB)

BLER

PDCCH BLER

 

 

Single cell, in-sync

Two aggressors CRS-IC, in-sync

Single cell, out-of-sync

Two aggressors CRS-IC, out-of-sync


Figure 1: PDCCH BLER for in-sync and out-of-sync (0usec, 0Hz)
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Figure 2: PDCCH BLER for in-sync and out-of-sync (3usec, 0Hz)
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Figure 3: PDCCH BLER for in-sync and out-of-sync (0usec, 200Hz)
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Figure 4: PDCCH BLER for in-sync and out-of-sync (3usec, 200Hz)
The following table summarizes the simulation results.
Table 7: FeICIC RLM simulation results
	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point
	SNR w/ aggressors and CRS-IC
	SNR w/o aggressors

	RLM1-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	10%
	-7.8dB
	-9.6dB

	RLM2-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	ETU 30 Hz
	2%
	-3.8dB
	-5.2dB


It is observed that the SNR values at the verification points are 1.7dB and 1.4dB higher for out-of-sync and in-sync, respectively, compared to the single cell cases.
2.3 Further discussion
2.3.1 CRS mitigation

In [8] we show that two-aggressor CRS mitigation is necessary. In particular, from the RLM point of view, unless UE cancels two aggressors, the RLM declarations will be inconsistent with the downlink link quality. Therefore, two aggressor CRS mitigation is beneficial, if not necessary, to avoid such an inconsistency. The previous contribution [9] also shows that the hybrid approach of 1-cell IC and 1-cell puncturing does not work well either.
Proposal 1: FeICIC RLM requirements should be defined based on CRS IC of both aggressors.
2.3.2 Timing and frequency offset

In practical FeICIC networks, timing and frequency offsets will be observed. Thus, it is important to model timing and frequency offsets in the tests to guarantee robust UE operation in practical networks. In fact, RAN4 already agreed in [5] that RAN4 performance requirements are applicable if the timing offset or frequency shift between any aggressor cells and serving cell’s signal at the test equipment transmission port prior to the channel model is no greater than the values specified in the test. Therefore, it is important to model timing and frequency offset in the tests, as otherwise we run the risk of the RAN4 requirements inapplicable unless the test equipment can absolutely guarantee zero timing and frequency offset.

From our simulation results (Figure 1 - Figure 4), it is observed that the timing and frequency offset have minor impact on the RLM, so the timing and frequency offsets can be safely modelled without concern.
Proposal 2: Model timing and frequency offsets in FeICIC RLM requirements and tests. We recommend 3usec (or 2.5usec) and 200Hz.
2.3.3 ABS setup

For the purpose of RLM tests, we propose not to transmit SIB1 in ABS, as transmitting SIB1 will only complicate the tests, raise the questions on what RB allocation to use, and make it harder to differentiate good and bad UEs through the tests. Moreover, given that SIB1 transmission parameters may vary across eNB vendors and operators, transmitting SIB1 does not necessarily make the test more realistic anyway. CRS, PBCH, PSS, and SSS may still be transmitted in ABS, as there is no ambiguity on those channels and transmitting them can make the test more realistic.
Proposal 3: Do not transmit SIB1 on ABS in RLM tests.

3 Conclusions
In this contribution we provided RLM simulation results. 10% BLER for RLM1-1 is achieved at -7.8dB, and 2% BLER for RLM2-1 is achieved at -3.8dB. We recommend taking these values into account in defining SNR values for RLM tests.
Observation 1: 10% BLER for RLM1-1 is achieved at -7.8dB, and 2% BLER for RLM2-1 is achieved at -3.8dB.
We further propose:

Proposal 1: FeICIC RLM requirements should be defined based on CRS IC of both aggressors.
Proposal 2: Model timing and frequency offsets in FeICIC RLM requirements and tests. We recommend 3usec (or 2.5usec) and 200Hz.
Proposal 3: Do not transmit SIB1 on ABS in RLM tests.
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