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1 Introduction

In RAN4#62bis meeting the simulation assumption for link level evaluation was agreed in [1] as listed below.
RS-based LMMSE-IRC is assumed as reference receiver structure. Simulation assumptions are provided in Table 1.

Table 1: Simulation assumptions for link-level evaluations
	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


However, the study of the interference setup for the interfering cells such as PMI changing granularity in time and frequency domains, probability of the rank-1 and rank-2 and modulation mode for the interfering cells was very limited [2][3].  In this contribution we provide system level simulation results with proposals on how to model the interference for the interfering cells.  
2 Interference model for interfering cells
The interference model for the interfering cells is based on the outcome from the system level simulation in order to match a realistic deployment. The simulation assumptions are listed in Table A1 and Table A2 in Annex.
2.1 PMI granularity for interfering cells
To study the PMI granularity setup for the interfering cells, the same approach from [2] is used in the following results which is to evaluate the number of consecutive TTIs allocated with a given PMI index to be scheduled and the number of consecutive subbands with a given precoder happens be scheduled.

2.1.1 Frequency domain

For frequency domain to setup the frequency granularity for the PMI changing duration, the statistic of the number of the consecutive subbands where a given precoder is scheduled is evaluated. The mean and median values of the number of the consecutive subband in frequency domain are listed in Table 2. The histogram and the CDF are shown in Figure 1 and Figure 2 separately.
Table 2 Mean and median of the number of consecutive subband in frequency domain 

	
	Mean value
	Median value

	Number of consecutive subbands where a given precoder is scheduled
	1.3763 subbands
	1 subband
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Figure 1 Histogram of the number of consecutive subbands where a given precoder is scheduled
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Figure 2 CDF of the number of consecutive subbands where a given precoder is scheduled

From the results we can observe 75% of the number of the consecutive subbands is 1 which is defined as 6PRBs. So we believe the setup for the PMI granularity in frequency domain should keep using 6PRB as one subband.
2.1.2 Time domain
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Figure 3 Histogram of the number of consecutive subframes where a given PMI index is scheduled
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Figure 4 CDF of the number of consecutive subframes where a given PMI index is scheduled
Table 3 Mean and median of the observed duration of a scheduled PMI index
	
	Mean value
	Median value

	Number of consecutive subframes where a given PMI index is scheduled
	2.3898 ms
	1.0 ms


As similar to the frequency domain study, for the time domain to setup the PMI changing granularity, the statistic of the number of the consecutive subframes where a given precoder is scheduled is evaluated. The mean and median values of the number of the consecutive subframes in time domain are listed in Table 3. The histogram and the CDF are shown in Figure 3 and Figure 4 separately.
From the results we can observe more than 60% of the number of the consecutive subframe is 1 which means the PMI index is changing from subframe to subframe. So we confirm the setup in the simulation assumption in Table 1 which is to use the PMI granularity randomly changing per sub-band from subframe to subframe in time domain.

Proposal 1: PMI granularity for interfering cells should randomly change per sub-band from subframe to subframe.

2.2 Rank1/Rank2 percentage for interfering cells
Another important parameter for the interfering cell setup is the distribution of the rank-1 and rank-2 in terms of percentage. In this section we also provide the statistic from the system level simulation. 
In Table 4 the percentages of rank-1 and rank-2 are listed.
Table 4 Percentages of rank-1 and rank-2 with 2x2 Xpol
	
	Rank-1
	Rank-2

	Percentage
	58.87%
	41.13%


From the system level simulation we think to have Rank-1 60% and Rank-2 40% would be good to use for further link level simulation setup.
Proposal 2: Rank distribution for interfering cells could use 60% Rank-1 and 40% Rank-2 for link level simulation setup.

2.3 Modulation mode for interfering cells
The modeulation scheme for the interferingcells was agreed to be used as a fixed scheme on either 16QAM or QPSK. In Figure 5 we provide the throughput results applying different MCS as QPSK and 16QAM from interfering cells with comparison on.
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Figure 5 CDF of the number of consecutive subframes where a given PMI index is scheduled

From the results no obvious difference either on the throughput or the IRC/MMSE gain can be seen so in general either one could be used for further link level simulation. As 16QAM has more constellation points we think it could make a more random interference so we propose to use 16QAM as the fixed MCS for the interfering cells. 
Proposal 3: Fixed modulation mode for the interfering cells could use 16QAM.
3 Conclusions

In this paper we have provided simulation results to set up the interfering model for the interfering cells with the following proposals.
Proposal 1: PMI granularity for interfering cells should randomly change per sub-band from subframe to subframe.

Proposal 2: Rank distribution for interfering cells could use 60% Rank-1 and 40% Rank-2 for link level simulation setup.
Proposal 3: Fixed modulation mode for the interfering cells could use 16QAM.
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5 Annex – Simulation Assumptions

Table A1: Simulation assumptions for interference modelling.
	Parameter
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic
and non-full buffer/ non-full traffic model (optional)


Table A2: System simulation assumptions used to determine PMI traces.

	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP case 1 SCM NLos UMa 3D
Azimuth spread: 15˚, UE speed: 3 km/h
Other assumptions as in Table A1.

	Antenna configuration
	2x2 XPol

	MIMO scheme
	SU-MIMO with dynamic rank adaptation (maximum rank=2)

	Number of UEs / sector
	10

	Codebook
	LTE Rel-8 codebook for 2-Tx

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	Channel estimation for CSI
	CRS Based for 2x2 antenna set-up 

	UE feedback mode
	PUSCH 3-1

	PMI
	Wideband (50 PRB)
5 ms reporting interval
6 ms delay

	CQI
	Subband 6 PRB
5 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	PDCCH
	Modelled as overhead

	UE noise figure
	9 dB

	Hard handover hysteresis
	1 dB

	UE distribution within cell
	Uniformly dropped to entire cell

	Number of subframes
	400
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