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1. Introduction

At the last RAN4 #66bis ad-hoc meeting, link-level modeling for NAICS evaluation was agreed and captured in [1] as follows:

· General methodology for link level modeling

· Inter-cell interference modeling: The general principle is to reuse the same methodology used for MMSE-IRC. FFS on interference profiling under FTP model and/or full buffer. 

· FFS: Intra-cell interference modeling

· FFS: Geometries of interest
In this contribution, we discuss inter-cell interference modeling methodologies for NAICS link-level evaluation. 
2. Inter-cell Interference Modeling Methodologies
According to the investigations in Rel.11 MMSE-IRC SI phase [2], the link-level performance for NAICS could be evaluated in accordance with the following three steps:

· Step 1: Identifying deployment scenarios 

· Step 2: Interference modeling based on system level simulation
· Step 3: Link performance evaluation using the interference modeling
Regarding Step 1, deployment scenarios for NAICS were discussed and agreed at the last RAN1 #72bis meeting [3]. Based on this agreement, RAN4 should conduct the interference modeling and evaluate the link-level performance for NAICS. In this section, regarding Step 2, we focus on the inter-cell interference modeling schemes and propose those schemes assuming FTP traffic model.

2.1. Interference Modeling Using Dominant Interferer Proportion (DIP)
In TS36.101, Dominant interferer proportion (DIP) was defined as a key parameter to define the interference profiles for Rel. 11 MMSE-IRC receiver demodulation and CSI tests [4]. This DIP definition is captured as follows.
	Clause B.5.1 in TS 36.101 [4]

Each interfering cell involved in enhanced performance requirements Type-A is characterized by its associated dominant interferer proportion (DIP) value:
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 is the average received power spectral density from the i-th strongest interfering cell involved in the requirement scenario (
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 is the average power spectral density of a white noise source consistent with the definition provided in subclause 3.2 and 
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 is the total number of cells involved in a given requirement scenario.


When re-using this DIP definition to model the inter-cell interference for NAICS, there are some issues to be considered. Below, we identify the issues and describe our views and proposals.
· Issue 1: Inter-cell interference modeling under FTP model and/or full buffer
In the investigations in Rel. 11 SI, DIP values were determined according to the target geometries based on system-level simulation under the agreed simulation assumptions. Since these simulation assumptions included only full buffer as the traffic model, DIP values were investigated assuming full buffer. However, the current RAN1 assumptions for NAICS include only FTP model 1 as the traffic model [3]. Therefore, the difference in traffic models may be a problem to model the inter-cell interference for NAICS.

Our proposal regarding this issue is that DIP values should be still determined under full buffer assumption for simplicity. This is because interference modeling under FTP model 1 seems to be difficult due to drastic change of interference statistics in the time domain. In other words, DIP values are drastically changed according to the traffic load. Even when DIP values are determined under full buffer, the loading level can compensate for the difference in the link-level evaluation. Details are described in the next subsection.
Proposal 1: DIP values should be determined under full buffer for simplicity.

· Issue 2: DIP determination for heterogeneous network

Rel. 11 MMSE-IRC investigation targeted only homogeneous networks as the deployment scenario. In this case, the configurations of each eNodeB, e.g., transmit power, are the same for all the eNodeBs. Therefore, the interference statistics are also the same for all the UEs. However, in the current RAN1 assumptions for NAICS, both homogeneous network and heterogeneous network are included. In this case, the interference statistics are quite different according to the serving cell, i.e., either UEs connected to macro cells or small cells. 
Based on this observation, we propose that DIP values for heterogeneous network should be determined separately according to the UEs connected to macro cells or small cells. If DIP values will be determined for all UEs, it happens that DIP values for UEs connected to macro (or small) cells are buried in those for UEs connected to small (or macro) cells according to the ratio of the numbers of UEs connected to macro cells and small cells.
Proposal 2: DIP values for heterogeneous network should be determined separately from that for homogeneous network according to the UEs connected to macro cells or small cells.

· Issue 3: Types of interference profile 
As we mentioned in the Issue 2, exact DIP values that are used in the link-level evaluation were determined according to the target geometries, which were referred to conditional DIP, in Rel. 11 SI. We consider that this idea should be kept for NAICS investigation. Regarding this conditional DIP, the following types of interference profiles were investigated.

· Interference profile based on median values

· Interference profile based on weighted average throughput gain

In the former approach, the exact DIP values for link-level evaluation are determined based on the median values of the distribution of DIP values which are conditioned on the target geometry. In contrast, the latter approach is more complex than the former approach since a lot of link-level evaluations are required to determine the exact DIP values (details of determination in this approach are shown in [2]). 
Based on this observation, because of the limitation for the SI timeline, we propose that the exact DIP values used in the link-level evaluation should be determined based on median values of conditional DIPs as the initial phase. Once the NAICS receiver is determined using this DIP values, the latter approach could be focused if needed.
Proposal 3: The exact DIP values used in the link-level evaluation should be determined based on median values of conditional DIPs as the initial phase.
2.2. Link-level Evaluation Schemes Using DIP
Once the exact DIP values and the number of explicit interfering cells for the link-level evaluation are determined, the evaluation of the performance for NAICS can be performed under the full buffer assumption. However, when assuming the partial loading such as FTP model 1, some modifications for link-level evaluation are needed. The parts that need the modification are categorized as follows.

· Implicit inter-cell interference, which is approximated as AWGN, and noise part

· Explicit inter-cell interference, which is simulated explicitly for link-level evaluation
Below we propose the modifications for each interference part to evaluate the NAICS performance assuming the partial loading.
· Implicit inter-cell interference, which is approximated as AWGN, and noise part 

Before discussing this interference, we would like to define the geometry as follows.
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Here, 
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is the implicit inter-cell interference and noise part. When assuming the partial loading model, we propose that 
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should be scaled according to the loading factor,  (0 ≤  ≤ 1), i.e., 
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. For example,  is set to 0.5 when assuming the partial loading level of 50%. In this proposal, the actual SINR for link-level evaluation is calculated as follows.
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When assuming the scaled 
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, the link-level evaluation can be performed according to the partial loading level in regard to the implicit inter-cell interference and noise. Note that DIP values should be determined under full buffer model and those values according to the target “Geometry” should be used in this case, and then the average received power spectral density from the i-th strongest interfering cell, 
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, can be re-calculated using the target geometry, DIP value, and the power spectral density associated with the serving cell as follows.
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Proposal 4: Noc should be scaled according to the loading factor,  (0 ≤  ≤ 1), i.e., Noc.
· For the link-level evaluation, the scaled Noc should be assumed.

· DIP values should be determined under full buffer model.

· DIP values according to the target “Geometry” should be used.

· Explicit inter-cell interference, which is simulated explicitly for link-level evaluation

Regarding this interference, the partial loading model should be introduced explicitly in the link-level simulation. Before the discussion on the modeling schemes, we show the initial evaluation results for the traffic load of each cell using the system-level simulation in Fig. 1. In this evaluation, the simulation assumptions are almost aligned with Scenario 1 agreed in RAN1 [3] although subsets of parameters are different from this scenario. Offered load is assumed to be 2 Mbyte and the resource utilization is set to around 50%. In Annex, the simulation parameters are summarized.
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(a) Cell #1                                                                     (b) Cell #2

Figure 1 – Traffic load for each cell

Based on the results, we can observe bursty traffic patterns in the time domain. Furthermore, it is also observed that an eNodeB mainly transmits the signals across the system bandwidth when there are UEs, although whether or not to transmit signals over the system bandwidth depends on the scheduler.
Additionally, the average burst traffic time for each cell is also evaluated and the result is shown in Fig. 2.
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Figure 2 – Average burst traffic time
Based on this result, the average burst traffic time can be assumed to be around 1,500 msec under the assumed conditions.
Observation 1: Bursty traffic patterns are observed in the time domain.

Observation 2: Average burst traffic time can be assumed to be around 1,500 msec under the offered load of 2 Mbyte and resource utilization of around 50% assuming the data transmission over the system bandwidth.

From the above observations, we propose the partial loading model as illustrated in Fig. 3. Regarding the loading in the time domain, the occurrence probability of bursty traffic patterns should follow the partial loading level. Furthermore, the burst traffic time should be set according to the results of system-level simulation assuming FTP model 1. Regarding the loading in the frequency domain, for simplicity, we propose the assumption of the system bandwidth usage. 
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Figure 3 – Proposed explicit inter-cell interference model
Proposal 5: Partial loading model is proposed as follows.

· In the time domain, the occurrence probability of bursty traffic patterns should follow the partial loading level. 

· Burst traffic time should be set according to the results of system-level simulation assuming FTP model 1. 

· In the frequency domain, for simplicity, the assumption of the system bandwidth usage is proposed. 

2.3. Partial Loading Level of Interest
We would like to discuss the loading levels for each scenario, i.e., homogeneous network and heterogeneous network. First, regarding homogeneous network, it seems that medium loading case, e.g., 50% loading, is sufficient in this scenario. This is because this scenario is the worst case for the NAICS due to the limitation of the inter-cell interference power. 

Regarding the heterogeneous networks, we consider that the highest loading case, i.e., full buffer, in addition to medium loading case, e.g., 50% loading, should be addressed to investigate the upper bound of NAICS. This is because these scenarios are the best cases for the NAICS due to the arrival of the more dominant interference compared to the homogeneous network. Furthermore, in this scenario, high loading could be assumed since small cells are deployed in dense traffic area that cannot be covered by macro cells. 

Proposal 6: Highest loading case, i.e., full buffer, in addition to medium loading case, e.g., 50% loading, should be addressed especially for heterogeneous network scenario.

2.4. Geometries of Interest

As we mentioned in [5], we consider that inter-cell interference should be given first priority since it is important to improve the cell-edge UE throughput performance. Therefore, low geometry cases, e.g., -2.5dB and/or 0 dB, should be addressed for DIP determination. Additionally, when focusing on the intra-cell SU-MIMO interference, i.e., inter-stream interference, high geometry cases, e.g., 15 and/or 20 dB, should be addressed for DIP determination.

Proposal 7: Low geometry cases, e.g., -2.5dB and/or 0 dB, should be addressed for DIP determination.

Proposal 8: High geometry cases, e.g., 15 and/or 20 dB, should be also addressed for DIP determination when focusing on the intra-cell SU-MIMO interference.

3. Conclusion

In this contribution, we proposed the inter-cell interference modeling methodologies for NAICS link-level evaluation. Our observations and proposals for each discussion topic are summarized as follows.
· DIP determination:
Proposal 1: DIP values should be determined under full buffer for simplicity.

Proposal 2: DIP values for heterogeneous network should be determined separately according to the UEs connected to macro cells or small cells.

Proposal 3: The exact DIP values used in the link-level evaluation should be determined based on median values of conditional DIPs as the initial phase.
· Implicit inter-cell interference and noise modeling:
Proposal 4: Noc should be scaled according to the loading factor,  (0 ≤  ≤ 1), i.e., Noc.

· For the link-level evaluation, the scaled Noc should be assumed.

· DIP values should be determined under full buffer model.

· DIP values according to the target “Geometry” should be used.

· Explicit inter-cell interference modeling:
Observation 1: Bursty traffic patterns are observed in the time domain.

Observation 2: Average burst traffic time can be assumed to be around 1,500 msec under the offered load of 2 Mbyte and resource utilization of around 50% assuming the data transmission over the system bandwidth.

Proposal 5: Partial loading model is proposed as follows.

· In the time domain, the occurrence probability of bursty traffic patterns should follow the partial loading level. 

· Burst traffic time should be set according to the results of system-level simulation assuming FTP model 1. 

· In the frequency domain, for simplicity, the assumption of the system bandwidth usage is proposed. 

· Partial loading level of interest:
Proposal 6: Highest loading case, i.e., full buffer, in addition to medium loading case, e.g., 50% loading, should be addressed especially for heterogeneous network scenario.

· Geometries of interest:
Proposal 7: Low geometry cases, e.g., -2.5dB and/or 0 dB, should be addressed for DIP determination.

Proposal 8: High geometry cases, e.g., 15 and/or 20 dB, should be also addressed for DIP determination when focusing on the intra-cell SU-MIMO interference.
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Annex

Table A1 – Evaluation assumptions for system-level simulation
	 
	Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	System bandwidth per carrier
	10MHz

	Carrier frequency
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm

	Distance-dependent path loss
	ITU UMa (Using 2D distance)

	Penetration loss
	0dB

	Shadowing
	ITU UMa

	Antenna pattern
	3D,  referring to TR36.819

	Antenna Height:
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	eNodeB: 2Tx (0.5 lambda), cross-polarized
UE: 2 Rx, cross-polarized

	Number of UEs
	Variable per FTP model 1

	UE dropping
	100% UEs are outdoor

	Traffic model
	FTP model 1 as in TR 36.814

	Resource utilisation factor
	Resource utilization of 45%


	UE receiver
	Rel. 8 Baseline receiver

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP for intra-frequency

	Network synchronization
	When evaluating under synchronization error, the error is to be defined by RAN4

	Considered transmission schemes from a single point
	SU-MIMO (adaptive rank-1 &2)

	Considered inter-point transmission scheme
	No CoMP

	Feedback assumption
	Non-ideal channel/interference estimation.

	Receiver impairment modeling (feedback)
	Non-ideal channel/interference estimation. 


Note that red parameters are different from the current RAN1 assumptions in [3].
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