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1
Introduction
The baseline receivers for feICIC have been discussed, and the latest agreements are as follows [1]:
· Baselines for CRS handling
· Colliding CRS: CRS canceling receiver
· Non-MBSFN & MBSFN ABS should be studied
· Non-colliding CRS: Requirements are defined receiver agnostic
· No separate tests for CRS puncturing and canceling
· Two set of alignment results
· Puncturing 
· Canceling
· Look at the set with worst performance 
· Each company simulates their choice of receiver
· Max. number of canceled/punctured cells
· To be looked at by means of system level sims
· UE complexity to be considered
· # antenna ports: based on operator input, system sims & complexity
· Demodulation filter
· Company state their simulation assumptions
· Available knowledge about neighbor cell(s)
· Knowledge of number of CRS ports
· Cell ID
· MBSFN configuration
· Other information may be available
· Cell detection with 9 dB CRE is to be studied. This may include
· PSS/SSS IC
· Other types of receivers are not excluded
· PBCH performance with 9 dB CRE is to be studied. This may include
· PBCH IC
· Other types of receivers are not excluded

The discussion during RAN4#63 mainly focused on CRS interference cancellation, but RAN1 has been also recently discussing PBCH cancellation, and has even sent an LS [2] to RAN4 to request information on the following matters:

During RAN1#69, RAN1 discussed detection of system information in presence of dominant interferers with 9 dB handover bias. The following conclusions were made:
· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid detection of PBCH in the presence of dominant interferers with 9dB bias 

· Related MIB information from the victim cell may also be supplied by aggressor cell during handover from aggressor to victim cells
· SFN offset between victim and aggressor cell

· RAN 1 also made an observation that:

· Possible alternative to eNB signalling is the PBCH interference cancelation capable receiver based solution

· RAN 1 would like to ask:

· RAN2/3, whether there are significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed.
· RAN4, whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancelation capability

Although the LS will not be treated in the RAN4#64 AH meeting, we provide preliminary analysis in this paper regarding the feasibility and performance of PBCH interference cancellation (IC). We do this by analyzing the PBCH cancellation performance through link level simulations.
2
PBCH interference cancellation
2.1 
Need for PBCH interference cancellation
A UE is not required to read PBCH during handover, but as per normal system information handling rules, the UE acquires all necessary system information at least after the handover has been completed [3]. Further, even for a pico UE moving from the pico cell center to the pico CRE area, it is required that the UE keeps track of the system information changes.

Hence, in a macro-pico scenario, for a UE in the CRE region, the pico cell PBCH is heavily interfered by the dominant macro cell PBCH assuming network synchronization without subframe shifting. Hence, such a UE may have difficulties in obtaining the system information of the serving cell especially under strong level of dominant interference (e.g. in the case of 9 dB CRE).

2.2 
Simulation assumptions for PBCH interference cancellation
The current requirements for cell detection in Rel-10 eICIC are set at -4 dB SNR for the serving cell and 1 dB SNR for the interfering cell [4]. For Rel-11 eICIC, there is no consensus yet on the number of interfering cell(s) and their respective power level(s). In this contribution, we evaluate different set of possible values (roughly according to proposals in  [1], [7]), including investigating Rel-10 PBCH interference levels as a reference case. The considered options for interference levels are shown in Table 1. 
We investigate PBCH link level performance in terms of block error rate (BLER) vs. serving cell Es/Noc. Simulation parameters follow the ones specified in TS36.101 for PBCH demodulation with 2 Tx antenna ports (i.e. 2x2 low, EPA5 propagation conditions). Non-colliding CRS is assumed between all the considered cells (serving cell and the 1-2 interfering cells).
The following assumptions are made on the receiver:

· The Rel-8/9 baseline receiver is assumed, i.e. MRC for transmit diversity reception;
· We also assume that CRS-IC is applied to CRS ports of the interfering cells (1 or 2) whenever these are present.
For each simulation case, the following curves are plotted:

· The reference PBCH BLER curve is for the single cell case (no interferer);
· PBCH BLER assuming 2 interferers at given levels and ideal PBCH IC from 2 interfering cells, where ideal PBCH IC assumes realistic channel estimation for each of the interfering cells but ideal cancellation of interfering PBCH symbols;

· PBCH BLER assuming 2 interferers at given levels and ideal PBCH IC from 1 (strongest) interfering cell, where ideal PBCH IC assumes realistic channel estimation for the interfering cell but ideal cancellation of interfering PBCH symbols;

· PBCH BLER assuming 2 interferers at given levels and no PBCH IC.
Table 1: Simulation Cases

	Case #
	Serving cell SNR [dB]
	1st interfering cell SNR [dB]
	2nd interfering cell SNR [dB]
	Serving cell PBCH SINR [dB]
	Notes

	Case 1
	-4
	5
	3
	-11.9
	Proposal from [1]

	Case 2
	-4
	3
	1
	-10.3
	Halfway between [1] and [7]

	Case 3
	-4
	3
	N/A (-100 dB)
	-8.8
	Proposal from [7]

	Case 4
	-4
	1
	N/A (-100 dB)
	-7.5
	Rel-10 interference levels


2.3 
Results for Ideal PBCH interference cancellation

The results for the ideal PBCH interference cancellation are shown in Figure 1 - Figure 4, and the PBCH performance at 1% BLER for the above simulation cases is summarized in Table 2.
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Figure 1. PBCH interference cancellation, Case 1: Reference case vs. No PBCH cancellation vs. 1st & 2nd strongest cell PBCH cancellation
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Figure 2. PBCH interference cancellation, Case 2: Reference case vs. No PBCH cancellation vs. 1st & 2nd strongest cell PBCH cancellation
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Figure 3. PBCH interference cancellation, Case 3: Reference case vs. No PBCH cancellation vs. 1st strongest cell PBCH cancellation
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Figure 4. PBCH interference cancellation, Case 4: Reference case vs. No PBCH cancellation vs. 1st strongest cell PBCH cancellation


Note: The Case 3 and Case 4 results only contain cancellation for one cell because there is only one interfering cell present in the simulation cases.
Table 2: Summary of results for PBCH interference cancellation, Case 1 – Case 4. Cases when PBCH BLER<1% @-4 dB Es/Noc highlighted in green.

	Case #
	Required serving cell Es/Noc @1% PBCH BLER

	
	No interferer
	2 interferers, 2-cell ideal PBCH IC
	2 interferers, 1-cell ideal PBCH IC
	2 interferers, no PBCH IC

	Case 1
	-6.3 dB
	-2.5 dB
	-0.7 dB
	+3.0 dB

	Case 2
	-6.3 dB 
	-3.7 dB
	-1.7 dB
	+1.1 dB

	Case 3
	-6.3 dB 
	N/A
	-5.2 dB (see Note 1)
	-0.1 dB

	Case 4
	-6.3 dB 
	N/A
	-5.3 dB (see Note 1)
	-1.4 dB


Note 1: Ideal PBCH IC provides PBCH BLER <1% at serving cell Es/Noc=-4dB, however it may not be the case for practical PBCH IC.
We observe the following from the results in the Table 2:

· The reference case (with no dominant interferer) meets the Rel-8/9 performance performance requirement of <1% BLER defined in Section 8.6.1.2.1 of [5].
· PBCH reception performance without interfering PBCH IC is significantly degraded: depending on interference conditions, the 1% BLER point is within [-1.4 dB, +3.0 dB] for serving cell Es/Noc, which is quite large deviation from the assumed -4 dB serving cell Es/Noc.
· Under the interference conditions in Case 1 and Case 2, neither ideal PBCH IC from the 1st dominant interfering PBCH nor ideal PBCH IC from the 1st and 2nd dominant interfering PBCHs allows meeting serving cell PBCH BLER < 1% at serving cell Es/Noc= -4 dB.
· Under interference conditions in Case 3 and Case 4, the ideal PBCH IC from the 1st and 2nd dominant interfering PBCHs allows meeting serving cell PBCH BLER < 1% at serving cell Es/Noc= -4 dB. However, a practical PBCH interference cancellation is expected to have worse performance than ideal PBCH IC. Hence, a realistic PBCH IC cannot meet the 1% BLER target for Case 3 or Case 4.
Hence, the results can be summarized in the following observations:
Observation 1: 
Ideal PBCH cancellation does not allow meeting 1% BLER target at -4 dB SNR for most of the considered interference conditions.
Observation 2: 
Practical PBCH cancellation will not allow meeting 1% BLER target at -4 dB SNR in all considered interference conditions.
Because even the ideal PBCH cancellation has difficulties in providing good enough performance for most of the cases considered, we think it would be better not to consider PBCH cancellation as the baseline for Rel-11. Instead, it would be better to consider the option of providing the necessary information to the UE via dedicated signalling during the handover. Hence, we make the following proposals:

Proposal 1: 
Rel-11 baseline feICIC receiver is not assumed to be capable of PBCH interference cancellation from dominant interferers.
Proposal 2: 
The system information relevant for UE operation under 9 dB CRE is provided to the UE via higher layer signalling.

3
Conclusion
On the basis of the results and consideration provided in this contribution, we have made the following observations and proposals as way forward for PBCH interference cancellation in Rel-11 feICIC:
Observation 1: 
Ideal PBCH cancellation does not allow meeting 1% BLER target at -4 dB SNR for most of the considered interference conditions.

Observation 2: 
Practical PBCH cancellation will not allow meeting 1% BLER target at -4 dB SNR in all considered interference conditions.

Proposal 1: 
Rel-11 baseline feICIC receiver is not assumed to be capable of PBCH interference cancellation from dominant interferers.

Proposal 2: 
The system information relevant for UE operation under 9 dB CRE is provided to the UE via higher layer signalling.
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