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1 Introduction
In the last RAN4 meeting (66bis), several aspects of interference modeling were discussed for network-assisted interference cancellation. A WF [1] was agreed upon to capture the agreements made in RAN4 discussions. In addition, an LS was provided by RAN1 to RAN4 [2] on deployments scenarios and other recommendations for performance evaluations.
This paper continues to build on that discussion and addresses the parameters involved in interference modeling for the evaluation of NAICS schemes, specifically Rel-12 advanced receivers. The methodology discussed here covers ways to model different interferer strengths, loading scenarios etc. along with other parameters necessary for RAN4 performance evaluations.
2 Parameters Based on NAICS Scenarios
Three scenarios were recommended by RAN1 for RAN4 performance evaluations by way of LS (R1-131687) - 1) Homogeneous network with only macro cells, 2) HetNet with non-ideal backhaul and 3) HetNet with quasi-ideal backhaul. Some key aspects of each scenario are listed below:
· Scenario 1: Homogeneous networks with only macro-cell, ISD = 500m 
· Scenario 2: HetNet with non-ideal backhaul

· Scenario 3: HetNet with quasi-ideal backhaul

Furthermore, RAN4 arrived at the following agreements for performance evaluations for NAICS. 

· Synchronization: The synchronous case was agreed to be the first priority followed by the asynchronous case. 
· The agreement on the synchronization errors was to reuse CoMP or FeICIC assumptions depending on the scenario. Accordingly, the following synchronization error numbers are proposed.
Proposal 1: Synchronization Requirements: We propose the following requirements NAICS link level simulations. 
· Time synchronization: Cell2 =  3 us; Cell3 = -1 us
· Frequency synchronization: Cell2 = 300 Hz; Cell3 = -100 Hz
3 Link Level Parameters for Interference Modelling

3.1 General Principles

Considerations on Geometries of Serving and Interferers: The geometry, defined as the signal to interference + noise ratio, has the following considerations:

· Serving and interferer geometry should take into account the handoff hysteresis. Hence, lower serving geometries are important to consider as these may represent cell-edge UEs.
· Geometry considered for performance evaluation should be large enough that the PDCCH would still be decoded successfully.

· System level simulations need to be performed to obtain realistic geometry numbers for key NAICS scenarios. Please refer to [3] for further details.

In past RAN4 evaluations, the FeICIC model has adopted the method of using Es/Noc (and I/Noc) to capture the serving and interferer strengths. Another model which has been used in prior studies is the DIP (Dominant Interferer Proportion) model. 

Proposal 2: Number of Interferers: We propose to model two interferers and mitigate one or two interferers at the UE as in feICIC and MMSE-IRC studies.
Proposal 3: DIP or FeICIC Es/Noc Modeling: We propose to use FeICIC model of characterizing the serving and interfering signal strengths using Es/Noc, I1/Noc and I2/Noc for the top two dominant interferers, where Noc is defined as the total received power from all the non-dominant interferers excluding the strongest two along with the thermal noise.
Justification: The FeICIC model allows for flexibility when it comes to modeling partial loading scenarios. Since I/Noc is calculated for each interfering cell separately, this model defines interferer strengths independently for each cell.
3.2 Partial Loading Model

Proposal 4: Partial Loading Levels: For the interfering cells, we propose the following two loading scenarios:

1. Full loading across time-frequency resources

2. 50% loading across time.

· Frequency domain loading could be full band in the SI phase provided that partial loading will be addressed when actual tests are defined.

Proposal 5: Partial loading model for non-dominant interferers: In order to account for partial loading scenarios, we propose the following simple and effective method for non-dominant interferer modeling. If interferer loading is a fraction 0 < α < 1 of the time-bandwidth resources, then the Noc can be calculated as
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Proposal 6: Partial loading model for dominant interferers: RAN1 has recommended the FTP1 traffic model as shown in Figure 1. This is much more accurate representation of the actual traffic pattern compared to the full buffer model used in previous RAN4 studies (MMSE-IRC) with PMI and rank adaptation. For RAN4 link level performance evaluations, however, it would not be possible to simulate the birth-death process for each neighbor cell UE, the corresponding radio conditions and the scheduling algorithm at the interfering cell. Instead, we propose the following abstracted ON/OFF interference model:
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Figure 1: FTP model

· Step 1: Traffic is modeled as a series of file transfers as recommended by RAN1.

·   Assume that the arrival process of transfers is Poisson distributed with an average transfer arrival rate, λ, defined as the offered traffic/file size (transfers/sec).
·   A fixed file size (S) is assumed for all simulated users. 
· Step 2: Convert each transfer into one burst of interference (start/end time, MCS, rank) by generating a statistical “interfering user” profile in terms of MCS and rank. The input parameters of this profile should be generated from system level simulations.
·   Download rate (DL_rate) for each file transfer is randomly generated based on a uniform distribution between rate_min and rate_max in Mbps, where rate_min and rate_max could be the 5% and 95% of perceived throughput for UEs at certain loading level.
·   Rank 2 probability for each file transfer should be associated with the DL_rate, where the higher the DL_rate, the more likely rank 2 transmission is used. One heuristic formula for generating the rank 2 probability is that P(rank = 2) = (DL_rate – rate_min)/(rate_max – rate_min). Then the rank of this transfer could be generated from a Bernoulli distribution based on this probability
·   Number of allocated PRBs (PRB_alloc) could be full band in the study item phase for the ease of performance evaluation.  For actual performance tests, partial allocation should be considered.
·    MCS: Transport Block Size (TBS) is calculated as DL_rate/1000/Number of Code Words. Quantize the TBS to the next higher TBS from the ITBS table based on PRB_alloc.MCS is then calculated based on the quantized TBS and capped to MCSmax.
·   Number of SF for the download (Num_SF) is then calculated as FileSize/(QuantizedTBS x Number of Code Words)

· If DL of one transfer is not complete before the next transfer starts (Num_SF > IAT), then this transfer download is stopped and the next transfer starts.
One sample of the modulation order trace based on this model for a 50% loading network is shown in Figure 2.
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Figure 2: Time trace of modulation order for interfering cell FTP transfers at 50% loading

3.2.1 Transmission modes and other system parameters
Proposal 7: Transmission modes & MCS: Consider both CRS and UERS based transmissions. In order for companies to align results in a timely manner, we suggest to align CRS first followed by UERS for the following reasons:

· CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.
· Rel-12 networks will still have considerably large presence of CRS based transmissions involving legacy UEs and legacy base stations alike.

Corollary: Study TM2, TM3, TM4 first and then evaluate TM8/TM9/TM10.
Colliding vs. Non-Colliding CRS:

Consider the following factors from a UE design as well deployment perspectives:

UE Design: The performance of CRS-IC is well understood from FeICIC. Therefore, in order to simplify the interactions between CRS-IC and NAICS at the beginning of the study item evaluations, it is recommended to start with colliding CRS scenarios.

Deployment: We need to consider scenarios with and without PCI planning. With perfect PCI planning in perfect hexagonal layout, the interferer is likely to face strong non-colliding CRS interferers whereas in practical network deployments, both strong colliding and non-colliding CRS interferers need to be considered.

In existing interference cancellation studies (feICIC), one colliding and one non-colliding CRS cells are modeled.
Proposal 8: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first if a single dominant interferer is modeled. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

4 Conclusions
Aspects of interference modeling for performance evaluation of Rel12 UEs with interference mitigation capability were discussed. The following proposals were made:
Proposal 1: Synchronization Requirements: We propose to adopt the feICIC demod assumption. 
Proposal 2: Number of Interferers: We propose to model two interferers and mitigate one or two interferers at the UE.

Proposal 3: DIP or FeICIC Es/Noc: We propose to use FeICIC model of characterizing the serving and interfering signal strengths using Es/Noc, I1/Noc and I2/Noc for the top two dominant interferers, where Noc is defined as the total received power from all the non-dominant interferers excluding the strongest two along with the thermal noise.

Proposal 4: Partial Loading Levels: For the interfering cells, we propose the following two loading scenarios:

1. Full loading across time-frequency resources

2. 50% loading across time.

· Frequency domain loading could be full band in the SI phase provided that partial loading will be addressed when actual tests are defined.

Proposal 5: Partial loading model for non-dominant interferers: In order to account for partial loading scenarios, we propose the following simple and effective method for non-dominant interferer modeling. If interferer loading is a fraction 0 < α < 1 of the time-bandwidth resources, then the Noc can be calculated as
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Proposal 6: Proposal 6: Partial loading model for dominant interferers: Abstracted ON/OFF interference model to emulate FTP traffic.
Proposal 7: Transmission modes & MCS: Consider both CRS and UERS based transmissions should be covered. In order for companies to align results in a timely manner, we suggest to align CRS first followed by UERS.

Corollary: Study TM2, TM3, TM4 first and then evaluate TM8/TM9/TM10.
Proposal 8: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first if a single dominant interferer is modeled. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 
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