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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. Since a semi-static UL-DL configuration may or may not best correspond to instantaneous UL/DL traffic conditions, some subframes in one direction, e.g., UL, are wasted whereas more subframes may be required in the other traffic direction, e.g., DL. 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.

The results and findings from the R11 SI eIMTA [1] are summarized in TR38.828 [2]. Significant performance improvements by applying dynamic TDD UL/DL reconfiguration were shown. 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 this contribution, we discuss different signalling aspects in support of dynamic TDD UL-DL frame reconfiguration. We provide our recommendation on the impacts of different signalling methods to minimize system impacts while maximising the gains that can be had from fast UL-DL frame reconfigurations.
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. One of these aspects is how to design and inform the UEs of the dynamic change in the UL/DL subframe ratio. 

One example of “dynamically changing the UL/DL subframe ratio” is changing the actual TDD UL-DL configuration, a.k.a. “TDD dynamic UL-DL reconfiguration”, which was considered in [2]. Note that one important aspect of any mechanism dynamically changing the TDD UL-DL configuration is how fast the TDD UL-DL configuration can be changed, i.e., the adaptation time scale. It was shown in [2] that faster adaptation time scale will provide higher resource usage efficiency and therefore, better overall performance. In [2], several of mechanisms were considered for dynamically change the TDD UL-DL configuration which will be discussed in the following.
Method 1 – System information Signalling
This method performs TDD UL-DL reconfiguration by using the existing mechanism in R8 to change the TDD UL/DL configuration via SIB1. This method requires minimum specification change, however, a) it suffers from a relatively large adaption time scale of 640ms or larger, which may in tern decrease the benefit of deploying dynamic TDD UL/DL traffic adaptation, and b) there is an ambiguity between eNB and the UE, since the eNB does not know exactly when the UE reads and implements the new configuration. 
Method 2 – RRC Signalling
In this method TDD UL-DL reconfiguration is supported by RRC signalling which is only visible to R12 UEs. As a result, legacy UEs and R12 UEs may have different TDD UL/DL configurations. This method provides an adaption time scale of order of 200ms, which is better than that of Method 1, however, a) it decreases the legacy UEs performance (legacy UEs are not receiving reference signals in some DL subframes [2]), b) there is an ambiguity between eNB and the UE, since the eNB does not know exactly when the UE reads the new configuration, and c) it does not fully exploit the gain of dynamic TDD adaptation due to relatively long adaptation time scale.
Method 3 – MAC Control Element Signalling
This method supports TDD UL-DL reconfiguration by MAC Control Element (CE) signalling in the MAC header which is only visible to R12 UEs. This method provides an adaption time scale of order of few tens of ms, which is better than those of Methods 1 and 2, however, similar to Method 2 a) it decreases the legacy UEs performance (legacy UEs are not receiving reference signals in some DL subframes [2]), b) there is an ambiguity between eNB and the UE, since the eNB does not know exactly when the UE reads the new configuration.
Method 4 – Physical layer Signalling
This method supports TDD UL-DL reconfiguration by physical layer signalling, which is only visible to R12 UEs. In this technique 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 those of Methods 1, 2 and 3, however, similar to Method 2 it decreases the legacy UEs performance (legacy UEs are not receiving reference signals in some DL subframes [2]).
Among the four methods discussed above, we think that Method 4 (Physical Layer Signaling) is best suited to perform the dynamic TDD traffic adaptation for the following reasons:
1) It provides best support for sufficiently short adaptation time scales (if need be) amongst all methods.
2) It is possible to design a solution based on Method 4, which can achieve the goal of the dynamic TDD traffic adaptation by changing the ratio of UL and DL subframe for the R12 UE rather than completely changing the TDD UL-DL configuration. This is particularly important since doing so avoids the difficulty of dynamically signaling the new configuration to R12 UEs, and it avoids the ambiguity between eNB and R12 UEs regarding when to start using the new configuration.

3) It is possible to design a solution based on Method 4, which does not suffer from operational inefficiency due to the transition procedures from one TDD UL/DL frame configurations to another one. In particular, such a solution has the advantage that its HARQ processes are not impacted by dynamic TDD traffic adaptation procedures.
4) Methods 1, 2 and 3 may result in degradation of legacy UE’s performance, e.g., due to the absence of expected DL reference signals in some DL subframes. It is possible to design a solution based on Method 4, which does not impact the performance of the legacy TDD UEs.

One example for a solution based on Method 4 (Physical Layer Signaling) is as follows;
· Legacy UEs are configured with an UL heavy TDD UL-DL configuration and R12 UEs are configured with a DL heavy frame configuration, where both can be changed if need be.
· A R12 UE will always monitor DL subframes based on the R12 TDD UL-DL configuration (i.e., DL heavy frame configuration) for a possible PDSCH grant, therefore, the number of DL subframes used for R12 UEs is flexible and under control by the eNB scheduler and it is only bounded by the number of subframes available in the DL heavy frame configuration. The eNB may schedule DL data for R12 UEs in a subframe that is considered UL according to the advertized legacy UE’s UL-DL frame configuration and in a subframe that is considered DL according to the R12 UE’s frame configuration. As a result, DL subframes for legacy UEs are always DL subframes. Therefore, legacy UEs will always receive reference symbols in all of their DL subframes, i.e., no performance degradation for legacy UEs.
· 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.
Based on the above discussion, our recommendation is:
Proposal
Further investigate possible solutions for the dynamic TDD traffic adaption based on signalling mechanism method 4 identified in TR 38.828, i.e., physical layer signalling.

3.
Conclusions and Recommendations

In this contribution, we discussed different mechanisms and solutions in support of signalling for dynamic TDD UL-DL frame reconfiguration and traffic adaption. In addition, we describe a solution based on Method 4 which provides the possibility for short adaptation time scales of the order of several frames, which does not impact performance for legacy TDD UEs, and which does not need complete TDD UL-DL reconfiguration signalling. We recommend:
Proposal 

Further investigate possible solutions for the dynamic TDD traffic adaption based on signalling mechanism method 4 identified in TR 38.828, i.e., physical layer signalling.
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