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1 Introduction

The study item on enhancements to interference mitigation and traffic adaptation for LTE TDD was agreed in [1] targeting for RAN1 to for both isolated and multi-cell deployments: 

· RAN1 should evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions.
· Identify the proper simulation assumptions, including traffic models.

· Assess the appropriate time scale for uplink-downlink re-configuration.

· Assess the benefits at least in terms of performance and energy saving.

For multi-cell deployments 

· RAN1 and RAN4 should identify the multi-cell scenarios for which TDD DL-UL interference may arise and additional TDD DL-UL interference mitigation would be beneficial. 

· Deployments comprising the same or different uplink-downlink configurations should be investigated. 
For both isolated cell scenario and multi-cell scenario:

· If significant benefits are identified by RAN1 evaluations, RAN1 should identify potential air interface solutions, including necessary EUTRAN/UE measurements, to mitigate DL-UL interference, taking into account the RAN4 co-existence analysis.

· Backward compatibility of Rel-8/9/10 terminals should be maintained.

· Specification impact should be identified and assessed.

In this document we conclude on the questions asked by the study item and proposals for further investigations.
2 Discussion
The RAN1 study item has identified 3 main scenarios to study agreed in [2], [3], [4].

For the isolated cell scenario defined in [2] we provided results in [5]. The results showed large user bitrate gains for low to medium load. Significant performance benefits with dynamic millisecond based adaptation was shown over slower adaptation, but also adaptation on time scales in the order off 200 ms and even 640 ms showed large benefits over non-adaptive configurations. It is observed that the adaptation time-scale is dependent on packet size where faster adaptation show large benefits for smaller file sizes while similar performance between dynamic adaptation and 200 ms reconfiguration is seen for larger file sizes. 

Observation 1 For an isolated cell significant user throughput benefits can be seen for all studied time-scales of traffic adaptation for low to medium load

Observation 2 Faster adaptation shows significant benefit over slower adaptation

For the multi-cell scenario defined in [3], we provide simulation results in [6]. From these results we can see that also in this scenario there are definite benefits from traffic adaptation. The scenario is such that for a larger fraction of cells, around half, the isolation is very good, and the other half very bad, but only to a limited number of cells. This means that for this scenario traffic adaptation will provide benefits similar to the isolated cell in low load but for higher loads some degradation in gains should be seen. This is also what we see in [6]. 

Observation 3 In some pico only deployments significant user throughput gains can be seen from UL/DL adaptation

For the second multi-cell scenario defined in [4], we provide results in [7]. This scenario consists of both macro cells and outdoor pico cells. The applied channel model and assumptions result in very high cross-layer base station to base station interference. In this type of scenario dynamic adaptation is expected to provide limited user throughput gains. There are still energy efficiency gains from reducing the amount of CRS transmission similar to applying a heavy MBSFN configuration. It can in this scenario be seen that some inter-node coordination or interference control is beneficial, especially to protect the uplink performance. It is not clear if new EUTRAN/UE measurements or signaling is needed for interference mitigation. 

Observation 4 Sufficient isolation, provided by deployment or frequency separation, is needed to show user throughput gains with traffic adaptation of the UL/DL configuration

Observation 5 It can not be concluded if new EUTRAN/UE measurements or signaling is needed for interference mitigation.
In [8] we provide a brief overview of the standardization impact of different realizations and time-scales of UL/DL adaptation. It is identified that some standardization effort is needed to improve the adaptation speed and/overhead compared to what is supported with system information updates introduced in Rel8. It is also concluded that at least for some realizations of UL/DL adaptation backwards compatibility can be maintained. 

Observation 6 Traffic adaptation based on dynamic L1 control or higher layer reconfiguration can be realized with some standardization effort

Observation 7 Backwards compatibility can be maintained also with improved UL/DL reconfiguration
3 Conclusion

As a conclusion we propose to capture the following observations in the TR. 

Observation 1
For an isolated cell significant user throughput benefits can be seen for all studied time-scales of traffic adaptation for low to medium load
Observation 2
Faster adaptation shows significant benefit over slower adaptation
Observation 3
In some pico only deployments significant user throughput gains can be seen from UL/DL adaptation
Observation 4
Sufficient isolation, provided by deployment or frequency separation, is needed to show user throughput gains with traffic adaptation of the UL/DL configuration
Observation 5
It can not be concluded if new EUTRAN/UE measurements or signaling is needed for interference mitigation.
Observation 6
Traffic adaptation based on dynamic L1 control or higher layer reconfiguration can be realized with some standardization effort
Observation 7
Backwards compatibility can be maintained also with improved UL/DL reconfiguration
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