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Discussion
1
Introduction

In RAN#51, an LTE Release 11 study item on TDD DL-UL interference management and traffic adaptation was approved in [1]. Objectives of the study item include:

“For the isolated cell scenario, i.e. without co-channel interference:
· 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.

· RAN4 should perform coexistence analysis with multiple operator deployments in adjacent channels.

For the multi-cell scenario, i.e. with co-channel interference:

· 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.

· 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.
· RAN4 should perform co-existence analysis for the above identified scenarios, including co-channel and adjacent channel interference, where adjacent channel interference may be from other operator(s).

· For all the studies above, deployment scenarios should include regular homogeneous macro deployments and layered heterogeneous deployments.

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 the first stage RAN1 should thus evaluate the benefits of DL-UL reconfiguration upon changing traffic conditions. In this contribution we provide some views on the most relevant use cases and scenarios to be targeted with such studies, as well as discuss other motivations for allowing different DL-UL configurations in different cells.
2
Motivations for different DL-UL configurations
Traditionally, tight time synchronization and aligned DL-UL switching point between the cells has been assumed for LTE TDD due to UE-UE and eNB-eNB interference issues that arise in case the DL-UL configurations are not the same. However, in some scenarios there may be some benefits of relaxing this assumption. Three main motivations for relaxing the assumption could be listed as:

· Allowing different DL-UL configurations on different carriers on the same frequency band, e.g. when deployed by different operators.
· Allowing different DL-UL configurations in different cells on the same carrier, for example due to different traffic characteristics or due to not having the possibility to set the DL-UL configuration in all cells throughout the network (uncoordinated femto deployments).
· Enabling more dynamic reconfiguration of the DL-UL configuration due to fluctuating traffic between DL and UL, i.e. to take full advantage of TDD potential and to increase overall spectrum efficiency.
One additional motivation for having different DL-UL configurations in different cells is energy saving during low activity, e.g. during night time. This is achieved by reconfiguring a cell with an UL-heavy DL-UL configuration and blanking at least some of the UL subframes. The same UL blanking could be used also for inter-cell interference coordination purposes. However, as long as the additional UL subframes are blanked, these two scenarios imply no additional interference. And since the system information change procedure can already be used to reconfigure the DL-UL configuration in slow time scale, it is not clear what needs to be studied related to these use cases.
In the following we discuss scenarios in which the above use cases would seem to be most relevant.
2.1
Homogeneous macro networks
Considering adaptation of DL-UL configuration to traffic conditions, in homogeneous macro networks a large number of UEs may be connected to the network within the coverage area of one cell. While the traffic between DL and UL for one UE may be fluctuating, it is expected that the overall traffic within the cell would average to some rather stable division between downlink traffic and uplink traffic. The DL-UL configuration can be set accordingly. From this perspective there is not expected to be any benefit of being able to dynamically change the DL-UL configuration in homogeneous macro scenarios. Also due to similar averaging impacts, in this scenario it can be expected that having the same DL-UL configuration in all cells on the same carrier would provide reasonable overall performance.

Hence the main motivation for the studies related to homogeneous macro networks would be allowing different DL-UL configurations on different carriers of the same frequency band. However this can be expected to be very problematic due to strong eNB-eNB interference, as already hinted by studies conducted in [2]
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[3]. Nevertheless, additional studies on adjacent channel interference impacts could be needed (by RAN4). 

Observations:
-
Main motivation for TDD DL-UL interference management in homogeneous macro networks is allowing different DL-UL configurations on different carriers of the same frequency band, i.e. adjacent channel interference management.
-
There does not seem to be any strong motivation to study adaptation of DL-UL configuration according to traffic conditions in homogeneous macro networks.

- 
Homogeneous macro networks should have lowest priority in the RAN1 studies.

2.2
Heterogeneous networks with macro and low power nodes
In small cells and especially in femto cells with potentially only a very small number of connected UEs, the overall traffic between DL and UL could be fluctuating significantly. Hence there could be a performance benefit from being able to quickly adapt the DL-UL configuration according to the experienced traffic pattern. This obviously again generates UE-UE and eNB-eNB interference, however the impact can be expected to be slightly smaller than in homogeneous macro networks as especially indoor femtos may be slightly better isolated than macro base stations. However in heterogeneous co-channel deployments of macro and low power nodes the eNB-eNB and UE-UE interference between the different layers could still turn out to be problematic. 
Furthermore, it could be beneficial to be able to set also only semi-statically different DL-UL configurations in macro and femto/pico simply due to possibly different traffic distribution between DL and UL. Hence the scenario of having different fixed DL-UL configurations in macro and femto/pico is of interest as well.
Thus the scenario of having different and possibly varying DL-UL configuration in femto cells (possibly pico) and macro cells in heterogeneous networks should be one scenario to be considered and studied. From coexistence perspective this corresponds then to the case of having potentially different DL-UL configurations in macro and femto/pico cells, either on the same or adjacent channel.

Observations:

· The potential of DL-UL reconfiguration based on traffic conditions is highest for small cells.

· Macro cells and small cells may have different traffic characteristics and therefore having different DL-UL configurations may be beneficial.

· Studies for heterogeneous networks should include all aspects, i.e. adapting the DL-UL configuration to traffic conditions, co-channel and adjacent channel interference aspects (RAN4) as well as interference management.
2.3
Femto / small cell deployments
As discussed above, in small cell deployments the possibly very small number of UEs per cell may mean that the overall traffic between DL and UL within the cell may be fluctuating rapidly. In this case fast adaptation of the DL-UL configuration might bring performance benefits due to better utilization of the radio resources.

Since the eNBs may be expected to be rather well isolated from each other, the DL-UL interference problem could be smaller than in other scenarios. If there are no macro cells deployed on the same carrier, there is also no interference problem between layers. From this perspective small cell deployments seem to be the most promising scenario for further studies on fast DL-UL re-configuration. It is noted that also different fixed DL-UL configurations in different cells in this scenario seems relevant.

Observations:
· Small cell deployments, e.g. femto deployments may be the most relevant scenario for dynamic adaptation of DL-UL configuration.

· Small cell deployments should have highest priority in the RAN1 studies.
3
Conclusions

In this contribution we have provided our views on the main use cases and most relevant scenarios for TDD DL-UL interference management and traffic adaptation studies. According to the study item description [1], RAN1 focus in the first phase should be on evaluating the benefits of DL-UL reconfiguration based on traffic conditions. For this, the most interesting scenarios seem to be:
· Small cell deployments with femto cells only within one carrier

· Heterogeneous networks with co-channel deployment of macro cells and femto/pico cells

In contrast homogeneous macro networks seem less interesting in this context. However it is noted that it is expected that RAN4 would provide the analysis on co-channel and adjacent channel interference impacts, including also homogeneous macro networks since even in that scenario it would be beneficial to be able to allow different DL-UL configurations on adjacent carriers.
In the companion contribution [4] we provide our views on more detailed simulation assumptions for the studies.
References

[1] RP-110450, “New study item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation”, CATT, Ericsson, ST-Ericsson.
[2] R4-113569, “Interference study with deterministic analysis for LTE TDD eIMTA”, CATT
[3] R4-113570, “Interference study with system simulation for LTE TDD eIMTA”, CATT

[4] R1-112321, “Discussion on simulation assumptions for TDD DL-UL interference management and traffic adaptation evaluations”, Renesas Mobile Europe Ltd.

