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1. Introduction 
Further Enhancements to LTE TDD for UL/DL Interference Management and Traffic Adaptation work item has been approved in RAN #58 [1]. With current specification, the allowable minimum system information change periodicity is 640ms. This means that the fastest rate of UL/DL reconfiguration is at every 640ms. It has been studied that [2], for certain traffic and deployment scenarios, there is performance gain with fast adaptation. Therefore, there is a need to develop signalling methods to enable fast TDD UL/DL reconfiguration.
In this contribution, we look into some possible signalling methods to do the fast TDD UL/DL configuration change and provide the comparison of these methods.

2. Reconfiguration methods

In the current LTE specification, TDD UL/DL configuration is conveyed to UEs via the System Information Block Type1 (SIB1) message. However, to support fast UL/DL reconfiguration, other signalling methods may need to be considered as well. Usually, the lower layer based methods could support the shorter adaptation time scale.
2.1. System information based method
The TDD-Config IE is in SIB1 message. With the system information modification period limitation, the shortest system information change period can only be every 640ms. So, the current specification can support the TDD UL/DL reconfiguration at the maximum rate of every 640ms. This method works with Rel 8/9/10/11 UEs as well. No specification change is needed. However, it would cause the frequent occurrence of system information change procedure which may not be desirable. The supported reconfiguration time scale with this method is every 640ms.
Observation 1: Current SIB1 message based reconfiguration can only support the traffic adaptation time scale of 640ms. It is applicable to both new and legacy UEs.

2.2. MIB based solution

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe 0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe 0 of all other radio frames. The new tdd-config information can be applied as quickly as at the beginning of the next 40ms MIB period. There are 10 spare bits in the MIB. Three bits could be used to represent 7 TDD UL/DL configurations.
Observation 2: MIB can be modified and support the traffic adaptation time scale of 40ms. It is only applicable to new UEs.

2.3. Higher layer UE specific signalling

To minimize the standards development effort, we strive to reuse the existing message for TDD UL/DL reconfiguration. In addition to SIB1, the TDD-Config IE is also resided in RadioResourceConfigCommon IE based on current specification [3]. Therefore, the RRC connection reconfiguration procedure can be reused for the UL/DL reconfiguration purpose. The procedure could be as follows,
· If there is a TDD reconfiguration need:

· Change TDD-Config IE to represent desired configuration;

· Initiate the RRC connection reconfiguration procedure including the mobilityControlInfo to UEs in RRC_ Connected state
· Update SIB1 with the new configuration

The above procedure only applies configuration change to the connected UEs. Idle mode UEs will obtain the current configuration when they reacquire SIB1. This procedure could be triggered via a system information modification notification.
The method will reduce the reconfiguration time scale to 100-200ms. However, it also comes at the expense of adverse system capacity impact due to the large overhead of RRC connection reconfiguration procedure. The impact is aggregated if the number of UEs in the cell is large. So, for small cells where the number of UEs is small, this method shows its benefit.

Another alternative to reduce the message size is to introduce a new dedicated TDD reconfiguration procedure, which sends a message only containing TDD UL/DL configuration related information to the connected UE.
The drawback of this method is that it is difficult to maintain the same time boundary of the configuration change with this solution. One possible solution could be that eNB may be able to hold off configuration change until it receives the ACK from all UEs. This can be implemented by pre-defining the reconfiguration period which defines the common boundary of reconfiguration for all UEs. It also allows a number of retransmissions during this period.
Observation 3: Higher layer signalling method can support the traffic adaptation time scale of 100-200ms. The system capacity impact is high with higher layer UE specific signaling method. It is only applicable to new UEs.
2.4. MAC signalling based method

To increase the ability of fast adaptation further, MAC signaling based approaches can be used.  MAC signaling based solutions can support shorter time scale for TDD UL/DL reconfiguration to 20-40 milliseconds.
There are two possible implementations as follows,

1. MAC PDU based reconfiguration with a new RNTI
With this method, a new MAC PDU for TDD UL/DL reconfiguration is defined. It could be sent in a broadcast manner using a new shared RNTI that all new release UEs will search for in the common search space of PDCCH. Transport Block CRC will provide error protection. The MAC PDU would only need to be transmitted in certain subframes (either a fixed or configurable pattern known to the UEs) to minimize any additional blind decoding of PDCCHs by the UEs.
2. MAC CE based reconfiguration with a new LCID
With this method, a new logical channel ID (LCID) is required for DL-SCH to indicate the TDD UL/DL reconfiguration MAC CE subheader. Comparing to the MAC PDU based method 1, MAC CE is UE specific; it is required to send every UE in the cell individually. So it may be more applicable in the small cell scenario when the number of UEs per cell is small. Moreover, the traffic adaptation is more useful in the case of small number of UEs per cell situation.

The TDD UL/DL reconfiguration MAC CE can be multiplexed with other MAC CEs and other MAC service data units (SDU), and then be transmitted on PDSCH.  If there is no other DL data to transmit to a particular UE, then the eNB can just transmit the TDD UL/DL reconfiguration MAC CE in a stand-alone MAC PDU to that UE.

To improve the robustness, there could be a fixed, configurable or arbitrary number of HARQ retransmissions which UEs can use for combining if necessary. The eNB may be able to hold off configuration change until it receives the ACK from all UEs. This can be implemented by pre-defining the reconfiguration period which allows a number of HARQ retransmissions during this period. All UEs will be targeted to change the UL/DL configuration at the same time.
MAC based approaches are only applicable to eIMTA capable new UEs, the backward compatibility and RRM/RLM measurements issues need to be further address.

Observation 4: MAC signalling based method can support the traffic adaptation time scale of 20-40ms. It is only applicable to new UEs.
Observation 5: Pre-defined reconfiguration period can be used for coordinating the reconfiguration boundary among UEs.
2.5. Physical layer approach
The physical layer approach can provide the fastest rate of configuration change among all methods. It can support the time scale of traffic adaptation as short as 10ms.
The physical layer approach could be PDCCH based or eNB scheduling based. For PDCCH based approach, a new DCI format could be defined for TDD UL/DL configuration information. In order to reduce the decoder computation impact, it is better to use the same DCI length as DCI 0/1A, which UEs already search for. New DCI format would be differentiated based on the new RNTI value. The new DCI will be transmitted on the common search space of control region where all new eIMTA capable UE will search for it. For eNB scheduling based approach [4], given the fact that UL grant is always sent in advance, so the link direction of flexible subframes can be determined by the eNB scheduler.
As the same with MAC signalling based method, physical layer solutions are only applicable to new eIMTA capable UEs. The backward compatibility issues need further study. Moreover, due to the fast traffic adaptation, PDSCH and PUSCH HARQ timing issue need pay special attention as well.

Observation 6: Physical layer method can support the traffic adaptation time scale of 10ms. It is only applicable to new UEs.

3. Conclusions

In this contribution, we have discussed the pros and cons of different signalling methods to realize the TDD UL/DL configuration change with different time scales. We make the following observations,

Observation 1: Current SIB1 message based reconfiguration can only support the traffic adaptation time scale of 640ms. It is applicable to both new and legacy UEs.

Observation 2: MIB can be modified and support the traffic adaptation time scale of 40ms. It is only applicable to new UEs.

Observation 3: Higher layer signalling method can support the traffic adaptation time scale of 100-200ms. The system capacity impact is high with higher layer UE specific signaling method. It is only applicable to new UEs.
Observation 4: MAC signalling based method can support the traffic adaptation time scale of 20-40ms. It is only applicable to new UEs.

Observation 5: Pre-defined reconfiguration period can be used for coordinating the reconfiguration boundary among UEs.

Observation 6: Physical layer method can support the traffic adaptation time scale of 10ms. It is only applicable to new UEs.

At this stage, we can see each method has its advantages and drawbacks. The most suitable method may be different for different time scale adaptation. However, to simplify standards effort, we prefer to use one method for all time scales. Furthermore, the impact of backward compatibility issue with fast reconfiguration methods, such as, MAC and physical layer based methods, need to be further studied.
Proposal: In order to identify the best method, further study is need on backward compatibility issue with the method only applicable to new UEs.
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