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1. Introduction

The TDD UL-DL configuration adaptation time scale is one of the main parameters that determine the user packet throughput gains that can be achieved in LTE TDD heterogeneous networks. There are three adaptation time scales 10ms, 200ms and 640ms that are actively studied in the framework of LTE-TDD  eIMTA SI [1] and can be interpreted as fast, medium-speed and slow adaptation modes. The proper selection of the traffic adaptation time scale depends on multiple factors such as:

· Performance gain;
· Application scenarios;
· Impact on system and specification;

· Implementation complexity.

In this contribution we review several signaling methods to support different time scales for dynamic traffic adaptation and provide analysis in terms of performance benefits and impact on LTE system and specification.
2. Methods to Support Different Time Scales for UL-DL Configurations
The first question that RAN1 WG needs to answer is whether several adaptation time scales for UL-DL reconfiguration need to be supported. If we look into this question from the performance perspective the fast adaptation provides the maximum performance gains. The packet throughput performance is reduced with the increase of the adaptation time scale as it was shown in our companion contribution [2] and was also indicated in [3]-[4]. The reason for such behavior is that with fast adaptation the system can quickly react to the incoming traffic and adjust the amount of the required DL and UL resources in order to maximize certain performance metric (e.g. DL or UL packet throughput, resource utilization, energy savings, etc.). In addition, the fast adaptation is more generic and does not preclude medium-speed or slow adaptation while for instance the slow adaptation time scales prevents potential benefits that can be extracted from the medium-speed or fast adaptation modes.
Observation 1: Fast adaptation time scale provides maximum performance gains and does not preclude implementations with medium-speed and slow adaptation time scales.

Another important aspect associated with the adaptation time scale is the appropriate control signaling method for informing UEs about dynamic changes in DL/UL subframe patterns of the LTE frame. The signaling methods [5] to support different adaptation time scales can be divided into three groups:

1) Indication through system information signaling (e.g. SIB) – slow adaptation mode;

2) Indication through higher layer signaling (RRC/MAC) – medium-speed adaptation mode;

3) Indication through physical layer signaling – fast adaptation mode.

The decision on the selection of the appropriate indication method is tightly coupled with the choice of the traffic adaptation time scale. In other words depending on the selected method the slow, medium-speed or fast traffic adaptation can be supported in LTE systems.
Observation 2: The method for UL-DL reconfiguration control signaling affects the minimum adaptation time scale that can be supported by the LTE system.
2.1. System Information Messaging
The minimum adaptation time scale that can be supported through system information messaging (SI transmission) is constrained by the minimum modification period of system information update procedure. The system information itself is not assumed to be changed frequently. In fact the SI messaging was designed to inform users about semi-static configuration of system parameters and was initially developed mainly for Macro cell environments. According to the specification the minimum timescale for changing UL-DL configuration is equal to 640ms [6]. From the packet throughput performance perspective the 640ms adaptation time scale is associated with the slow traffic adaptation capabilities and thus relatively small performance gains can be expected [2].
In current system design the information about system configuration is transmitted in system information block 1 (SIB1). From the legacy UE perspective the reuse of this field for the sake of dynamic traffic adaptation will cause frequent system information update procedure which is not recommended. In addition the change TDD configuration by means of SIB will stop all uncompleted HARQ processes that may cause some performance loss. The other drawback of SI signaling is that it affects all UEs (in idle and connected mode) even those that do have any benefits from traffic adaptation while the dynamic traffic adaptation itself may be required only to serve one or several users that have substantial amount of data to transmit in one of the transmission directions.
Another approach is to define a new SIB may to enable dynamic TDD UL-DL configuration signaling. However, using this approach may even further increase the signaling latency and thus the adaptation time scale. 

2.2. Higher Layer Signaling

Using higher layer signaling it is possible to reduce the adaptation time scale comparing to the method based on system information update and thus achieve better packet throughput performance. The exact value of the minimum time scale depends on whether RRC or MAC layer signaling are used to inform UEs about dynamic change of the UL-DL frame pattern. 
In case of RRC signaling, the re-configuration boundary is not exactly defined in the specification, i.e. there is no exact activation time when the UE applies the updated RRC re-configuration information. According to [6], the RRC processing delay is defined as 15ms for RRC connection re-configuration. The RRC processing delay is the time from the end of DL RRC signaling to the moment of time when the UE shall be ready for the reception for uplink grant, which means completion of the reconfiguration. So the procedures to align reconfiguration transactions with RRC signaling are likely to be required in order to enable synchronized UL-DL reconfiguration among different UEs. 
The RRC/MAC signaling is UE-specific Therefore, if the eNB needs to indicate TDD configuration change to multiple UEs, so the signaling overhead should be also taken in account.
2.3. Physical Layer Signaling
The main advantage of physical layer signaling is the capability of fast traffic adaptation. The fast traffic adaptation provides maximum packet throughput gains that can be easily achieved in small isolated cells. In case of coupled cells the fast and independent traffic adaptation may lead to DL-UL interference problem and degrade the performance of the cell where UL traffic is dominant. The level of degradation will depend on the system loading and the probability of opposite transmission direction in coupled cells. To prevent DL-UL interference problem the joint traffic adaptation can be considered, however it can put constraints on the minimum adaptation time scales due to necessity of the network coordination (e.g. backhaul latency).
3. Specification Impact
All the considered methods for dynamic UL-DL configurations have impact on system performance and specification. The main specification aspects that have to be addressed with the introduction of dynamic UL-DL configurations relate to:

· Definition of control signaling method for dynamic UL-DL reconfiguration;

· HARQ procedures (i.e. definition of HARQ mapping rules in case of UL-DL configuration change);

· Signaling for DL-UL interference mitigation techniques (e.g. measurements on eNodeB-eNodeB links, UL-DL configuration information exchange);
· UE measurement procedures.
The comparative analysis of different methods for dynamic traffic adaptation that includes tradeoff between performance aspects and impact on system and specification is summarized in Table 1.
Table 1 Comparative analysis of different signaling methods for traffic adaptation in TDD systems
	
	Signaling methods for dynamic UL-DL configurations

	
	System Information
	Higher Layer Signaling
	PHY Layer Signaling

	Min. Adaptation time scale, ms
	640
	160-200
	10

	Packet throughput gains
	Small
	Medium
	High

	Specification impact 
	No
	Yes,

RAN2: UL-DL reconfiguration signaling;

RAN1: HARQ, measurements;

RAN3: Signaling to support DL-UL interference mitigation
	Yes,

RAN1: HARQ, measurements, UL-DL reconfiguration signaling

RAN3: Signaling to support DL-UL interference mitigation

	Implementation complexity
	NA
	Low
	Solutions with small complexity should be given a higher priority

	System overhead
	High,
Reset of HARQ processes, affects all UEs
	Small,
New signaling is to be defined
	Small,

New signaling is to be defined.

	System impact
	No additional impact comparing to legacy system
	HARQ timing, UE measurement
	HARQ timing, UE measurement


4. Conclusion
In this contribution we have reviewed three methods to enable dynamic traffic adaptation in LTE TDD systems. According to our observations the method based on the system information messaging has minimal standard impact but is not attractive from the performance and system design perspective. The change of UL-DL configuration with the help of SI messaging results in slow adaptation time scale. At the same time the other methods which are based on higher layer and physical layer signaling can be considered as reasonable candidates for further study.
Proposals:
· Exclude the usage of system information messaging from further RAN1 considerations due to small performance gains and substantial impact on LTE system.
· In further studies, focus on the analysis of higher layer and physical layer signaling solutions for dynamic UL-DL configuration adaptation in LTE TDD networks.
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