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1 Introduction
In last RAN4#63 UE performance adhoc meeting, some simulation results of PBCH IC[1],[2],[3],[4]  were discussed by interested companies. And response LS on MIB detection which would be sent from RAN1 in RAN4#64 was also discussed aggressively. However, there was not any progress in agreement on  response LS. For aim to send LS to RAN1, simulation assumption with two criterion was proposed[5]. 
This contribution provides simulation results and proposals regarding implementation complexity  in UE. 
2 Discussion

2.1 Simulation assumptions and simulation results 
Table 2.1: 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 explicitely modelled
	

	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
	


We used successive IC type and MRC equalizer in Table 2.1 . 

· Simulation results 

· Cell ID (serving cell, 1st interfering cell, 2nd interfering cell) = (0, 1, 2)
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Figure 2.1. PBCH IC Performance for non-colliding cases : Cell Id (0, 1, 2)
· Cell ID (serving cell, 1st interfering cell, 2nd interfering cell) = (0, 6,2)

[image: image3.emf]-14 -12 -10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

10

0

PBCH Performance at ETU30 2x2 Low - E

i6

/N

oc

=6 dB, E

i2

/N

oc

=3 dB

SNR

BLER

 

 

No Interference

Without IC

IC for 1 cell

IC for 2 cells

[image: image4.emf]-14 -12 -10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

10

0

PBCH Performance at ETU30 2x2 Low - E

i6

/N

oc

=5 dB, E

i2

/N

oc

=1 dB

SNR

BLER

 

 

No Interference

Without IC

IC for 1 cell

IC for 2 cells


Figure 2.2.  PBCH IC Performance for colliding cases with 1st interferer cell : Cell Id (0, 6, 2)
· Cell ID (serving cell, 1st interfering cell) = (0, 1) & (0, 6)
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(a) Cell ID = (0,1)                                                              (b) Cell ID = (0,6)
Figure 2.3.  PBCH IC Performance for single cell with non-colliding(Cell Id = 1) and colliding cases (Cell Id = 6)
Figure 2.1 and 2.2 show the BLER of no PBCH-IC, PBCH-IC with dominant 1st interfering cell cancellation, and  PBCH-IC with 2 interfering cell cancellations under 2 dominant interfering cells with interferer SNR of (6, 3)dB and (5, 1)dB. Figure 2.3 shows the BLER of no PBCH-IC and PBCH-IC with dominant 1st interfering cell cancellation under dominant 1 interfering cell with interferer SNR of 3dB. The SNRs corresponding to 1% BLER of all cases are summarized in following table 2.2.

Table 2.2:  SNR at 1% BLER in all test cases
	
	
	SNR at 1% BLER [dB]

	# of dominant interferers (Cell IDs)
	Interferer SNR[dB]
	Single Cell
	No-PBCH-IC
	PBCH-IC (1 IC)
	PBCH-IC (2 IC)

	2 (1, 2)
	(6, 3)
	-9.5
	-0.5
	-2.4
	-4.6

	
	(5,1)
	-9.5
	-1.4
	-3.9
	-5.1

	2(6, 2)
	(6, 3)
	-9.5
	-0.3
	-3.0
	-5.3

	
	(5,1)
	-9.5
	-1.0
	-5.0
	-6.3

	1(1)
	3
	-9.5
	-4.0
	-7.0
	na

	1(6)
	3
	-9.5
	-3.7
	-8.4
	na


In case of 2 dominant interfering cells, PBCH-IC with 2 interferer cancellation has gain of 3.7~5.3 dB comparing with no-PBCH IC at SNR corresponding to BLER of 1%.  And PBCH-IC with 1 dominant interferer cancellation has gain of 1.9~4.0dB comparing with no-PBCH IC. Comparing with no interfering cell(single cell), PBCH-IC with 2 interferer cancellation and 1 dominant interferer cancellation is low by 3.2~4.9dB , 4.5~7.1dB, respectively.

In case of 1 dominant interfering cell, PBCH-IC has gain of 3.0~4.7 dB comparing with no-PBCH IC at SNR corresponding to BLER of 1%. Comparing with no interfering cell(single cell), PBCH-IC is low by 1.1~2.5 dB.
· Observation 1 : In case of 2 dominant interfering cells, PBCH-IC with 2 interferer cancellation has higher gain than that with 1 dominant interferer cancellation by 1.3~2.3dB. And it has gain of 3.7~5.3dB comparing with no-PBCH IC.
· Observation 2 : In case of 1 dominant interfering cell, PBCH-IC has gain of 3.0~4.7dB comparing with no-PBCH IC at SNR corresponding to BLER of 1%. 

As seen in observation 1, in order to get high gain in PBCH-IC under 2 dominant interfering cells, two interfering cell cancellations are needed. However it requires high complexity and high power consumption in aspects of UE. Practically, feature requiring high complexity is difficult to be implemented and high power consumption is also critical. In other words, reducing complexity and power consumption in UE is very important. Therefore, both complexity and power consumption should be considered in evaluating feasibility. In system level simulation[7], two dominant interfering cells were observed. It means that it is needed two interfering cancellations. In the case, we can see that implementation complexity of PBCH-IC increases triple times comparing with no-PBCH-IC. For the reason, eNB signalling[6] can be preferable solution  because of  not requiring complex PBCH-IC. It lets UE see information such as MIB, SFN offset in PBCH transmission. 
· Observation 3 : In case of two dominant interfering cells, complexity of PBCH-IC requires at least triple times higher than that of no-PBCH-IC and high power consumption. 

· Observation 4 : eNB signalling solution does not require complex PBCH-IC  to get information such as MIB, SFN offset in PBCH. 

As a result, all Rel-11 UEs are not always assuming   PBCH-IC due to implementation complexity when considering eNB signalling. 
Based on these observations, we have following proposals and also provide the related LS[8].
Proposal 1 : For evaluation of feasibility of PBCH-IC, we should consider implementation complexity of UE in addition to gain of PBCH-IC.

Proposal 2 : We cannot assume that feICIC capable UE should  always have PBCH IC capability.
3 Conclusion
In this contribution, we provided the simulation results and our views on feasibility considering implementation complexity with PBCH-IC. The following observations are as:
· Observation 1 : In case of 2 dominant interfering cells, PBCH-IC with 2 interferer cancellation has higher gain than that with 1 dominant interferer cancellation by 1.3~2.3dB. And it has gain of 3.7~5.3dB comparing with no-PBCH IC.

· Observation 2 : In case of 1 dominant interfering cell, PBCH-IC has gain of 3.0~4.7dB comparing with no-PBCH IC at SNR corresponding to BLER of 1%.
· Observation 3 : In case of two dominant interfering cells, complexity of PBCH-IC requires at least triple times higher than that of no-PBCH-IC and high power consumption. 

· Observation 4 : eNB signalling solution does not require complex PBCH-IC  to get information such as MIB, SFN offset in PBCH. 

Based on these observations , we provide following proposals and related LS[8].
Proposal 1 : For evaluation of feasibility of PBCH-IC, we should consider implementation complexity of UE in addition to gain of PBCH-IC.

Proposal 2 : We cannot assume that feICIC capable UE should  always have PBCH IC capability.
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