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Discussion
1
Introduction

In RAN4#66, the discussion continued on Release-11 feICIC demodulation requirements. A way forward document on feICIC-related time and frequency shifts was agreed in [1]. For PBCH requirements, a list of simulation assumptions was agreed already in RAN4#65 [2]. In this contribution, we discuss the open issues of PBCH performance requirements for feICIC and provide simulation results with PBCH interference cancellation receiver.
2
Time offsets with PBCH-IC
In feICIC deployments, the UE will observe timing differences between the serving cell and the aggressor cells. The time difference in the arrival of the signals from multiple points stems from unequal propagation delays and transmitter-side timing errors. It has been agreed in the reference receiver design for feICIC requirements that the UE will track the time offsets between serving cell and the aggressors.
In our other contribution, we have studied typical time offsets in a heterogeneous network deployment taking also into account the transmitter timing errors [3]. According to the analysis, the typical range of aggressor cell time offsets is [‑1.0, +2.5] µs.
In order to see the effect of time offsets on PBCH-IC performance, we conducted a series of link-level simulations. A PBCH-IC capable receiver was tested with positive and negative time offsets, with and without aggressor time/frequency tracking. Two aggressor cells were modelled with power levels Es/Noc = 4 dB for the first aggressor and Es/Noc = 2 dB for the second interferer. In addition to time offsets, a frequency offset of 300Hz was applied between the serving cell and the aggressor cells. The detailed simulation assumptions are presented in Annex A. The PBCH detection BLER results are given in Figure 1 and Figure 2 for colliding and non-colliding first aggressor CRS, respectively.
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Figure 1: Colliding CRS, 2-cell PBCH-IC & CRS-IC
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Figure 2: Non-colliding CRS, 2-cell PBCH-IC & CRS-IC


It is observed that a PBCH-IC receiver, with time/frequency tracking of the aggressor cells, reaches nearly identical demodulation performance with both -1.0µs and +2.5µs offsets. Without time/frequency tracking of the aggressors, the PBCH demodulation performance suffers considerably, especially when the aggressor timing is negative compared to the serving cell timing.
Observation:
-
A PBCH-IC receiver is able to maintain good demodulation performance with the range of aggressor cell time offsets of [-1.0, +2.5] µs.
3
System bandwidth in PBCH performance requirements

As listed in the simulation assumptions for feICIC PBCH requirement, a system bandwidth of 10 MHz has been assumed so far for the PBCH studies [2]. The bandwidth assumption is related to the use cases of PBCH detection, where PBCH-IC is deemed necessary. In principle, if there is a valid use case, where PBCH-IC should be used, but the system bandwidth is not known to the UE before PBCH detection, 1.4 MHz system bandwidth assumption needs to be applied.
For initial access, there is no need to use PBCH-IC, as the UE automatically connects to the strongest cell. In case of CRE, the will be a dominant interferer present and PBCH-IC is beneficial. However, the UE will be set to CRE via a handover command which includes the information about the bandwidth of the new cell. Therefore, the UE does not need to fall back to 1.4 MHz assumption during PBCH detection of the new cell.

One possible use case, where PBCH-IC is beneficial, but system bandwidth is not known to the UE, is pico-pico handover preparation during CRE operation. The network can request the UE to decode global cell-ID of the target cell, as a part of the handover preparation. The global cell-ID acquisition includes PBCH detection, but target cell bandwidth is not known to the UE. Because of the CRE operation, PBCH-IC could be beneficial in this case.
In order to summarize the discussion, the bandwidth assumption for PBCH-IC test cases depends mainly on, whether the pico-pico handover preparation use case is relevant. More specifically, can the global cell-IDs be assumed to be known within the feICIC coordination area, or is it up to the UE to acquire the global cell-ID of the target cell. Apart from this use case, a UE has the necessary information for full-bandwidth, IC-enabled PBCH detection.
For the design of the feICIC PBCH demodulation requirements, the relevance of each use case needs to be determined. The system bandwidth assumption can be matched to a common use case of macro-pico handover that starts the CRE operation, or to the worst-case scenario of pico-pico handover preparation without global cell-ID knowledge at the network side.
Observation:
-
The use cases of PBCH-IC need further discussion, in order to find a suitable system bandwidth assumption for feICIC PBCH demodulation requirements.
4
Conclusion
In this contribution we provided simulation results of PBCH-IC receiver with negative and positive aggressor timing offsets. In addition, the bandwidth assumption for feICIC PBCH demodulation requirements was discussed. We have the following observations:
Observation:
-
A PBCH-IC receiver is able to maintain good demodulation performance with the range of aggressor cell time offsets of [-1.0, +2.5] µs.
Observation:
-
The use cases of PBCH-IC need further discussion, in order to find a suitable system bandwidth assumption for feICIC PBCH demodulation requirements.
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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 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)=(-1.0 s, 300 Hz)

	Time/frequency correction for serving cell / CRS-IC / PBCH-IC
	1. Full tracking: Realistic time/frequency tracking over interferer CRS and post-FFT correction for the serving cell and both aggressors

2. Serving cell only: 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



