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1
Introduction

During RAN#59 plenary it has been agreed to start a RAN4 Rel-12 study item on CRS interference mitigation (IM) in homogeneous network deployments [1]. In this contribution we present preliminary performance results. 
2
Performance of CRS-IC in homogeneous deployments
2.1
Simulation methodology

The approach followed in this contribution is similar to the one considered in reference [2]. It consists of a combination of link and system level results where: 

· Signal and interference conditions for individual UE drops are derived from system level simulations assuming 3GPP Case 1 network deployment;

· Performance of CRS-IC is evaluated at link level with inner and outer-loop link adaptation enabled for each individual UE drop and associated signal and interference conditions.
Throughput distributions are then collected over all UE drops simulated at link level. Such methodology is known to approximate system level results assuming round-Robin scheduling strategy, and under low network load the results are not expected to differ significantly compared to FDPS scheduling. The main benefit of this approach is that CRS-IC and demodulation are explicitly simulated at link level and do not require any modelling (and potentially associated errors) as opposed to system level simulations.
2.2
Simulation assumptions
We estimate the overall link/system level gain of 1-cell and 2-cell CRS interference cancellation versus no CRS-IC for UEs dropped in 3GPP Case 1 (500m ISD) assuming 3 dB handover (HO) bias. The overall system level setup is identical to the one considered for Enhanced Performance Requirements Type A [3]. The pool of UEs comprises 1000 UEs and statistics are logged for a total of 11 cells (serving + 10 interferers). As described above, we start by logging the following quantities from system level simulations for each UE:
· Signal and interference levels wrt. Noc {Es/Noc, D1/Noc, D2/Noc, …, D10/Noc};
· CRS shift for the serving cell and each interfering cell, assuming planned PCIs.
A total of 10 interfering cells are explicitly modeled at link level: they represent altogether 99.4% of the total average interference power in the considered scenario. For each individual UE and associated signal and interference conditions, as well as CRS shift allocation for each the 11 modelled cells, we run a link level simulation assuming 2x2 antenna configuration and transmission mode 2 (TM2) with MCS adaptation (inner and outer-loop link adaptation enabled). The following receiver options are considered:
-
{MRC, IRC} detectors with no CRS-IC;

-
{MRC, IRC} detectors with 1-cell CRS-IC for the 1st strongest macro cell interferer;
-
{MRC, IRC} detectors with 2-cell CRS-IC for the 1st and 2nd strongest macro cell interferers.

IRC detector is as defined for Enhanced Performance Requirements Type A [3].
Non-full buffer interference at a given average resource utilization (RU) is modelled at link level as follows:

· 0% average interference RU: consists of only CRS transmission in each explicitly modelled interfering cell (equivalent to ABS subframe in feICIC, although no cell range expansion is considered here);

· 10-50% average interference RU: consists of TM2 interference on a per-subframe and per-subband (6 PRB) basis at given average RU in each explicitly modelled interfering cell.
The above interference modelling, despite its simplicity, is seen as sufficient at this stage for a preliminary assessment of the gains of CRS-IC at link level. This confirmed by the results provided in the next section.
Table 1 in Annex provides the full parameterization of the simulations.

2.3
Simulation results

The following performance results are provided:

· Figure 1 is for calibration purpose and provides the geometry distribution (assuming full buffer interference) in the considered deployment scenario;
· In Figure 2, the throughput performance is collected over all simulated UEs and its cumulative density function (cdf) is derived over the considered pool of UEs for each receiver option, in the case of 20% average interference RU and IRC detector;
· Figure 3, 5, 7 (on the left): assuming MRC detector, the relative throughput gain of 1-cell and 2-cell CRS-IC over no CRS-IC is shown as a function of the interference RU (load) at {5, 15, 50}-th percentile of the corresponding throughput cdfs.
· Figure 4, 6, 8 (on the right): these results are comparable to the above except that IRC detector is assumed instead.
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Figure 1: Geometry distribution in 3GPP Case 1 with 3dB HO bias.
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Figure 2: Throughput distributions in 3GPP Case 1 with 20% interference RU, assuming IRC detector.
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Figure 3: Throughput gain at 5-th percentile vs. interference RU (load), assuming MRC detector.
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Figure 4: Throughput gain at 5-th percentile vs. interference RU (load), assuming IRC detector.
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Figure 5: Throughput gain at 15-th percentile vs. interference RU (load), assuming MRC detector.
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Figure 6: Throughput gain at 15-th percentile vs. interference RU (load), assuming IRC detector.
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Figure 7: Throughput gain at 50-th percentile vs. interference RU (load), assuming MRC detector.
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Figure 8: Throughput gain at 50-th percentile vs. interference RU (load), assuming IRC detector.


2.4
Observations

The following observations can be made based on the results presented in Section 2.3:
Observation 1: 
As expected, throughput gains of CRS-IC in homogeneous deployments are significant at cell edge (below 15-th percentile of throughput cdf) and under low traffic load in interfering cells (≤ 30%).
We further note that RAN4 needs to discuss and identify the typical/relevant system load(s) for upcoming link level simulations.

Observation 2:
Gains of CRS-IC in homogeneous deployments are from low-to-none in terms of median throughput as interference load grows.
Observation 3: 
A motivation for 2-cell vs. 1-cell CRS-IC exists, but only for very low system loads (≤ 20%).
Observation 4: 
Additional gain of 3-cell ICs vs. 2-cell IC is expected to be marginal, if any.

Observation 5: 
CRS-IC with IRC detector provides overall significantly more gains than with MRC under fractional interference load.
The reason behind Observation 5 is as follows. For non-zero interference load, the MRC detector does not suppress spatial interference over REs not affected by CRS interference. The latter spatial interference dominates over CRS interference since it affects a large portion of PDSCH resources (~90%) in impacted PRBs. Therefore the additional throughput gain provided by CRS-IC remains low. The IRC detector in turns has the ability to suppress spatial interference and CRS interference remains as the performance limiting factor, hence the larger relative gains provided by CRS-IC. Based on these observations, we propose:
Proposal: 
UE reference receiver assumes the same LMMSE-IRC detector as defined for Enhanced Performance Requirements Type A.
Finally, it is expected that system level results to be submitted by companies and discussed in RAN4 during the course of the study item will show similar trends as the preliminary input presented in this contribution.
3
Conclusions

In this contribution we presented preliminary combined link and system results for CRS interference mitigation in homogeneous network deployments. Based on the provided results, we make the following observations and proposal:
Observation 1: 
As expected, throughput gains of CRS-IC in homogeneous deployments are significant at cell edge (below 15-th percentile of throughput cdf) and under low traffic load in interfering cells (≤ 30%).

Observation 2:
Gains of CRS-IC in homogeneous deployments are from low-to-none in terms of median throughput as interference load grows.

Observation 3: 
A motivation for 2-cell vs. 1-cell CRS-IC exists, but only for very low system loads (≤ 20%).

Observation 4: 
Additional gain of 3-cell ICs vs. 2-cell IC is expected to be marginal, if any.
Observation 5: 
CRS-IC with IRC detector provides overall significantly more gains than with MRC under fractional interference load.

Proposal: 
UE reference receiver assumes the same LMMSE-IRC detector as defined for Enhanced Performance Requirements Type A.
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Link level 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)
	EVA5

	Resource allocation
	50 PRB

	PDCCH region
	CFI=3

	Power allocation
	No PDSCH power boosting applied

	Transmission scheme
	2-Tx SFBC transmit diversity (TM2)

	Receiver capability in terms of CRS-IC
	· No CRS-IC

· 1-cell CRS-IC for the 1st strongest macro cell interferer
· 2-cell CRS-IC for the 1st and 2nd strongest macro cell interferer

	Detector
	· MRC as defined in [3]
· IRC as defined in [3], interference covariance matrix averaged over 2 consecutive PRBs.

	HARQ
	Maximum of 4 re-transmissions

	Modulation and coding
	MCS adaptation with outer-loop link adaptation targeting 10% BLER for the 1st transmission

	CRS configuration
	2 CRS ports per cell

	FFT timing
	Tied to serving cell CRS timing

	Network synchronization
	Time and frequency synchronization among cells

	Channel estimation for demodulation
	Realistic channel estimation over serving cell CRS

	Number of explicitly modelled interferering cells
	10 explicitly modelled interferers transmitting non-full buffer traffic

	Other cells’ interference
	AWGN (1 Noc level)

	Total number of simulated UEs
	1000 UEs, picked from system level simulations assuming 3GPP Case 1 with 500m ISD and 3dB handover margin.

	Signal & interference levels
	Signal &  interference conditions {Es/Noc, D1/Noc, D2/Noc, …, D10/Noc} extracted from system simulations for each UE

	PCI allocation
	Allocated to each explicitly modeled cell, based on data extracted from system level simulations

	Interference traffic
	Model
	TM2 interference on a per-subframe and per-subband (6 PRB) basis at given interference resource utilization (load)

	
	Load
	{0%, 10%, 20%, 30%, 40%, 50%}

	Noc modeling
	1 single Noc level

	Simulation length (per UE)
	1000 subframes in total (10 independent drops of 100 consecutive subframes)

	PCFICH/PDCCH decoding
	Not considered

	Simulation output
	Cumulative density function of throughput over the pool of 1000 UEs


