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1 Introduction
During the study of TDD eIMTA, RAN1 had extensively evaluated the performance of UL/DL reconfiguration based on traffic adaptation in both isolated and multiple cell scenarios. Three different times scales were evaluated in the studies, i.e. UL/DL reconfiguration per 640ms, 200ms and 10ms. With the evaluation results [1][2], following observations can be made

· Benefit has been observed compared to fixed UL/DL configuration in both scenarios when cell traffic load is not high. 
· In general faster reconfiguration time scales outperforms slower reconfiguration time scales
In this contribution we discuss the methods to support different UL/DL reconfiguration time scales and potential specification impacts.
2 Discussions
Three different UL/DL reconfiguration time scales can be achieved by three different methods, in this section we discuss them separately.
2.1 UL/DL reconfiguration by system information change
In this method the UL/DL reconfiguration is done through the currently specified system information change procedures, corresponding to UL/DL reconfiguration time scale of 640ms. 
In current specification, TDD UL/DL configuration is included in SIB1 and the system information change procedure is specified as the following:
· A system information modification period is defined and system information can only be updated at the border of this modification period. 
· eNB should page all UEs in the cell to inform the SI update in the next modification period. 
· The allowable minimum system information change periodicity is 640ms.
· It should be noted there is no limitation to the change frequency of SIB1 since the SI change value-Tag included in SIB1 only applies to SIB2~ SIBX.
The main advantage of this method is that it is fully supported since LTE Rel-8 so all UEs can enjoy the benefit of TDD traffic adaptation with this method. 
With this method, ambiguity exists between eNB and UEs on understanding the current TDD configuration in a few radio frames around the SI change border, since the eNB does not know the exact time at which a UE correctly decodes the updated SI. Since UL/DL HARQ timeline in TDD is determined by TDD configuration, eNB may have to restrict the DL and UL scheduling on those HARQ processes which share the same timeline in old and new TDD configurations. This may be more problematic for UL since HARQ is synchronized. However, if the main application scenario for TDD traffic adaptation is in small cells, since the probability of retransmission is low due to the high DL/UL geometry and the ambiguity only happens in short time duration, it might not be seen as a big problem. But if the issue should be optimized for Rel-12 UEs, an easy approach is to reuse the reference HARQ timing designs in Rel-11 TDD carrier aggregation on different bands with different UL/DL configurations, e.g. using HARQ timeline specified in TDD configuration 2 and 0 for downlink and uplink reference HARQ timing respectively [3].
The specification impact to support this method can be none if optimization for Rel-12 UEs is not applied. And specify on reference HARQ timing in RAN1 spec is needed if optimization for Rel-12 UEs is needed.
2.2 UL/DL reconfiguration by additional RRC signaling
In this method the UL/DL reconfiguration is done through additional RRC signaling, e.g. dedicated RRC signaling, corresponding to UL/DL reconfiguration time scale of 200ms. 
This method provides higher traffic adaptation capability than system information change and this additional benefit can be enjoyed by Rel-12 UEs. However, the additional benefit can be limited by the TDD configuration broadcasted in SIB1 for legacy UEs, since eNB cannot configure less DL subframes than the TDD configuration signaled in SIB1 in order to avoid RRM measurement problems for legacy UEs. One solution could be signaling TDD configuration #0 in SIB1 but this would significantly degrade the downlink throughput for legacy UEs.
Similar as method 1, ambiguity exists between eNB and UEs on understanding the current TDD configurations and HARQ operations during UL/DL reconfiguration.  It is more desirable to solve the HARQ operation issues since the reconfiguration can be done faster than in method 1. The solution can be the same as in method 1, i.e. specifying reference HARQ timing for downlink and uplink HARQ operations for Rel-12 UEs.
Since the TDD configuration signaled in the additional RRC signaling can be different from that broadcasted in SIB1, legacy UEs and Rel-12 UEs can usually have different understandings on the current TDD configuration. A main drawback due to this different understanding is degradation of performance for legacy UEs. Legacy UEs can only be scheduled in downlink subframes whose HARQ feedback is transmitted in those subframes always used as uplink, e.g. {2,7}. At the same time legacy UEs can only be scheduled in uplink subframes whose HARQ feedback is transmitted in those subframes always used as downlink, e.g. {0,1,5,6}. Checking the HARQ timing specified in current specifications only TDD configuration #1 should be broadcasted in SIB1. Looking at DL/UL HARQ processes for TDD configuration #1 in figure 1 and 2, at maximum 2 out of 7 DL HARQ processes and 2 out of 4 UL HARQ processes cannot be utilized for legacy UEs. This would result in 29% and 50% throughput loss for downlink and uplink for legacy UEs. 
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Figure 1 Downlink HARQ processes for TDD configuration #1
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Figure 2 Uplink HARQ processes for TDD configuration #1
The specification impact for this method can be

· Specify DL and UL reference HARQ timing in RAN1
· Specify additional RRC signaling for TDD configuration in RAN2
· Specify a new procedure in RAN2 to handle the different TDD configuration signaled in SIB1 and additional RRC signaling.
2.3 UL/DL reconfiguration by L1 signaling
In this method the UL/DL reconfiguration is done through L1 signaling, corresponding to UL/DL reconfiguration time scale of 10ms. Generally two alternatives can be considered for the signaling
· Alternative 1: Explicitly indicate the subframe directions per radio frame in DCI format
· Alternative 2: Implicitly determine the subframe directions, e.g. a UE always recognize a subframe as downlink unless pre-scheduled to transmit in uplink
Alternative 2 has benefit over alternative 1 from signaling overhead perspective, however UE energy consumption can be higher since UE will perform PDCCH blind decodings in subframes that eNB actually used as uplink. In addition, Alternative 2 makes CSI measurement in the dynamic subframes difficult since the UE is unaware of the transmission direction of the subframe unless it receives PDCCH or is scheduled to transmit uplink signal(s) in that subframe.
This method provides highest traffic adaptation capability that can be enjoyed by Rel-12 UEs. Similar as in method 2, the additional benefit can be limited by the TDD configuration broadcasted in SIB1 for legacy UEs, or otherwise degrade the downlink throughput for legacy UEs.

With this method there can be least ambiguity between eNB and UEs on the understanding of current TDD configuration. But since the reconfiguration is done very fast, specify on reference HARQ timing for DL and UL HARQ operation is still desirable. Due to the fast reconfiguration, the actually used TDD configuration can be different from that broadcasted in SIB1 all the time. Therefore the same extend of DL and UL throughput loss for legacy UEs is expected as in method 2.
Another problem of applying this radio frame based reconfiguration is CSI measurement on the subframes dynamically scheduled as downlink or uplink. Since the serving cell and neighbor cells can individually reconfigure the subframe directions on radio frame basis, the inter-cell interference in these dynamic subframe can be varied dramatically per radio frame, it is very hard to use the measured CSI for the scheduling of PDSCH or PUSCH in these dynamic subframes in a next radio frame.
Interference mitigation schemes has been discussed in several contributions to mitigate the cross-link interference and proved to be beneficial [4][5]. These IM schemes can be enabled by designing proper interference coordination schemes through X2 interface. However, any X2-based inter-cell interference coordination cannot match the per radio frame dynamic reconfiguration. Therefore the applicable of this dynamic reconfiguration with conjunction of interference coordination schemes can be problematic.
The specification impact for this method can be

· Specify the method to determine the subframe directions in a radio frame

· Specify DL and UL reference HARQ timing in RAN1

· Specify a solution for the CSI measurement in dynamic subframes, if there is any.
3 Conclusions
In this contribution, methods to support three different UL-DL reconfiguration time scales are discussed. Potential issues and specification impacts are analyzed. A corresponding text proposal for TR36.828 section 7 is proposed in [6].
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