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Discussion
1
Introduction
During RAN4#65, the methodology for testing the UE demodulation performance in Release-11 FeICIC was discussed. It was agreed that time and frequency shifts between aggressor cells and the serving cell should be considered in the specification of the demodulation test cases [1]. In this contribution, we assess the impacts of time and carrier frequency offsets on PBCH demodulation performance in network deployments, where the aggressor cells are not ideally synchronized with the serving cell. Both PBCH and CRS cancellation are considered in the evaluation. Based on the observations, we address the design of associated requirement scenarios.
2
Interference cancellation in the presence of time and frequency offsets
For inter-cell interference cancellation, the interfering signals are reconstructed in the UE, which requires channel estimation over the interfering cells. Channel estimation is sensitive to time and frequency offsets between the serving cell and the interferers, because offsets introduce artificial frequency and time selectivity to the channel frequency response. If left uncompensated, such additional selectivity typically degrades the channel estimation performance and the amount of post-cancellation residual interference increases, thus reducing the overall effectiveness of interference cancellation.

Time offsets stem from different propagation delays and time synchronisation errors in the network. Similarly, frequency offsets result from independent Doppler shifts and frequency synchronisation errors in the network. In FeICIC, the CRS of dominant interferers can be used for the offset estimation. The compensation and interference reconstruction are done in frequency domain, as a single-FFT reference receiver is assumed for the design of FeICIC RAN4 requirements [1].
Earlier, we have compared the effectiveness of CRS cancellation under time and frequency offsets in [2]. In this contribution we use both CRS-IC and PBCH-IC together with similar offsets. For the evaluation of PBCH-IC, a set of simulation assumptions was discussed in RAN4#65 [3]. We conducted our evaluation, based on those assumptions, and a more detailed listing can be found in Annex A.
3
PBCH-IC performance evaluation
PBCH demodulation performance was studied in non-ABS subframes with two interferers present. Full load in both interfering cells was assumed.  The aggressor cell signal levels of (4 dB, 2 dB) over Noc-level were used. Both colliding and non-colliding CRS cases were considered.
In addition, both 1-cell and 2-cell cancellation was considered. In case of 1-cell cancellation, only the stronger aggressor was subject to CRS and PBCH cancellation. In two cell cancellation, CRS and PBCH from both aggressors were cancelled in a realistic manner.

Regarding the time and frequency tracking, two options were used. First option was to use tracking for all the cells, which includes the serving cell and the aggressors that are considered in the cancellation. The second option was to apply tracking only for the serving cell. As time and frequency offsets are applied between the serving and interfering cells, the performance is expected to be considerably worse, compared to full tracking. The tracking is based on realistic CRS-based estimation of timing and frequency offsets. For the evaluation, a frequency offset of 300 Hz was applied between the serving cell and the aggressors. The time offsets were 2.5 µs and 3.0 µs.
For the colliding CRS case, the PBCH BLER results are given in Figure 1 and Figure 2, for 1-cell and 2-cell cancellation, respectively.
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Figure 1: Colliding CRS, 1-cell PBCH-IC & CRS-IC
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Figure 2: Colliding CRS, 2-cell PBCH-IC & CRS-IC


With colliding CRS and with full time and frequency tracking, 2-cell cancellation gives 1.7 dB gain at 1%-BLER point compared to 1-cell cancellation. However, if the time and frequency offsets to the interferers are not tracked, the BLER performance is considerably worse. In 1-cell cancellation, improper time and frequency tracking causes a loss of 0.7 – 0.9 dB, depending on which time offset is applied for the aggressors (2.5 µs or 3.0 µs). In 2-cell cancellation, the loss from improper aggressor tracking is between 1.8 – 2.2 dB.

For the non-colliding CRS case, the PBCH BLER results are given in Figure 3 and Figure 4.
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Figure 3: Non-colliding CRS, 1-cell PBCH-IC & CRS-IC
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Figure 4: Non-colliding CRS, 2-cell PBCH-IC & CRS-IC


In the non-colliding CRS case, the overall performance is slightly worse than in the colliding case. The main reason is that the PBCH performance is evaluated in non-ABS subframes, in which the aggressor cells have constant PDSCH transmission outside of the PBCH allocation. In the non-colliding CRS case, the serving cell CRS suffer from heavy PDSCH interference that decreases the serving cell tracking accuracy. In the colliding CRS case, the only source of interference on the serving cell CRS is the CRS of the first interferer which is cancellable throughout the whole system bandwidth, thus explaining the better performance in the colliding CRS case.
With non-colliding CRS, cancelling two cells instead of just one gives a gain of 1.3 dB. In 1-cell cancellation, the loss from improper time and frequency tracking is 0.7 – 0.9 dB. In 2-cell cancellation, the loss is 1.4 – 1.7 dB.
In order to summarize the findings, we can state the following:
Observations:
-
A realistically modelled PBCH receiver with interference cancellation suffers up to 2.2 dB loss at 1%-BLER point, if the time and frequency offsets between the aggressor cells and the serving cell are not tracked by the receiver.

-
With the considered interference levels of (4 dB, 2 dB) over Noc-level, the performance difference between 1‑cell and 2-cell cancellation is 1.3 – 1.7 dB.
Based on the observations, we propose the following:

Proposals:

-
A reference receiver for PBCH demodulation requirements cancels PBCH and CRS of 2 aggressor cells.

-
Time and frequency offsets between the aggressor cells and the serving cell are applied in the PBCH demodulation requirements, in order to ensure efficient PBCH performance in a realistic network deployment.
-
2.5µs and 300Hz are large enough offsets for showing the difference between a proper and an improper implementation of aggressor time and frequency tracking.
7
Conclusion

We have studied the performance of PBCH-IC receiver with colliding and non-colliding CRS, with 1-cell and 2-cell cancellation and with two different timing offsets. From our simulation results, we observed the following:
Observations:
-
A realistically modelled PBCH receiver with interference cancellation suffers up to 2.2 dB loss at 1%-BLER point, if the time and frequency offsets between the aggressor cells and the serving cell are not tracked by the receiver.

-
With the considered interference levels of (4 dB, 2 dB) over Noc-level, the performance difference between 1‑cell and 2-cell cancellation is 1.3 – 1.7 dB.
Based on these observations, we proposed the following:

Proposals:

-
A reference receiver for PBCH demodulation requirements cancels PBCH and CRS of 2 aggressor cells.

-
Time and frequency offsets between the aggressor cells and the serving cell are applied in the PBCH demodulation requirements, in order to ensure efficient PBCH performance in a realistic network deployment.
-
2.5µs and 300Hz are large enough offsets for showing the difference between a proper and an improper implementation of aggressor time and frequency tracking.
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Annex A

Simulation assumptions

Table 1: Link level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Duplex mode
	FDD

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler (Hz)
	ETU30

	Resource allocation
	Subframe 0

	Transmission scheme
	2-Tx SFBC transmit diversity

	Receiver
	PBCH receiver with:

· 1-cell CRS-IC and PBCH-IC
· 2-cell CRS-IC and PBCH-IC

	Detector
	MRC

	PBCH detection for serving cell
	Combine 4 transmissions (over 40 ms)

	PBCH detection for interferers
	Realistic detection, single-shot (no combining)

	CRS configuration
	2 CRS ports

	CRS cell IDs (serving, 1st interferer, 2nd interferer)
	· Colliding CRS (0, 6, 2)

· Non-colliding CRS (0, 1, 2)

	Channel estimation for demodulation
	Realistic channel estimation over serving cell CRS

	Considered time delays (t) and frequency offsets (f) between the serving cell and each of the interfering cells
	1. (t,f)=(2.5 s, 300 Hz)

2. (t,f)=(3.0 s, 300 Hz)

	Time/frequency correction for serving cell / CRS-IC / PBCH-IC
	1. Realistic time/frequency tracking over interferer CRS and post-FFT correction for all the cells

2. Realistic time/frequency tracking over interferer CRS and post-FFT correction for the serving cell only

	Number of explicitly modelled interferers / interference levels
	Two explicitly modelled interferers:

· 1st interferer Es/Noc = 4 dB

· 2nd interferer Es/Noc = 2 dB

	Noc modelling
	1 single Noc level

	ABS pattern in interfering cells
	[00000000 00000000 00000000 00000000 00000000]

	Simulation length
	400000 subframes

	Simulation output
	PBCH BLER vs. serving cell Es/Noc



