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1
Introduction
This contribution presents the Es/NoC, D1/NoC, D2/NoC, and geometry factor statistics of NAICS scenarios 1 and 2a/2b based on the agreed simulation assumptions until RAN4#67. The scenarios are as described in the TR 36.863, v0.3.0 [1]. In email discussion after RAN4#67, a conclusion on assumptions is proposed for calibrate geometries and generate the interference profiles, and details in [2].
2
View on phase 2 evaluation

For the On/OFF modelling, in email discussion, most companies are in favour of interference of constant MCS/RI across the time and frequency domain for the duration of each packet. However, there are also several companies would like to use Random MCS/RI.  

In email discussion, it was agreed that the link level simulation studies in RAN4 could be conducted in 2 phases, in which phase 1 focuses fixed ON/OFF pattern, and phase 2 focuses on dynamic ON/OFF pattern. The phase 1 assumptions are converged that consider fixed MCS/RI across subframes and subbands for both serving and interference cell. However there are still open discussions for phase 2 assumptions to be decided in RAN4#58 and a proposed conclusion from email discussion is as below. 

6) For phase-2 evaluation, use dynamic ON/OFF model, adaptive MCS/RI for serving call, and OLLA
· FFS on details of a reference OLLA algorithm based on UE CQI/RI feedback
· Example of a reference OLLA algorithm

· Target 10% first transmission BLER

· Step size on CQI (for MCS mapping): 

a. Down 0.25 dB in effective C/I for each NAK

b. Up 0.025 dB in effective C/I for each ACK
· FFS: serving and interferencecell TM
Regarding the MCS/RI for the interferer, variable MCS/RI gives more insightful information on the expected behaviour or NAICS in a cellular environment, and hence it should be favoured by RAN4 in phase 2 evaluations. In order to keep simulation complexity reasonable, the MCS/RI should be assumed to be constant over at least one subframe. 
Modelling of HARQ process for the interferer is not required given that it is unreasonable to assume that coordination among neighbouring cells is such that transmissions and eventual re-transmissions in different cells are synchronized in time and frequency resources. Such assumption would imply significant limitations to eNB scheduler as well as imply that the UE needs to handle HARQ processes for interfering cell on top of its own HARQ processes. It should be noted as well that RAN1 is supposed to evaluate performance of the receivers recommended by RAN4 in the agreed scenarios, where the effect of re-transmissions in different cells on system performance can be taken into account. Hence, we propose that no HARQ is assumed for interferers in phase 2 (and phase1) link-level simulations in RAN4. 

Proposal 1: No HARQ modelling for interferers in RAN4 link-level simulations.

Given that HARQ process is not modelled for interferers, it is in principle possible to allow MCS/RI to vary in every subframe. However, given that CSI information is not available in a subframe-by-subframe basis, this could lead to unrealistic variation of MCS/RI during the transmission of the FTP packet. Hence, allowing for random MCS/RI for every new FTP packet, but keeping it constant for the duration of the FTP packet itself is a reasonable compromise solution that allows for realistic evaluation of NAICS benefits, provided that enough FTP packets are simulated so that the variability in the interferer’s MCS/RI within the simulation run is statistically meaningful.

Proposal 2: Random selection of MCS/RI of interferers for every new FTP packet, which is then fixed for the duration of the FTP packet itself. Simulations should include several FTP packets in order to ensure statistics include the effect of random MCS/RI selection for the interferers. 
Transmission modes for phase 2 evaluations should follow the agreements for phase 1 evaluations whenever possible. However, given that phase 1 evaluations will allow companies to identify the most relevant combinations for different receiver structures, it should be possible to limit the number of cases for phase 2 evaluations based on the outcome of phase 1 evaluations. 

Proposal 3: Interfering cell transmission modes to be defined as a subset of those agreed for phase 1 evaluations, with highest priority cases depending on the outcome of phase 1 evaluations. 

While we appreciate that a reference OLLA algorithm helps in aligning results between companies, it should be observed as well that different receiver structures may require fine tuning of link adaptation algorithms, and companies should be allowed to optimize their algorithms based on the evaluated receivers and interference conditions. This issue is particularly relevant if RAN4 would choose to adopt random MCS/RI in interfering cells, since fluctuation of CSI information in serving cell would have to be handled properly at the eNB. With fixed MCS/RI (i.e. assuming some coordination between cells is possible) this problem is less evident, but the fluctuations due to ON/OFF behaviour of interferer would be present also in this case. 

3
Di/Noc values from system-level simulations for NAICS scenarios

The interference profiles following the methodology agreed on RAN4 email discussion is seen in Table 1 in the Appendix, and captured in [3]. Here we include also results from full ITU UMa/UMi channel models, as indicated by RAN1. The difference is mainly due to the fact that the fast fading calculation in ITU channel models depend on the antenna patterns, and hence cannot be fully separated from other characteristics of the channel.
From the Table 1, we observed that there is significant difference between the full ITU channel model and the calibration model used for phase 1. While in most cases the variation is within the standard deviation around the mean results for phase 1 calibration in [3], this is not always guaranteed to be the case.
In order to further illustrate the statistics collection for the interference profiles shown in Table 1, we follow the methodology for collecting the statistics following the methodology applied in the CRS-IM work, described in the WF document R4-133055 [4] (option 2). The methodology was modified to take into account the agreements made for the NAICS SI. Specifically, the following steps were conducted to collect the statistics:
· Step 1:  Decide Es/Iot (geometry factor) to be one of [-2.5, 0, 10, 15] dB
· Step 2: Select UEs: From a sample of randomly dropped UEs, select those with Es/Iot close to the specified condition with a tolerance of ±0.2 dB. The Es/Noc, D1/Noc, and D2/Noc values are logged for those UEs. 

· Step 3: Decide D1/Noc, and accordingly further down-select UEs: the D1/Noc values are sorted in ascending order, and the data set is binned in 5-percentile bands. The median of Es/Noc, D1/Noc, and D2/Noc values of the UEs corresponding to each 5-percentile of D1/Noc are logged. To be specific, the following quantities are extracted from the data

· Median { Es/Noc | “Geometry within specified range” and “D1/Noc within specified 5-percentile” } 
· Median { D1/Noc | “Geometry within specified range” and “D1/Noc within specified 5-percentile” } 
· Median { D2/Noc | “Geometry within specified range” and “D1/Noc within specified 5-percentile” } 

· The Noc value is not scaled in the presented results by the loading factor. However, in general the scaling of Noc results in roughly shifting the Es/Noc, D1/Noc, and D2/Noc curves up by 4 dB (RU=40%) or 1.55 dB (RU=70%). (disregarding that the thermal noise should not be scaled, which is anyhow low compared to intercell interference in the 500m ISD scenarios).
The simulation assumptions are listed in the Appendix. Different from our previous contribution [5], here we show the powers relative to Noc (as opposed to DIP values), and the methodology for statistics collection is different. Furthermore, in these results, the agreed handover margin of 3 dB was applied instead of 1 dB as in [5].
The results are displayed in Figures 1 and 2 for the scenario 1 and 2a/2b, respectively. The geometry factor distributions for the two scenarios are further shown in Figure 3. Please note that in Figures 1—3 we also include results for the full ITU channel model for comparison. 
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Figure 1 Simulation results on Es/NoC, D1/NoC, D2/NoC in NAICS scenario 1. The curves display the median of the measured value conditioned on the G factor and D1/NoC 5-percentile. In the figures, full denotes the full ITU channel model while phase1 denotes phase 1 calibration results, i.e. without including fast fading.
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Figure 2 Simulation results on Es/NoC, D1/NoC, D2/NoC in NAICS scenario 2a/2b. The curves display the median of the measured value conditioned on the G factor and D1/NoC 5-percentile. In the figures, full denotes the full ITU channel model while phase1 denotes phase 1 calibration results, i.e. without including fast fading.
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Figure 3 Geometry factor distributions for NAICS scenario 1 (left) and scenario 2a/2b (right). In the figures, full denotes the full ITU channel model while phase1 denotes phase 1 calibration results, i.e. without including fast fading.
From Figure 1- Figure 3, it is evident the differences between phase 1 calibration results and full ITU channel model. Such difference should be taken into account by RAN4 when making final conclusions based on the agreed simulations. We can also observe that: 

a. in scenario 1(Macro case), the D1/Noc is almost as strong as Es/Noc in low geometry (up to SINR=0dB). However in large geometry (SINR=15 or 20dB), the D1/Noc is much less than Es/Noc, and almost in the same level of D2/Noc. 

b. differently in scenario 2(Macro+small cell case), the D2/Noc is always much smaller than the D1/Noc.   

These observations suggests that for high geometry (>=10dB), there is limited gain to be observed by doing the cancellation, and most of the NAICS gain is likely to be harvested in medium or low geometries. 

We can also observe that for low geometry, in scenario 2, maybe only one aggressor could be counted into for interference cancellation. However for Macro case, sometimes the second interferer is as strong as the first one and the Es/Iot, and hence it is important that it is modelled. 
4
Conclusion
This paper presented our views on pending phase 2 evaluation assumptions, as well as the Es/Noc, D1/Noc, and D2/Noc simulation results from fullbuffer system simulations in NAICS scenarios 1 and 2a/2b. The results are presented with the agreed phase 1 calibration assumptions as well as using the full ITU channel models.
The following proposals have been made:
Proposal 1: No HARQ modelling for interferers in RAN4 simulations.

Proposal 2: Random selection of MCS/RI of interferers for every new FTP packet, which is then fixed for the duration of the FTP packet itself. Simulations should include several FTP packets in order to ensure statistics include the effect of random MCS/RI selection for the interferers.
Proposal 3: Interfering cell transmission modes to be defined as a subset of those agreed for phase 1 evaluations, with highest priority cases depending on the outcome of phase 1 evaluations. 
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Appendix

Table 1: Interference profiles for phase 1 calibration and full ITU channel model. 

	Scenario #1, 5-25% geometries
	 
	NNSN (full ITU channel model)
	NNSN (phase 1, with EPA channel)

	
	
	(dB)
	(dB)

	SINR_min
	SINR_max
	 
	-5.00
	-1.17
	-3.34
	1.65

	I1/Noc(40%)@20%-tile
	 
	2.30
	3.63

	 
	I2/Noc(40%) (“mean”)
	-0.37
	0.15

	 
	I2/Noc(40%) (“medium”)
	0.07
	0.63

	I1/Noc(40%)@50%-tile
	 
	7.30
	8.51

	 
	I2/Noc(40%) (“mean”)
	2.17
	3.06

	 
	I2/Noc(40%) (“medium”)
	2.44
	3.33

	I1/Noc(40%)@80%-tile
	 
	15.55
	14.51

	 
	I2/Noc(40%) (“mean”)
	5.28
	4.76

	 
	I2/Noc(40%) (“medium”)
	4.70
	3.62

	I1/Noc(60%)@20%-tile
	 
	1.09
	2.60

	 
	I2/Noc(60%) (“mean”)
	-1.57
	-0.93

	 
	I2/Noc(60%) (“medium”)
	-1.14
	-0.43

	I1/Noc(60%)@50%-tile
	 
	5.96
	7.16

	 
	I2/Noc(60%) (“mean”)
	0.87
	1.63

	 
	I2/Noc(60%) (“medium”)
	1.06
	1.66

	I1/Noc(60%)@80%-tile
	 
	14.18
	12.97

	 
	I2/Noc(60%) (“mean”)
	3.85
	3.05

	 
	I2/Noc(60%) (“medium”)
	3.17
	1.95

	
	
	
	

	Scenario #1, 40-60% geometries
	 
	NNSN (full ITU channel model)
	NNSN (phase 1, with EPA channel)

	
	
	(dB)
	(dB)

	SINR_min
	SINR_max
	 
	1.13
	4.14
	4.38
	8.56

	I1/Noc(40%)@20%-tile
	 
	3.44
	2.14

	 
	I2/Noc(40%) (“mean”)
	0.51
	-0.49

	 
	I2/Noc(40%) (“medium”)
	1.00
	0.04

	I1/Noc(40%) @50%-tile
	 
	8.78
	6.14

	 
	I2/Noc(40%) (“mean”)
	2.75
	1.71

	 
	I2/Noc(40%) (“medium”)
	2.92
	2.02

	I1/Noc(40%) @80%-tile
	 
	20.23
	13.00

	 
	I2/Noc(40%) (“mean”)
	8.76
	4.29

	 
	I2/Noc(40%) (“medium”)
	7.52
	3.61

	I1/Noc(60%) @20%-tile 
	 
	2.08
	0.87

	 
	I2/Noc(60%) (“mean”)
	-0.82
	-1.56

	 
	I2/Noc(60%) (“medium”)
	-0.48
	-1.12

	I1/Noc(60%) @50%-tile
	 
	7.42
	4.71

	 
	I2/Noc(60%) (“mean”)
	1.36
	0.22

	 
	I2/Noc(60%) (“medium”)
	1.44
	0.40

	I1/Noc(60%) @80%-tile
	 
	18.93
	11.44

	 
	I2/Noc(60%) (“mean”)
	7.45
	2.71

	 
	I2/Noc(60%) (“medium”)
	6.21
	2.00

	
	
	
	

	Scenario #1, 75-95% geometries
	 
	NNSN (full ITU channel model)
	NNSN (phase 1, with EPA channel)

	
	
	(dB)
	(dB)

	SINR_min
	SINR_max
	 
	7.03
	14.37
	12.48
	19.42

	I1/Noc(40%)@20%-tile
	 
	3.77
	1.20

	 
	I2/Noc(40%) (“mean”)
	0.79
	0.10

	 
	I2/Noc(40%) (“medium”)
	1.07
	0.50

	I1/Noc(40%) @50%-tile
	 
	11.27
	7.02

	 
	I2/Noc(40%) (“mean”)
	4.78
	4.82

	 
	I2/Noc(40%) (“medium”)
	4.54
	5.59

	I1/Noc(40%) @80%-tile
	 
	23.01
	18.12

	 
	I2/Noc(40%) (“mean”)
	15.55
	16.62

	 
	I2/Noc(40%) (“medium”)
	15.41
	16.89

	I1/Noc(60%) @20%-tile 
	 
	2.39
	-0.13

	 
	I2/Noc(60%) (“mean”)
	-0.65
	-1.24

	 
	I2/Noc(60%) (“medium”)
	-0.40
	-0.80

	I1/Noc(60%) @50%-tile
	 
	9.87
	5.56

	 
	I2/Noc(60%) (“mean”)
	3.30
	3.38

	 
	I2/Noc(60%) (“medium”)
	2.98
	4.25

	I1/Noc(60%) @80%-tile
	 
	21.69
	16.73

	 
	I2/Noc(60%) (“mean”)
	14.11
	15.23

	 
	I2/Noc(60%) (“medium”)
	14.02
	15.60


Table 2: Detailed simulation assumptions

	 
	Scenario 1 
	Scenario 2a/2b

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (optional: 7 macro sites, similar to that in SCE SI)

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm (for small-cell)

	Distance-dependent path loss
	ITU UMa
	ITU UMa for macro and UMi for small cell

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa
	ITU UMi for small-cell

	Antenna pattern
	3D (referring to TR36.819)
	2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi for small cell

	Antenna configuration
	Baseline: 2Tx and 4Tx (0.5 lambda), cross-polarized
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)
	Baseline (for small cell): 2Tx and 4Tx(0.5 lambda), cross-polarized
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)

	Number of small cells per macro cell geographical area
	 
	FFS: 4 or 10 4

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	 
	Same as CoMP Scenario #3/4 in TR36.819 
• Macro – RRH/Hotzone: >75m
• Macro – UE : >35m
• RRH/Hotzone – RRH/Hotzone: >40m
• RRH/Hotzone – UE : >10m

	UE noise figure
	9dB

	Handover margin
	3 dB

	Cell selection criteria
	Baseline: RSRP for intra-frequency and no CRE (optional: 6dB CRE)


