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1. Introduction

In RAN#51, a new LTE Rel-11 SI “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1] was approved. The scope of this study item is to analyze potential system benefits and technical challenges coming from utilizing different DL and UL allocation and interference management techniques for handling cell-dependent traffic asymmetry.
The amount and direction of the traffic in the network may significantly vary in space and time. In traditional synchronized LTE TDD network there is no mechanism to adapt to the traffic conditions. The TDD DL-UL configuration is fixed over the entire network that may lead to poor utilization of the DL and UL resources. At the same time additional spectral efficiency gains may be achieved if the amount of DL and UL resources offered in particular cell is adapted to the cell traffic requirements (i.e. different amount of DL and UL resources are allocated for transmission in different cells, e.g. Macro and Pico-cells).

In isolated cell scenario (without co-channel interference) the adaptive change of the amount of DL-UL resources allows optimizing the spectral efficiency by taking into account asymmetry in DL and UL traffic. In practical multi-cell LTE-TDD deployments (with co-channel interference) the asymmetry of DL and UL allocations among different TDD cells leads to simultaneous DL and UL transmission which is not a typical scenario in TDD networks. The simultaneous DL and UL transmissions in the same band or in adjacent bands in different cells produce additional types of interference between base stations eNB→eNB and user terminals UE→UE. The presence of eNB→eNB and UE→UE may impact the whole network performance. The combinations of adaptive DL-UL allocations and interference management techniques have to be analyzed to check if further enhancement of the LTE-TDD networks can be achieved under constraint of the backward compatibility with Rel-8/Rel-10 terminals.

2. Interference Environment in LTE-TDD Networks
In synchronized TDD network deployments, all cells have the same frame configuration and transmissions of downlink and uplink subframes are synchronized in time across the entire network. In this case only two types of interference are present in the network:

· Inter-cell DL transmit to DL receive interference (e.g., eNB→UE interference, when UE terminals receive interfering signals from the eNBs of neighbor cells);

· Inter-cell UL transmit to UL receive interference (e.g., UE→eNB interference, when eNBs receive interfering signals from the UEs of neighbor cells).

Those two types of interference are typical for FDD and synchronous TDD systems and their impact on the whole network performance was well studied and taken into account by RAN1.

In LTE-TDD SI the asymmetric DL-UL configurations are considered for further network enhancement. In this case neighboring cells may be configured to have simultaneous DL and UL transmissions and thus two additional interference types arise (see Figure 1):

· Inter-cell DL transmit to UL receive interference. This type of interference exists when target cell operates in uplink and neighbor interfering cell operates in downlink (e.g. eNB→eNB interference, when eNB of target cell receives interfering signals from the eNBs of neighbor cells operating in downlink);

· Inter-cell UL transmit to DL receive interference. This type of interference exists when target cell operates in downlink and neighbor interfering cell operates in uplink (e.g. UE→UE interference, when the UEs in target cell receive interfering signals from the UEs of neighbor cell).

These interference types should be separately analyzed. Impact of this interference on system performance should be studied for different deployment scenarios (homogeneous and heterogeneous network deployments).
2.1. Interference Environment in LTE-TDD Homogeneous Networks
Figure 1 illustrates example of homogeneous network deployments with different TDD configurations for Macro-eNBs. As it can be seen the number of interference types is increased in two times (Macro-eNB → Macro-eNB and Macro-UE → Macro-UE) comparing to traditional synchronous TDD networks. The following interference types are identified:

· Inter-cell DL transmit to DL receive interference: Macro-eNB→Macro-UE (MUE);

· Inter-cell UL transmit to UL receive interference: Macro-UE → Macro-eNB;

· Inter-cell DL transmit to UL receive interference: Macro-eNB → Macro-eNB;

· Inter-cell UL transmit to DL receive interference: Macro-UE → Macro-UE.
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Figure 1. Homogeneous network deployment with different DL-UL configurations
2.2. Interference Environment in LTE-TDD Heterogeneous Networks
In heterogeneous networks the number of different interference types is further increased and interference environment becomes even more complicated. Considering the heterogeneous network with Pico-eNBs or Femto-eNBs where all cells may have different TDD configurations the following 16 inter-cell interference types may be identified (see Table 1 and Figure 2):
Table 1. Interference types in heterogeneous network deployments with different DL-UL configurations
	Interference types for synchronous TDD systems

	· Inter-cell UL transmit to UL receive interference:

· Macro-UE → Macro-eNB,

· Pico-UE → Macro-eNB,

· Pico-UE → Pico-eNB,

· Macro-UE → Pico-eNB.
	· Inter-cell DL transmit to DL receive interference:

· Macro-eNB → Macro-UE,
· Macro-eNB → Pico-UE (PUE),
· Pico-eNB → Pico-UE,
· Pico-eNB → Macro-UE.

	Additional interference types in asynchronous TDD systems

	· Inter-cell UL transmit to UL receive interference:
·  Macro-UE → Macro-UE,
· Macro-UE → Pico-UE,
· Pico-UE → Macro-UE,

· Pico-UE → Pico-UE.
	· Inter-cell DL transmit to UL receive interference:

· Macro-eNB → Macro-eNB,
· Macro-eNB → Pico-eNB,
· Pico-eNB → Macro-eNB,

· Pico-eNB → Pico-eNB.


The large number of interference types in heterogeneous network deployment complicates the design of LTE-TDD system. In order to reduce the system complexity it is important to identify the main target scenarios for LTE-TDD system enhancements. In addition the technical analysis of LTE-TDD system requires adoption of new simulation assumptions, performance metrics and channel propagation characteristics between different types of radio links. For instance, the new set of channel models is required for modeling propagation characteristics between the following link types:

· Macro-eNB → Macro-eNB,
· UE → UE,
· Macro-eNB → Pico-eNB (Femto-eNB),
· Pico-eNB (Femto-eNB) → Pico-eNB (Femto-eNB).
The particular set of simulation parameters for homogeneous and heterogeneous network deployment scenarios proposed for further discussion in RAN1 group is described in [3].
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Figure 2. Heterogeneous network with different DL-UL configurations
3. Traffic Asymmetry in LTE-TDD Networks
Another important aspect for evaluation of DL and UL resource adaptation in LTE-TDD networks is traffic models with cell-dependent DL-UL asymmetry. The traffic models widely used by 3GPP for evaluation are [2]:

· Full buffer traffic model,
· VoIP traffic model,
· FTP traffic model.
From general point of view the full-buffer traffic model cannot reflect DL-UL traffic asymmetry because the buffer in such models is always full and has infinite size. The VoIP traffic models are symmetrical in DL and UL directions and thus do not introduce traffic asymmetry. On the other hand the FTP traffic model can be modified to support cell-dependent traffic asymmetry in TDD network. The simple approach for DL-UL cell-dependent traffic asymmetry modeling is described in [4] and proposed for further discussion in RAN1 group.
4. LTE-TDD Evaluation Phases
The system level evaluation of interference management and traffic adaptation techniques for further enhancements to LTE TDD systems requires specification of additional simulation assumptions. Once the main parameters and target scenarios are defined by RAN1 the detailed analysis by means of system level simulations may be conducted. We suggest that the assessment of the LTE-TDD study item should be performed according to the following phases:

1) Definition and agreement of system level simulation assumptions for LTE-TDD performance evaluation. In this phase the missing parameters for LTE-TDD evaluation should be defined and agreed by RAN1. For instance propagation channel models should be defined for taking into account interference between Macro-eNB → Macro-eNB, Macro-eNB → Pico-eNB, UE→UE. Additionally the methods for DL-UL traffic asymmetry modeling have to be defined.
2) Interference analysis of asynchronous LTE-TDD network. In this preliminary study the new types of interferences should be studied and major sources of interference should be identified. The analysis of new types of DL-UL interference (Macro-eNB → Macro-eNB, Macro-UE → Macro-UE) should be conducted and its impact on system performance should be analyzed. The interference analysis may be based on large scale propagation metrics that have to be agreed by RAN1 (e.g. DL and UL geometry SINR) and its goal should be calibration of simulation platforms and final refinement of scenarios where interference management techniques and DL-UL adaptation may help to improve network performance characteristics.

3) LTE-TDD system performance analysis. The performance analysis should be used for final evaluation of LTE-TDD simulation scenarios. The goal of this analysis is to show which performance metrics of LTE-TDD systems can be improved if different downlink-uplink allocations in combination with interference management and traffic adaptation techniques are allowed in the network. Such metrics as throughput, resource utilization should be used for the assessment of LTE-TDD system.
5. Conclusions
In this contribution the potential benefits and technical challenges related to DL-UL traffic asymmetry in LTE-TDD network were highlighted. The new interference types caused by adaptation of DL-UL resource allocation in TDD networks were discussed. It was shown that asymmetry in DL-UL allocation increases the number of interference types. The proper evaluation of the LTE-TDD interference measurements and traffic adaptation requires definition of traffic asymmetry models as well as new propagation channel characteristic (eNB→eNB and UE→UE). Further evaluation of LTE-TDD study item should include definition of missing system level simulation parameters, analysis of new interference types, and final system level evaluation of LTE-TDD performance metrics for defined scenarios.
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