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1 Introduction

RAN4 has discussed PBCH demodulation performance for Release 11 FeICIC considering the incoming RAN1 LS, and concluded that there is a need to align simulation assumptions in order to conclude on a reply to the LS. As a result, in [1] a way forward on simulation assumptions was proposed to align PBCH IC performance.
In this contribution, we provide simulation results according to the proposed simulation assumptions in [1] and discuss the feasibility of PBCH IC.
2 Simulation assumptions
Table 1 is the simulation assumption agreed in [1].
Table 1: PBCH IC 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
	

	Agressor PBCH decoding 
	Baseline: Practical

Optional: Ideal
	


Note that the above simulation assumption corresponds to the worst case traffic scenario where every subframe for PBCH transmission is configured with non-ABS, in which control and data transmission from aggressors may give interference to victim cell’s CRS. We also take a worst case, un-optimized implementation scenario, wherein the UE relies on only one CRS symbol (i.e. symbol 7 in normal CP) for channel estimation for PBCH, regardless of the presence of strong non-colliding CRS aggressor.
In the simulations, we use realistic channel and interference estimation, and use practical PBCH decoding of aggressor cells.
3 Simulation results and discussion
In [1] it was agreed to use the following two criteria for deciding on the feasibility of PBCH IC

· SNR for 1% BLER PBCH decoding with IC falls within a typical operating range
· Gain in dB of PBCH IC compared with no IC at 1% BLER
In Figure 1 we show the PBCH decoding performance under N=2 aggressors, each with 5dB and 1dB SNR, as a function of the serving cell SNR. As specified in Table 1, two different cell ID combinations were shown in the figure:
· (0, 1, 2): The two aggressors have non-colliding CRSs with respect to the serving cell.

· (0, 6, 2): The strongest aggressor has colliding CRS with respect to the serving cell, and the second strongest aggressor has non-colliding CRS with respect to the serving cell.

For each cell ID combination, the figure shows the performance with and without IC.
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Figure 1: PBCH IC performance under N=2 with 5dB and 1dB
In Table 2, we summarize the required SNR for achieving 1% PBCH BLER and the IC gain in dB for the listed scenarios in the simulation assumption of Table 1 including that of Figure 1.
Table 2: Summary of PBCH IC simulation results
	Cell IDs
	Interferer level
	SNR (dB) @ 1% BLER
	

	
	
	With IC
	Without IC
	IC gain in dB

	0
	n/a
	-6.2
	n/a

	0, 1, 2
	6dB, 3dB
	-4.6
	1.6
	6.2

	
	6dB, -∞dB
	-5.3
	-0.2
	5.1

	
	5dB, 3dB
	-4.6
	1.2
	5.8

	
	5dB, 1dB
	-4.6
	0.6
	5.2

	
	3dB, -∞dB
	-5.2
	-2.3
	2.9

	0, 6, 2
	6dB, 3dB
	-4.3
	1.7
	6.0

	
	6dB, -∞dB
	-5.1
	-0.1
	5.0

	
	5dB, 3dB
	-4.3
	1.5
	5.8

	
	5dB, 1dB
	-4.5
	0.6
	5.2

	
	3dB, -∞dB
	-5.2
	-1.9
	3.3


From the above results, we make the following observations:
Observation 1: Without PBCH IC, the PBCH decoding performance is seriously compromised.
Observation 2: With PBCH IC, the required SNR for achieving 1% PBCH BLER ranges -5.2 ~ -4.3 dB.

Observation 3: PBCH IC brings a large gain, ranging 2.9 dB (for a single 3dB interferer) ~ 6.2 dB (for two interferers each with 6dB and 3dB) for the simulated interferer levels.

Observation 4: The performance difference between ‘no interferer’ and PBCH IC is small, ranging 1.0 ~ 1.9 dB, which means that PBCH IC works extremely well for eliminating the impact of dominant aggressors.
Observation 5: The performance under one colliding and on non-colliding CRS aggressors is slightly worse than the performance under two non-colliding CRS aggressors. 

Note that the above PBCH decoding performance was obtained based on the worse case traffic and implementation scenarios. The above results can be improved by one or combinations of the following ways:
· Configuring ABS subframes on subframe 0 of certain radio frames
· Not scheduling PDSCH on the center 6RBs of subframe 0 in case the subframe is non-ABS

· Better UE algorithm for PBCH channel estimation
The Appendix Section 6.1 shows that the PBCH decoding performance is improved by 2.3dB if the UE uses 4 CRS, instead of 1 CRS, channel estimation.
Even assuming the worse case traffic and implementation scenario, based on the large gain observed with PBCH IC, and also based on the observation that PBCH IC is able to nearly eliminate the impact of dominant aggressors, we conclude that PBCH IC is quite feasible, and therefore we recommend that FeICIC UEs have PBCH IC capability.
It is also important to consider the implication of not mandating PBCH IC in RAN4. In particular, TS36.331 [3] clearly states that the UE is required to acquire system information upon handover (even if such information is already provided during handover), and that the UE is required to monitor system information change notification and to acquire the updated system information upon system information change notification. In particular, not being able to decode PBCH of the serving cell after PHICH configuration has changed will result in a radio link failure, as the UE will no longer be able to decode PDCCH due to outdated PHICH configuration.
Observation 5: UE is required to decode PBCH after either handover or upon system information change, and failure to do so may result in a radio link failure.
Therefore, from both the performance and the UE procedure points of view, it is clear that RAN4 should define PBCH IC capability for FeICIC.
Proposal 1: PBCH IC is feasible, and RAN4 defines PBCH demodulation requirement based on PBCH IC receiver to ensure that FeICIC UEs have PBCH IC capability.
4 Additional PBCH IC simulation results 
In this section we provide further simulation results for PBCH decoding for 1x2 channel.

Table 3: Simulation assumptions for PBCH decoding

	Assumption
	Value

	Number of interfering cells (N)
	2

	SNR for aggressor cell 1 (dB)
	5

	SNR for aggressor cell 2 (dB)
	3

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

(113, 111, 115)

	Channel model
	ETU, 30Hz

	Antenna configuration
	1x2

	ABS configuration
	ABS subframe

	Receiver
	PBCH IC, PBCH no IC

	Channel and interference estimation
	Realistic

	Agressor PBCH decoding 
	Baseline: Practical

Optional: Ideal
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Figure 2: PBCH decoding BLER for 1x2

We observe that the PBCH decoding performance with IC under two aggressors each with 5dB and 3dB is only 0.5dB away from the no interferer scenario, and the IC gain is around 4dB. Therefore, PBCH IC is very feasible.
5 Conclusions

Observation 1: Without PBCH IC, the PBCH decoding performance is seriously compromised.

Observation 2: With PBCH IC, the required SNR for achieving 1% PBCH BLER ranges -5.2 ~ -4.3 dB.

Observation 3: PBCH IC brings a large gain, ranging 2.9 dB (for a single 3dB interferer) ~ 6.2 dB (for two interferers each with 6dB and 3dB) for the simulated interferer levels.

Observation 4: The performance difference between ‘no interferer’ and PBCH IC is small, ranging 1.0 ~ 1.9 dB, which means that PBCH IC works extremely well for eliminating the impact of dominant aggressors.

Observation 5: The performance under one colliding and on non-colliding CRS aggressors is slightly worse than the performance under two non-colliding CRS aggressors. 

Proposal 1: PBCH IC is feasible, and RAN4 defines PBCH demodulation requirement based on PBCH IC receiver to ensure that FeICIC UEs have PBCH IC capability.
6 Appendix

6.1 PBCH decoding performance comparison under best and worst case scenario

In Figure 3, we compare the PBCH decoding performance using 4 CRS symbols and 1 CRS symbol. The performance difference is observed to be 2.3dB.
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Figure 3: Comparison of PBCH decoding performance using 4 CRS symbols vs. 1 CRs symbol for channel estimation
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