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1.  Introduction
During RAN1#69, RAN1 discussed detection of system information in presence of dominant interferers with 9 dB handover bias. In that meeting, RAN1 has been discussing PBCH cancellation for Release 11 FeICIC and has sent an LS[1] to RAN2/RAN3/RAN4 and asking RAN4 whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancelation capability. 
In the RAN4#64 AH meeting, some contributions [2][3][4] provide preliminary analysis/results regarding the feasibility and performance of PBCH demodulation under interference cancellation (IC) but with different simulation assumptions, eg. number of interfering cell(s) and power level(s). No consensuses were reached on how to answer RAN1’s LS that Rel-11 baseline FeICIC receiver is assumed to be capable of PBCH interference cancellation from dominant interferers or not.
To alignment analysis/results, the group draft WF on feasibility criteria and simulation assumptions to align results and performance metric in [5]. In this paper, we run the link level simulation to evaluate PBCH cancellation based on the agreed working assumption in RAN4#64 AH meeting, the observation is that PBCH-IC can significantly improve the PBCH demodulation performance under FeICIC scenario or cannot meeting the requirement under 9dB CRE bias in Rel-11 FeICIC.(based on simulation results)

2. Discussion
PBCH link level performance in terms of block error rate (BLER) vs. serving cell Es/Noc is investigated. The cases in table 1 are simulated to investigate performance of PBCH IC.

Table 1: Simulation Cases
	Case #
	SNR for aggressor cell 1 (dB)
	SNR for aggressor cell 2 (dB)
	Cell ID
(Serving cell, 1st aggressor cell, 2nd aggressor cell)

	Case 1-1
	5
	-∞ 
	(0,6) 

	Case 1-2
	5
	-∞ 
	(0,1)

	Case 2-1
	5
	1
	(0,6,2)

	Case 2-2
	5
	1
	(0,1,2)

	Case 3-1
	6
	3
	(0,6,2)

	Case 3-2
	6
	3
	(0,1,2)


 
The results for the PBCH interference cancellation are shown in Figure 1 to Figure 6, and the PBCH performance at 1% BLER for the above simulation cases is summarized in Table 2.

Figure 1: PBCH IC performance of Case 1-1: 1 interferer, 5dB, colliding CRS


Figure 2: PBCH IC performance of Case 1-2: 1 interferer, 5dB, non-colliding CRS



Figure 3: PBCH IC performance of Case 2-1: 2 interferers, (5, 1) dB, colliding CRS


Figure 4: PBCH IC performance of Case 2-2: 2 interferers, (5, 1) dB, non-colliding CRS



Figure 5: PBCH IC performance of Case 3-1: 2 interferers, (6, 3) dB, colliding CRS


Figure 6: PBCH IC performance of Case 3-2: 2 interferers, (6, 3) dB, non-colliding CRS


Table 2: Serving cell Es/Noc (dB) at 1% PBCH BLER and gain of PBCH IC
	Case #
	Single cell
	Without IC
	With 1 cell IC
	With 2 cells IC
	gain

	Case 1-1
	-5.8
	+1.45
	-1.6
	-
	3.05

	Case 1-2
	-5.8
	+2
	+0.3
	-
	1.7

	Case 2-1
	-5.8
	+2
	+0.2
	0.4
	1.8

	Case 2-2
	-5.8
	+2
	+2
	1.9
	0.1

	Case 3-1
	-5.8
	+3.1
	+1.7
	1.4
	1.7

	Case 3-2
	-5.8
	+3
	+3
	+3
	0



It is observed from Figures 1-6 and Table 2 that PBCH performance with interference cancellation could not meet the Rel-8/9 requirement. The gain of PBCH IC is not obvious for all cases.

Proposals 1: PBCH IC capability should not be mandated and eNB signalling is needed to help the detection of PBCH for Rel-11 FeICIC.

3. Conclusions
In this contribution, we provided link level simulation results for PBCH performance with/without IC. Observations have also been made.
Proposals 1: PBCH IC capability should not be mandated and eNB signalling is needed to help the detection of PBCH for Rel-11 FeICIC.
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5. Appendix
5.1 Simulation assumptions

	Assumption
	Value
	Comment

	Number of interfering cells (N)
	0, 1, 2

	The final N for requirements, if the requirements are to be defined, is to be studied separately.

	SNR for aggressor cell 1 (dB)
	6, 5, 3
	

	SNR for aggressor cell 2 (dB)
	[3, 1, -∞]
	

	Cell ID
	(serving cell, 1st dominant interferer, 2nd dominant interferer)
(0)
(0, 1 , 2)
(0, 6, 2)
(0, 1)
(0, 6)
	

	Channel model
	ETU, 30Hz
	

	Carrier frequency
	2GHz
	

	Antenna configuration
	2x2, low correlation
	

	Subframe shifting
	None
	

	ABS configuration
	Non ABS subframe
	

	System bandwidth
	10MHz
	

	Cyclic prefix
	Normal
	

	Power allocation (rhoA, rhoB)
	-3dB
	

	Serving cell SNR measured at CRS
	-14 to 4dB, step size 1dB
	

	Interference
	Aggressor cell interference explicitly modeled
	

	Tx EVM
	6%
	

	Receiver
	PBCH IC, PBCH no IC
	CRS-IC should be performed at the same time.
Companies encouraged to provide information on the cancellation principles (e.g. successive etc.) and equalizer used (e.g, MRC or IRC).

	Simulation length
	40000 subframes minimum
	

	Channel and interference estimation
	Realistic
	

	Aggressor PBCH decoding 
	Baseline: Practical
Optional: Ideal
	



The simulation outputs should be curves of BLER after 40msec PBCH decoding vs serving cell SNR for single cell, all single aggressor SNR values and all combinations of dual aggressor SNRs. The 1% BLER points should be noted.
5.2 Criterion for feasibility of PBCH-IC
Two criteria should be used for deciding on the feasibility of PBCH IC
· SNR for 1% BLER PBCH decoding with IC falls within a typical operating range (to be defined)
· Gain in dB of PBCH IC compared with no IC at 1% BLER
1

1

image4.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: (5,1) dB interferers, non-colliding CRS

 

 

single cell

non-colliding CRS, with IC_2

non-colliding CRS, with IC_1

non-colliding CRS, without IC


image5.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: (6,3) dB interferers, colliding CRS

 

 

single cell

colliding CRS, with IC_2

colliding CRS, with IC_1

colliding CRS, without IC


image6.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: (6,3) dB interferers, non-colliding CRS

 

 

single cell

non-colliding CRS, with IC_2

non-colliding CRS, with IC_1

non-colliding CRS, without IC


image1.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: 5 dB interferer, colliding CRS

 

 

single cell

colliding CRS, with IC

colliding CRS, without IC


image2.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: 5 dB interferer, non-colliding CRS

 

 

single cell

non-colliding CRS, with IC

non-colliding CRS, without IC


image3.emf
-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

serving cell Es/Noc: (dB)

BLER

PBCH performance: (5,1) dB interferers, colliding CRS

 

 

single cell

colliding CRS, with IC_2

colliding CRS, with IC_1

colliding CRS, without IC


