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1
Introduction
In 3GPP RAN4 #67 meeting, it is agreed to employ explicit interference ON/OFF model to model more realistic interference situation in link level simulation. Furthermore, during Email discussion of intermediate simulation alignment, the details of interference model for NAICS scenario 1 is agreed. However, for NAICS scenario 2, there is no agreement since it hasn't been well studied yet in RAN4. In addition, the details of dynamic interference cell ON/OFF pattern for Phase 2 simulation is still FFS too.

In this contribution, we provided our further analysis and views on interference model for both Phase 1 and Phase 2 simulation. 
2 Interference model in Phase 1 simulation
2.1 Prioritization of interference profile
During RAN4 Email discussion, it is agreed to develop a bunch of interference profiles covering high/medium/low geometry, high/medium/low I1/Noc values and multiple resource utilization level. To cover all cases, 18 sets of interference models are developed for NAICS scenario 1 ONLY. Due to different resource utilization levels in NAICS scenario 2, the number of interference model may be several times of NAICS scenario 1. It leads to 36 - 100 sets of interference profiles to cover all cases.
Certainly, it is recognized that it will be good to cover scenarios as many as possible to fully understand NAICS performance. However, considering the limited time for NAICS SI and Phase 1 alignment which should be done quickly, it will be good to prioritize certain scenarios.
· For interested geometry range, NAICS is more beneficial for cell edge UE. Thus, it is reasonable to prioritize low geometry for both NAICS scenario 1 and scenario 2. At the same time, it is also important to evaluate the performance impact to center UE in high geometry. Thus, high geometry case of NAICS scenario 2 could be prioritized as well.
· For I1/Noc value, there are 3 values 20%-tile, 50%-tile and 80%-tile in current assumptions. Among those 3 values, it is preferred to prioritize 50% and 80% case since low interference case is not the key interested case for NAICS SI. 
· For resource utilization level, resource utilization level 40% and 60% are mandate in RAN1 agreement. However, based on current simulation results for NAICS scenario 1, 40% and 60% resource utilization level leads a up to 1.5dB interference level, as shown in Table 2. It is expected no substantial performance gain difference due to 1.5dB interference level difference. Thus, it is proposed to select only one resource utilization level out of 40% and 60% in Phase 1 simulation (40% is our preference).
Table 1: Interference profile in NAICS scenario 1

	
	I1/Noc , I2/Noc

	Low Geometry
	Alpha = 0.4
	Alpha = 0.6

	@20%-tile of I1/Noc

@50%-tile of I1/Noc

@80%-tile of I1/Noc
	3.15     0.67

7.80     2.06

14.90    3.81
	1.83   -0.70

6.38   0.70

13.31   2.15

	Medium Geometry
	Alpha = 0.4
	Alpha = 0.6

	@20%-tile of I1/Noc

@50%-tile of I1/Noc

@80%-tile of I1/Noc
	2.07     -0.12

6.17     1.33

12.97     3.32
	0.72   -1.51

4.69   -0.26

11.41   1.74

	High Geometry
	Alpha = 0.4
	Alpha = 0.6

	@20%-tile of I1/Noc

@50%-tile of I1/Noc

@80%-tile of I1/Noc
	1.33    0.65

6.57    5.47

17.05   15.81
	-0.09   -0.75

5.03   3.96

15.59  14.33


Proposal 1: Prioritize low geometry case in SCE 1 and low/high geometry case in SCE 2. Prioritize I1/Noc @50%-tile as most typical case. Select one resource utilization level out of 40% (our preference) and 60%. Thus, the interference profiles are prioritized:

· Set 1: low geometry for NAICS scenario 1, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%.

· Set 2: low geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

· Set 3: high geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%
2.1 Interference model of NAICS scenario 2
· The number of interference cell to be explicitly model

During RAN4 Email discussion, a concern was raised that more than 2 dominant interferers may be seen by UE due to additional small cells deployment in NAICS scenario 2. Thus, the number of interferer need to be decided based on DIP results, e.g. DIP > 15% may be considered as dominant interference cell. Table 2 shows DIP profile of strongest 3 dominant interference cell in NAICS scenario 2. It is observed that the DIP of 3rd dominant interferer is less than 10%. Thus, it is proposed that 
Proposal 2: For NAICS scenario 2, 2 interference cell are explicitly modeled.
Table 2: DIP profile of strongest 3 cells in NAICS scenario 2 (Full Buffer)

	
	DIP of 1st dominant interferer 
	DIP of 2nd dominant interferer
	DIP of 3rd dominant interferer

	@5%-tile geometry
	63%
	18%
	5%

	@50%-tile geometry
	65%
	17%
	5%

	@80%-tile geometry
	61%
	18%
	8%


· Cell specific resource utilization level
In RAN4 #67 meeting, it is agreed that the non-dominant interference will be scaled with resource utilization (RU) level to model the realistic Noc level under FTP traffic. However, considering marco cell and small cell typically have different RU, it is unclear how to apply the suggested RU level (40%, 60%) by RAN1 for NAICS scenario 2. Basically, there are two options under discussion:

· Option 1: As defined by RAN1, RU is the most loading layer (i.e. marco or small cells). Considering marco cell usually have higher RU than small cells, the suggest RU level could be applied on marco cell. And a smaller RU is applied on all small cells based on system level simulation results.
· Option 2: Directly run a system level simulation with partial loading and collect the interference level.

In our view, Option 1 is still aligned with the agreement we have in RAN4 #67 meeting. And, it is better to use the same principle when developing interference model for scenario 1 and scenario 2. Furthermore, companies already shows very well aligned results for interference model with option 1. It is expected to be easier to reach an agreement on a resource utilization level rather than aligned system level simulation results. 
Table 3 shows the resource utilization of Marco cell and Small Cell based on our SLS. Detail simulation assumptions are provided in Annex. Based on our results, RU of Small Cell is around [0.4-0.5] times of Marco cell. So, it is proposed to set RU of small cell as half of Marco cell RU.
Table 3: Resource utilization in NAICS scenario 2
	
	Marco RU
	Small Cell RU

	Case 1
	13%
	5%

	Case 2
	23%
	10%

	Case 3
	41%
	16%

	Case 4
	65%
	27%

	Case 5
	80%
	38%


Proposal 3: For NAICS scenario 2, applied the suggest RU level (40%, 60%) on marco cell, and applied a small RU level (20%, 30%) on small cell.
3 Interference model in Phase 2 simulation
· Dynamic ON/OFF model

In Phase 2 simulation, dynamic ON/OFF model for interference cell will be introduced to model FTP traffic in real network. Currently, there are 3 ON/OFF models under discussion.
· Option 1: convert arrival rate to ON/OFF (refer to R4-132814)

· Option 2: assuming fixed spectral efficiency (e.g., 2b/s/Hz) and packet size of 0.5Mbytes and Poisson arrival rate of lambda to derive ON/OFF pattern

· Option 3: fixed ON period (e.g., 1500ms for 2Mbytes) followed by random OFF period derived based on Poisson process and a certain arrival rate (refer to R4-132415)

In our views, it is difficult to model every aspect of FTP traffic model in link level simulation. It is questionable that spending a lot of effort to deploy a complicated ON/OFF model. From this aspect, a simple FTP model, e.g. Option 3 is preferred and accurate enough for link level simulation.

Furthermore, in order to achieve good simulation results alignment among companies and avoid extensive long simulation length, it is good to reduce the randomness of ON/OFF model as much as possible. E.g. RAN4 may consider to specify a specified ON/OFF pattern for each interference cell as RAN usually did.
Proposal 4: Introduce a simple dynamic ON/OFF model with limit randomness, e.g. fixed ON period model.
4 Conclusion
In this contribution, we provide our further views on open issues for interference model in Phase 1 and Phase 2 link level simulation. Our proposals are:
Proposal 1: Prioritize low geometry case in SCE 1 and low/high geometry case in SCE 2. Prioritize I1/Noc @50%-tile as most typical case. Select one resource utilization level out of 40% (our preference) and 60%. Thus, the interference profiles listed below are prioritized:

· Set 1: low geometry for NAICS scenario 1, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%.

· Set 2: low geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

· Set 3: high geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%
Proposal 2: For NAICS scenario 2, 2 interference cell are explicitly modeled.

Proposal 3: For NAICS scenario 2, applied the suggest RU level (40%, 60%) on marco cell, and applied a small RU level (20%, 30%) on small cell.
Proposal 4: Introduce a simple dynamic ON/OFF model with limit randomness, e.g. fixed ON period model.
5 Annex
Table 4: System level simulation assumption
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	5 MHz 

	Cellular Layout
	NAICS scenario 1

	Handover margin
	3dB

	Downlink transmission scheme
	TM9 2x2, SU-MIMO

Rank adaptation between Rank 1 and Rank 2

	Downlink scheduler
	Proportional Fair with TDM scheduling

	Downlink link adaptation
	CQI and PMI 5ms feedback period

Wideband CQI feedback
6ms delay total

MCSs based on LTE transport formats [36.213]

	Antenna Configuration
	eNB/RRH: 2Tx
UE: 2Tx

Cross-polarized antenna is used at both eNB and UE side

	Traffic model
	FTP

	Link error prediction technique
	MMIB
Outer-loop control based on ACK/NACK report.

	Channel Estimation
	Ideal
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