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Discussion
1
Introduction

R8 LTE TDD provides asymmetric DL/UL resource allocation by using 7 different frame configurations. These TDD UL-DL frame configurations are semi-statically configured and result in 40% to 90% of subframes being allocated to the DL which may not best correspond to instantaneous UL/DL traffic conditions. As a result, the ability of the LTE TDD network to dynamically change the TDD UL-DL frame configuration according to actual traffic conditions can significantly improve the resource efficiency and the overall system throughput. In LTE, such dynamic reconfiguration capability has been investigated under the name of Enhance Interference Management and Traffic Adaption, i.e., eIMTA.
The results and findings from the R11 SI eIMTA [1] are summarized in TR38.828 [2] where significant performance improvements were shown by applying dynamic TDD UL/DL reconfiguration. In Dec 2012 RANP#58, the R12 WI eIMTA was agreed with following objectives [3]:
…to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:

· Agree on the deployment scenarios for TDD UL-DL reconfigurations

· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

· Agree on the supported time scale together with the necessary signalling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signalling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signalling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.
This WI should consider the work on other Rel-12 WIs specifically the small cell scenarios and requirements that may be defined.
In [4], different signalling aspects in support of dynamic TDD UL-DL frame reconfiguration were discussed and compared and it was proposed to further investigate solutions for the dynamic TDD traffic adaption based on physical layer signalling. In this contribution, we discuss the potential solutions of such physical layer signalling and further explore the overall operation of TDD systems with fast UL-DL reconfiguration.

2
Discussion
The main assumption in R11 and prior releases is that the TDD UL/DL configuration of an LTE TDD system rarely changes and therefore, minimum to almost no optimization was made in support for such a rare transition event from one TDD UL/DL frame configuration to another one. As a result, for a proper implementation of dynamic TDD UL-DL reconfiguration, different aspects of the TDD operation must be examined and possibly be optimized to support this feature. Two of these aspects are a) how to inform the UEs of the dynamic change in the UL/DL subframe ratio, and b) how to preserve backward compatibility for legacy UEs. In [4], different signalling aspects in support of dynamic TDD UL-DL frame reconfiguration were discussed and compared and it was proposed to further investigate solutions for the dynamic TDD traffic adaption based on physical layer signalling. Continuing on that proposal, in this contribution we further examine possible L1-based solutions and also provide operation detail of such solutions which can preserve backward compatibility as well.
Overall Operation
Using L1-based signalling, the TDD UL/DL configuration or the transmission direction of a subframe can be explicitly and/or implicitly indicated by physical channel/signal and/or eNB scheduler. This method provides an adaption time scale of order of 10ms (more of a theoretical bound rather than a practical one), which is better than other signalling mechanisms. Note that just the assumption of having L1-based signalling is not enough to design a system; instead a complete solution has to be developed in which the L1-based signalling can be a part of it. In the following, such complete solution is discussed.
Since the legacy UEs are not able to receive and interpret the new L1 signalling, it is reasonable to assume that the L1-based signalling is only intended and visible to R12 UEs. As a result, the legacy UEs are not able to change their TDD UL-DL configuration or operation using the new L1 signalling. A solution to both support legacy UEs and at the same time support dynamic reconfiguration of R12 UEs is to have two TDD UL-DL configurations in the system; one for legacy UEs (which can be the same as cell-specific TDD UL-DL configuration signalled through legacy tools, e.g., SIB1) and one for R12 UEs (which can be used for at least some procedures of R12 UEs). In the rest of this contribution, the latter configuration is referred to as UE-specific TDD UL-DL configuration. 
· The legacy UEs follow cell-specific TDD UL-DL configuration (signalled via legacy tools, e.g., SIB1) and R12 UEs receive UE-specific UL-DL configuration which they follow for some operations (not all).

Following this arrangement, the next challenge is to determine the eNB behaviour in a subframe when it is indicated as a DL (or UL) in cell-specific configuration and as an UL (or DL) in UE-specific. As described in the work item, it is required to keep the backward compatibility which can be translated into the fact that the legacy UEs expect to see reference signals in every DL subframe. This means that once a subframe is indicated as a DL subframe in cell-specific TDD UL-DL configuration, the eNB has to consider it as a DL subframe and cannot receive any UL data. In other words, an R12 UE cannot transmit in a subframe which is indicated as a DL subframe in cell-specific TDD UL-DL configuration. 

· A subframe indicated as DL subframe in cell-specific TDD UL-DL configuration is always treated as DL subframe by eNB.

However, in terms of supporting legacy UEs there is no problem for subframes which are considered as UL subframes in cell-specific TDD UL-DL configuration and as a result, the eNB can statically or dynamically use these subframes to transmit DL data to R12 UEs.
· A subframe indicated as an UL subframe in cell-specific TDD UL-DL configuration may be treated by the eNB as a DL subframe to carry information for R12 UEs.

If the cell-specific TDD UL-DL configuration is chosen from the UL-heavier configurations (i.e., having more UL subframes than DL subframes), then depending on the DL traffic of R12 UEs the eNB (via scheduling) can dynamically assign and reuse those cell-specific UL subframes, which are indicated as DL subframes in UE-specific TDD UL-DL configuration, to transfer DL data to R12 UEs. In other words, the R12 UE may receive DL information according to the UE-specific TDD UL-DL configuration.
· R12 UEs follow the cell-specific TDD UL-DL configuration for DL data reception and processing.

Note that the above discussion implies that cell-specific TDD UL-DL configuration is UL-heavier compared to that of UE-specific TDD UL-DL configuration. This observation motivates a design where R12 UEs follow the cell-specific TDD UL-DL configuration for UL transmission. By doing so, depending on the UL traffic of R12 UEs the eNB (via scheduling) can assign different number of UL subframes to R12 UEs. 
· R12 UEs follow the UE-specific TDD UL-DL configuration for UL data transmission and processing.

In this design the R12 UEs have access to UL subframes of the cell-specific TDD UL-DL configuration and the same time have access to DL subframes of the UE-specific TDD UL-DL configuration. Therefore, by choosing an UL-heavier configuration for cell-specific configuration and choosing a DL-heavier configuration for UE-specific configuration, the R12 UEs can be assigned dynamically different ratios of UL/DL subframes even without changing the actual cell-specific nor UE-specific TDD UL-DL configurations. Obviously, if need be the cell-specific and UE-specific TDD UL-DL configuration can be changed as well.
Considering the above discussion we recommend

Proposal: further investigate the following L1-based overall eIMTA operation

· 
The legacy UEs follow cell-specific TDD UL-DL configuration (signalled via legacy tools, e.g., SIB1) and R12 UEs receive UE-specific UL-DL configuration which they follow for some operations (not all).
· A subframe indicated as DL subframe in cell-specific TDD UL-DL configuration is always treated as DL subframe by eNB.

· A subframe indicated as an UL subframe in cell-specific TDD UL-DL configuration may be treated by the eNB as a DL subframe to carry information for R12 UEs.

· R12 UEs follow the cell-specific TDD UL-DL configuration for DL data reception and processing.

· R12 UEs follow the UE-specific TDD UL-DL configuration for UL data transmission and processing.

One example of above the proposal is as follows;
· Cell-specific TDD UL-DL configuration is configured with an UL-heavy TDD UL-DL configuration and UE-specific TDD UL-DL configuration is configured with a DL-heavy configuration, where both can be changed if need be.
· A legacy UE always uses cell-specific TDD UL-DL configuration for all of its procedures and operations.

· An R12 UE always monitors DL subframes, indicated in the UE-specific TDD UL-DL configuration (i.e., DL heavy frame configuration), for a possible PDSCH grant. As a result, the number of DL subframes used for the R12 UE is flexible and under the control of the eNB scheduler and it is only bounded by the number of subframes available in the DL-heavy frame configuration. 
· The eNB does not expect (or schedule) any UL data from an R12 UE in a subframe that is indicated as a DL subframe in cell-specific TDD UL-DL configuration. As a result, DL subframes for legacy UEs are always DL subframes and the backward compatibility is preserved.
· An R12 UE will always monitor its DL subframe based on legacy UE’s TDD UL/DL configuration (i.e. UL heavier configuration) for a possible PUSCH grant, therefore, the number of UL subframes used for R12 UEs is under control by the eNB scheduler and it is only bounded by the number of UL subframes available in UL-heavy frame configurations.
3.
Conclusions and Recommendations

In this contribution, we discussed the overall operation of eIMTA and presented a solution using L1-based signalling to dynamic TDD UL-DL frame reconfiguration and traffic adaption. We showed that the proposed solution provides a fully flexible UL/DL resource availability to R12 UEs even without dynamically changing the actual TDD UL-DL configuration and at the same time provides backward compatibility. Based on this solution we recommend:

Proposal: further investigate the following L1-based overall eIMTA operation

· 
The legacy UEs follow cell-specific TDD UL-DL configuration (signalled via legacy tools, e.g., SIB1) and R12 UEs receive UE-specific UL-DL configuration which they follow for some operations (not all).
· A subframe indicated as DL subframe in cell-specific TDD UL-DL configuration is always treated as DL subframe by eNB.

· A subframe indicated as an UL subframe in cell-specific TDD UL-DL configuration may be treated by the eNB as a DL subframe to carry information for R12 UEs.

· R12 UEs follow the cell-specific TDD UL-DL configuration for DL data reception and processing.

· R12 UEs follow the UE-specific TDD UL-DL configuration for UL data transmission and processing.
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