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1. Introduction
The LTE Rel.-11 SI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved in RAN#51 [1]. This study item (LTE-TDD SI) considers the adaptation of DL-UL resources to traffic conditions in LTE-TDD network that may potentially lead to new types of interference in the network [2]. To perform evaluation of DL-UL interference management and traffic adaptation techniques new traffic models that support DL-UL asymmetry need to be defined and agreed. In this contribution a simple approach for cell-dependent DL-UL traffic asymmetry modeling is described. The proposal is based on the existing set of FTP traffic models defined in [3] and introduces cell-specific traffic asymmetry indicators used to assign FTP traffic to DL or UL flows. In addition the usage of the full buffer traffic model is discussed.

2. DL-UL Traffic Asymmetry Model

In general case the DL-UL traffic asymmetry may exist in time-domain (e.g. per-day, per-packet fluctuations) [4] and in cell-domain (e.g. diverse data applications in different geographical areas) [5]. In this contribution cell-dependent DL-UL traffic fluctuations over a fixed time interval are considered (i.e. cell-domain DL-UL traffic asymmetry which exists in different cells at the considered time interval). Two types of traffic models may be suggested for LTE-TDD SI system level evaluations:

· Non-full buffer FTP traffic model. This model emulates the practical traffic environment and enables simple introduction of cell-dependent DL-UL traffic asymmetry. The existing FTP model may be slightly modified in order to support modeling of cell-dependent DL-UL traffic asymmetry.

· Full buffer traffic model. From the general point view this model cannot be applied to reflect DL-UL traffic asymmetry since the packet buffers in DL and UL flows are always full. However this model may be useful to perform analysis of new types of interference and to get preliminary estimates of the efficiency of interference-mitigation techniques.

In the next sections of this document the DL-UL traffic asymmetry modeling approach is described. The description is started from homogeneous network deployment scenario and then the approach is generalized for the case of heterogeneous network.

2.1. Homogeneous Network Deployment

In homogeneous deployment the network is divided into a number of cell-groups in accordance with the values of DL-UL traffic asymmetry indicator 
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[image: image2.wmf]U

D

DU

R

R

R

=


where, 
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 is the ratio of average amount of DL traffic to the total average amount of DL and UL traffic (
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and 
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 is the ratio of average amount of UL traffic to the total average amount of DL and UL traffic 
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In system level simulations a predefined deterministic function or a probabilistic approach may be used to divide the network into a set of N cell-groups characterized by a discrete set of DL-UL traffic asymmetry indicators 
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. If a probabilistic method is applied then the predefined set of probabilities 
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 should be defined and used for random assignment DL-UL traffic asymmetry indicators to the cells. If a predefined deterministic function is applied then all cells are divided into N groups where each group consists of the predefined number of cells with specific values of DL-UL traffic asymmetry indicators.

In general case arbitrary traffic asymmetry indicators may be assigned to each cell/sector of the homogeneous network. But to simplify analysis we propose to assign a single DL-UL traffic asymmetry indicator value per a network site (assuming same average traffic requirements for different sectors of one Macro eNB).

For illustration consider an example of the 19 cells hexagonal network deployment (Figure 1). The network is divided into two cell-groups depending on DL-UL traffic asymmetry indicator – 75% of cells are DL Favored Cells (DLFC), where average amount of DL traffic is higher than the average amount of UL traffic (e.g. 
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) and 25% of cells are UL Favored Cells (ULFC), where average amount of UL traffic is higher than the average amount of DL traffic (e.g. 
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). To support evaluation of such a scenario each cell has to be randomly assigned to be a DLFC with probability 
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Figure 1. DL-UL traffic asymmetry model for Homogeneous deployment

In the next subsections the approach with DL-UL traffic asymmetry indicators in application to non-full buffer and full buffer traffic models is described in more details.

2.1.1 Non-Full Buffer Traffic Models (FTP)

For non-full buffer modeling the DL and UL traffic in each cell should be generated in a way to satisfy the DL-UL traffic asymmetry indicators assigned to the considered cell. Existing FTP models (FTP Traffic Model 1 and FTP Traffic Model 2) defined in [3] are used to generate asymmetrical DL and UL traffic. In order to introduce the DL-UL traffic asymmetry existing models need to be modified in the following way:

· FTP Traffic Model 1 (Random User Arrival Time)

In this model a single traffic generator is instantiated per cell. For the fixed value of user arrival rate 
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 new users in each cell shall be assigned to either DL or UL flows with probabilities 
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, respectively. Different amount of the total DL and UL traffic 
[image: image21.wmf]DL-UL

T

 should be considered to cover wide range of resource utilization (e.g. [10%, 50%, 80%]). An illustration of the proposed mechanism for FTP Traffic Model 1 in case of RDU=4/6 is shown on Figure 2.
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Figure 2. DL-UL traffic generation for FTP Model 1

· FTP Traffic Model 2 (Random Reading Time)

In this model a single traffic generator is instantiated per each user. For the fixed mean reading time 
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 and fixed amount of users 
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 the new packet appeared at each user is transmitted either in DL or in UL flow according to the DL and UL flow probabilities 
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, respectively. Different amount of the total DL and UL traffic 
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 should be considered to cover wide range of resource utilization (e.g. [10%, 50%, 80%]) during evaluation. An illustration of the proposed mechanism for FTP Traffic Model 2 for the case of 
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 is shown on Figure 3. Alternatively the DL-UL traffic asymmetry modeling in FTP model 2 can be done by assigning users to DL or UL flows in accordance with the DL and UL flow probabilities 
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Figure 3. DL-UL traffic generation for FTP Model 2

2.1.2 Full Buffer Traffic Model

The approach used for non-full buffer traffic modeling may be further extended for full buffer traffic model. In this case a dropped user may be assigned to either DL and UL flows according to corresponding DL and UL flow probabilities 
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. Note, that depending on the values of DL and UL flows probabilities the number of users assigned to DL-UL flows may be insufficient. Such situations need to be avoided by prohibiting these extreme configurations or by increasing the number of dropped users.

2.2. Heterogeneous network deployment

For the LTE-TDD evaluation in heterogeneous network scenarios it may be useful to specify different values of DL-UL traffic asymmetry indicators among low power nodes in one macro-cell as well as between low power and macro nodes. For example, it may be interesting to analyze the impact of using asynchronous TDD configurations for neighboring low power nodes of the same macro-cell on the system performance.

The procedure described for the homogeneous scenarios case can be used to assign DL-UL traffic asymmetry indicators to different types of serving stations inside one macro-cell area (e.g. Macro-eNB, Pico-eNB, Femto-eNB). In other words each type of serving station is treated as an independent cell characterized by its own DL-UL traffic asymmetry indicator.

For illustration consider an example of heterogeneous network which consists of two Macro-cells and two Pico-cells in each Macro-cell (Figure 4). In this example all Macro-eNB stations are assumed to have same DL-UL traffic asymmetry indicator 
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, and Pico-eNB stations are randomly divided into two groups – 
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 with probability 50% and 
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Figure 4. Traffic asymmetry model for Heterogeneous deployment

3. Conclusion

In this contribution a simple approach for modeling DL-UL traffic asymmetry is proposed. This approach can be applied for evaluation of potential enhancements to LTE-TDD systems by means of interference mitigation and traffic adaptation techniques. The suggested methodology is based on the usage of DL-UL traffic asymmetry indicators applied to the existing set of FTP traffic models [3]. The specific set of traffic asymmetry modeling parameters should be further discussed and agreed by RAN1 group for system level evaluation in the context of the LTE-TDD SI. The preliminary set of parameters for DL-UL traffic asymmetry modeling proposed for LTE-TDD system evaluation is summarized in [6].
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