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1 Introduction
In the SI phase of TDD UL-DL IMTA [1], the performance evaluation of both isolated pico cell scenario and multi-cell scenario have been discussed in the last several meetings. From the evaluations, it is evident that dynamic TDD UL-DL reconfiguration can provide performance gain compared with a fixed TDD reference configuration for isolated cell scenario [2] and multiple our-door pico cell scenario without macro-layer UL-DL inter-cell interference (ICI). The performance evaluation of multi-cell scenario with macro-layer interference is being discussed in this meeting. If this dynamic UL-DL reconfiguration were to be introduced, the specifications would have to provide notification signalling for the dynamic TDD reconfiguration. In this contribution, we discuss possible methods of signalling support for different time scales for TDD UL-DL reconfiguration. 
2 Methods of notification of TDD UL-DL reconfigurations

In current TDD LTE/LTE-A systems, the TDD configuration is delivered via SIB1. The minimum SIB1 modification period is 640 ms which may not match the instantaneous traffic variation. Moreover, employing BCH would not allow the flexibility of UE-specific configuration, which would be relevant for CoMP scenario 4. To support dynamic TDD UL-DL configuration with more sensitivity to the traffic fluctuation, shorter timescales have been shown to be of benefit in the performance evaluation. Once the eNB decides to change the TDD configuration, it needs to send out higher frequency signalling to inform UEs the re-configured TDD configuration. The follow types of signalling can be considered:

· Semi-static UE-specific higher-layer signalling
Semi-static notification of the reconfiguration may cause ambiguity during the reconfiguration period, since RRC signalling never includes an activation time. Before the successful decoding of the higher-layer signalling of a UE, eNB will adopt the newly configured TDD configuration, while the UE still could not recognize this variation in time which may affect the UE measure and HARQ operation. In addition, semi-static notification may not be sufficiently fast to match the instantaneous traffic situation, leading to inefficient resource utilization.

· MAC control element
Signalling the change of configuration via a MAC control element could be faster than RRC signalling, and could, even after HARQ retransmissions, more closely match the dynamic changes in traffic patterns (e.g. of the order of 50ms). However, MAC control elements still do not currently include activation time and would have some timing ambiguity associated with the reconfiguration. 

· Dynamic physical-layer signalling ((e)PDCCH)
Notification of TDD reconfiguration via physical-layer signalling has the merits of enabling the support of faster traffic adaptation and no reconfiguration ambiguity problem. The straightforward thinking of dynamic notification is via explicit notification, such as designing of a new DCI format. However, any new DCI format design will result in higher blind decoding efforts and larger DL overhead. Also, it does not seem necessary to use subframe-level signalling to signal a reconfiguration which does not make sense to be faster than once every 10ms. Another possibly physical layer mechanism would be to signal the dynamic UL-DL reconfiguration by means of modified signalling on the PBCH. For example, one or more of the resserved bits in the MIB could be used to indicate whether dynamic configuration is triggered for Rel-11 TDD UEs. For Rel-8/9/10 UEs, this bit would is ignored for backward compatibility. However, the PBCH has a TTI of 40ms, and the UEs may not always monitor it for changes, so this mechanism may not be any faster or more reliable than using a MAC CE.   

From the above alternatives, the MAC control element signalling seems probably the most suitable way to indicate a dynamic UL-DL reconfiguration. Since a new MAC control element would have to be designed, one possibility to resolve the timing ambiguity by including a CFN activation time in the new MAC CE. However, it is worth considering whether such an activation time would really be necessary:
If there was a mismatch between the configuration used by the eNB and that assumed by the UE, two possible error cases could occur:

1. Subframes which are handled as DL subframes by the eNB, but are thought to be UL subframes by the UE. In this case, any PDSCH packets will have to be retransmitted. Similarly, UL grants sent on the PDCCH would have to be resent. Both cases could be quickly detected by the eNB. The UE might perform UL transmissions in these subframes, though these transmissions would be limited to PUCCH and non-adaptive PUSCH retransmissions; this would cause some temporary interference, to other UEs, but this could also be managed by the eNB by careful allocation of DL assignments (e.g. avoiding PRBs that might be erroneously used by UEs that had not implemented the reconfiguration for a short while). 

2. Subframes which are handled as UL subframes by the eNB, but are thought to be DL subframes by the UE. The eNB could send UL grants for such subframes, which might be ignored by the UE, or might help the UE to realise that a reconfiguration had occurred. The eNB would not send any PDCCH or PDSCH transmissions in these subframes, but this would not cause any problem other than some wasted resources. The UE would not make any UL transmissions in these subframes. 
In both cases, it can be seen that there are no catastrophic problems arising from a small timing difference in implementing the UL-DL reconfiguration between the UE and eNB. Therefore it might not be necessary to include a timestamp in the MAC CE. 
3 Summary 
In this contribution, we have briefly discussed the possible methods on support of notification of TDD UL-DL reconfiguration, namely RRC signalling, MAC Control Elements, and physical layer signalling (PDCCH or PBCH). 
Out of the considered possibilities, a MAC CE seems probably the most promising solution to indicate a reconfiguration. The use of a timestamp / activation time in the MAC CE could be considered, but it appears that there would not be any catastrophic effects of not including a timestamp. 
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