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1 Introduction
At the RAN#58 plenary meeting, the work item [1] “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” has been approved and included into the agenda of the RAN1#72 meeting. Several technical topics have been proposed for technical discussion. In this contribution, we share our views on signalling mechanisms required to enable dynamic TDD UL-DL reconfiguration. The signalling for DL-UL interference management is outside of this contribution scope, since DL-UL interference mitigation is not decided yet and in general these two types of signalling may be separately discussed.

2 Discussion on UL-DL Reconfiguration Mechanism
2.1 Design Requirements
The main aspect that should be discussed to define the requirements for the signalling mechanism is the traffic adaptation time scale. During the SI phase different methods to support three time scales for TDD UL-DL reconfiguration were identified [2], [3]. These methods include indication through system information signalling (e.g. SIB) for slow adaptation (~640 ms), indication through higher layer signalling (RRC/MAC) for medium-speed adaptation (~200 ms), and indication through physical layer signalling for fast adaptation (~10 ms). According to the study item conclusions, the fast traffic adaptation in order of 10 ms provides maximum packet throughput performance gains for low and medium system loadings [2]. The performance gains get smaller for slower adaptation timescales and are almost diminished for 640 ms timescale. In addition, from the scheduling decision perspective the ability to change the amount of allocated DL and UL resources is more advantageous. These observations motivate us to focus on the design of the UL-DL reconfiguration mechanism which would enable fast traffic adaptation.

Proposal 1:
Enable fast traffic adaptation capabilities to extract maximum performance benefits from dynamic allocation of UL and DL resources in LTE-TDD networks.

In our view, the practical design of the fast dynamic UL-DL reconfiguration mechanism should take into account the following considerations:

· No or minimal impact on legacy UEs;

· Dynamic UL-DL reconfiguration is configurable by the network;

· Minimize specification impact (e.g. HARQ timing operation principles);

· Target low implementation complexity.

2.2 Compatibility Constraints
The support of legacy Rel. 8-11 UEs in TDD network with dynamic UL-DL reconfiguration capabilities imposes certain constraints on the available UL-DL reconfiguration design options. Dynamic UL-DL reconfiguration may change the transmission direction of certain flexible subframes on the frame level basis (see Annex for more details). However, the legacy UEs (LTE Rel. 8-11) cannot be informed about this change and will keep following the semi-statically configured TDD UL-DL configuration broadcasted in the SIB 1. In addition, legacy UEs will not be able to operate with any new UL-DL configuration that is not currently defined in specification.
From the legacy UE perspective, the change of subframe transmission direction from UL to DL should not cause technical issues and may be allowed. At the same time the change of transmission direction from DL to UL is more problematic. The legacy UEs expect the transmission of cell-specific reference signals in all normal DL subframes strictly in accordance with SIB1 TDD UL-DL configuration. So in this situation, the legacy UEs may experience issues with measurements if subframe type changes from DL to UL. At the same time prohibiting DL change to UL may not impose significant restrictions in terms of traffic adaptation since: 1) it is still possible to semi-statically select UL-DL configurations with large number of UL subframes which well fits the situation when the traffic is UL dominant and 2) the majority of flexible subframes in UL favored UL-DL configurations are of UL type and thus it is possible to dynamically convert them to DL subframes, if the instantaneous traffic is DL dominant. So in our view further discussion is needed to decide on whether to allow change of DL subframe to UL from the legacy UEs perspective.
Proposal 2:
Consider to adopt the following design assumptions:

· Flexible subframes semi-statically configured for legacy UEs as UL subframes can be dynamically changed to DL;
· Whether subframes semi-statically configured for legacy UEs as DL can be dynamically changed to UL is FFS.
2.3 Signalling for Activation of Dynamic UL-DL Reconfiguration

The dynamic UL-DL reconfiguration is discussed in application to low power nodes (e.g. Femto, Pico and RRHs) and as was concluded in the study item [2], the main performance benefits are expected for low and medium system loadings when the traffic is asymmetric over time and/or cell domains. In addition, there is no need to do reconfiguration for UEs, with low data rate traffic which is composed from small packets, e.g. VoIP, etc., that does not introduce asymmetry. So as shown by these examples, there is no need to activate dynamic UL-DL reconfiguration capabilities for all Rel.12 UEs associated to the network/cell and thus the UE specific activation of dynamic UL-DL reconfiguration can be recommended.

The activation/de-activation of the of dynamic UL-DL reconfiguration capabilities may be done in a semi-static way and thus higher layer signalling can be recommended to activate dynamic UL-DL reconfiguration for Rel.12 UE.

Proposal 3:
Consider to use UE-specific higher layer signalling for activation/deactivation of dynamic UL-DL adaptation for Rel.12 and beyond UEs.

2.4 Signalling for Dynamic UL-DL Reconfiguration

To enable fast traffic adaptation by dynamic UL-DL reconfiguration the physical layer signalling may be used. The Rel.12 UE may perform PDCCH/EPDCCH monitoring in a set of configured DL subframes. The transmission direction of DL flexible subframes may be dynamically changed to UL using scheduling mechanisms (e.g. if UE has received the DCI with UL grant or explicit signalling to change the subframe type in the preceding DL subframes). In opposite case this subframe may be assumed as DL subframe. Using this mechanism for Rel.12 UEs the subframes may be dynamically allocated to have either DL or UL transmission directions.
Proposal 4:
Adopt the principle that DL flexible subframes may be changed to UL subframes by dynamic scheduling mechanisms for Rel.12 UEs.
2.5 HARQ Timing Considerations
The HARQ timing is a critical component of the LTE system operation. For legacy UEs both DL and UL HARQ timelines are predetermined once the UE has acquired its semi-static TDD UL-DL configuration broadcasted in SIB1. To support dynamic UL-DL reconfiguration, specification changes to modify HARQ operation of Rel.12 UEs with activated dynamic UL-DL reconfiguration capability are required. The HARQ timing modification may require substantial specification efforts and thus solutions that reuse existing HARQ timelines are preferable.
Proposal 5: Focus on designs that reuse existing HARQ timing mechanisms.  
3 Conclusions
In this contribution we have reviewed several aspects on adaptation time scale and proposed signalling mechanisms to enable fast adaptation to instantaneous traffic conditions. To enable this feature we have following proposals:
Proposal 1:

Enable fast traffic adaptation capabilities to extract maximum performance benefits from dynamic allocation of UL and DL resources in LTE-TDD networks.
Proposal 2:
Consider to adopt the following design assumptions:

· Flexible subframes semi-statically configured for legacy UEs as UL subframes can be dynamically changed to DL;

· Whether subframes semi-statically configured for legacy UEs as DL can be dynamically changed to UL is FFS.

Proposal 3:
Consider to use UE-specific higher layer signalling for activation/deactivation of dynamic UL-DL adaptation for Rel.12 and beyond UEs.
Proposal 4:

Adopt the principle that DL flexible subframes may be changed to UL subframes by dynamic scheduling mechanisms for Rel.12 UEs.
Proposal 5:
Focus on designs that reuse existing HARQ timing mechanisms.
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Annex – TDD Flexible Subframes
In LTE TDD systems with dynamic UL-DL configuration adjustments the subframes may be classified in accordance with the possibility to change the transmission directions (see Figure 1):

· Regular DL subframes (subframes #0, 1, 5, 6);

· Regular UL subframes (subframe #2);

· Flexible subframes that can be configured as either DL or UL (subframes #3, 4, 7, 8, 9).
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Figure 1. Flexible subframes in legacy set of UL-DL configurations.
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