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1
Introduction

During RAN4#62bis, a discussion took place on whether to consider less than two explicitly modelled interfering cells in advanced receiver test cases. The following way forward was agreed [1]:
· More studies needed for 2 interfering cells versus 1 interfering cell

· Companies invited to submit throughput results for LMMSE-IRC for 1 and 2 interfering cells for agreed DIP profiles

· Decision on the number of interfering cells (1 or 2) to be made next meeting.

· TE vendors to provide input on the test complexity for a given number of interfering cells

In this contribution, we provide above requested throughput results for LMMSE-IRC receiver for 1 and 2 explicitly modelled interfering cells and conclude on this question.
2
Link level throughput evaluation of 1 vs. 2 interferers 
Simulation parameters comply with the agreed assumptions in [2] which are also listed in Annex A for convenience. LMMSE-IRC receiver structure is assumed. The study is conducted for Scenario 1-2 (TM6 in serving cell, TM4 in interfering cells) and MCS8, but observations derived from this subset of results most likely also generalize to other cases. We ran a total of 50000 simulated subframes. Simulation results are shown in Figure 1 where a sweep of LMMSE-IRC throughput was performed over the set of 20 DIP profiles specified in reference [3] for G = -2.5 dB. From the results, it is observed that when more interferers are added, the throughput increases. This is because the white noise component is gradually replaced by modulated interference with given spatial signature and this interference can be mitigated to some extent. Comparable studies were presented in reference [4] and observations therein are similar to the ones made in this contribution.
It has been argued during RAN4#62bis that a single interfering cell would be sufficient to verify the IRC gains and functionality of a given receiver. Such statement holds true in principle, however whenever it comes to test case design, RAN4 typically ensures that there is sufficient performance gap between a given advanced receiver functionality under test versus a baseline implementation. This guarantees that the test fulfils its goal to identify that the advanced receiver functionality is actually implemented in the UE under test. Reducing the performance gap in the first place already compromises this goal. Results in Figure 1 show a remarkable increase in performance from 1 to 2 explicitly modelled interferers, after which the throughput starts to saturate. We also note that a situation with two interferers is more likely to be encountered in practice and from that perspective it would therefore be more realistic to have two interfering cells in the test case.
Another aspect to consider is test implementation and related test equipment complexity. One should bear in mind that a 2x2 test setup with a total of three cells (1 serving + 2 interferers) implies a total of 2x2x3=12 channel faders whereas with a 4x2 antenna configuration the number of faders increases up to 4x2x3=24. In view of the objective in the work item description [5] to ensure that complexity of interference modelling for the performance requirements and conformance testing shall be taken into account, we think it would be useful for TE vendors in RAN4 to give feedback on the practical number of faders which can be accounted in the work. We note however that ongoing Rel-11 feICIC discussion currently considers the eventuality of having a total of three interfering cells (two interferers).
Similar studies were conducted during HSPA work on advanced receivers [6] and it was concluded to retain a total of two interfering cells as a balance between throughput gain and test equipment (TE) complexity. 
Therefore we propose that: 

Proposal: 
Consider a total of 2 explicitly modelled interfering cells in advanced receiver test cases. 
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Figure 1: MMSE-IRC throughput over DIP profiles with {1,2,3,4} explicitly modelled interfering cells.
3
Conclusion
In this contribution we evaluated the performance of MMSE-IRC receiver for a variable number of explicitly modelled interfering cells (1 to 4 cells) over the set of company-wise averaged 20 DIP profiles [3]. Based on the results, analysis and considerations in this contribution, we conclude on the following proposal:
Proposal: 
Consider a total of 2 explicitly interfering cells in advanced receiver test cases. 
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Annex A – Simulation assumptions
Table 7: Agreed simulation assumptions for link-level evaluations [2].
	Parameter
	Scenario 1-1 (TM2)
	Scenario 1-2 (TM6)
	Scenario 2 (TM9)             

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6
	TM9 with 1-layer

	Transmission mode in interfering cells
	TM3
	TM4
	TM9

	MIMO configuration
	2x2, medium correlation
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	1 & 2 to be considered

	Geometry
	G=-2.5dB and G=0dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB
At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follows:

#10, #11 for G=0dB, and #7, #8 for G=-2.5 dB as baseline

	PMI for target signal
	N/A
	Follow wideband PMI
	Follow wideband PMI

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
Randomly changing per sub-band per 10 msec periodicity by interested companies
Frequency granularity is 6 PRBs

	
	[80% rank-1,20% rank-2]
	80% rank-1, 20% rank-2
	70% rank-1, 30% rank-2

	Modulation in interfering cells
	Fixed modulation order: QPSK or 16QAM

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum



