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7
Methods to support different time scales for TDD UL-DL reconfiguration
Depending on the required adaptation time scale, different methods can be considered for TDD UL-DL reconfiguration. Independent of the signaling method, the non-coordinated change of transmission direction among neighboring cells may cause DL-UL interference in some subframes. Interference mitigation techniques as discussed in Section 8 can be utilized to avoid the negative impact of DL-UL interference on system performance.
7.1 
Method 1 – System information signaling
7.1.1
Description
This method supports TDD UL-DL reconfiguration by system information (SI) change as in Rel-8, where the TDD UL-DL configuration is indicated by SIB. Two approaches can be considered. One is the Rel-8 system information change procedure and the other is reusing the Rel-10 ETWS (Earthquake and Tsunami Warning System) notification procedure. 

With the Rel-8 system information change procedure, the supported time scale for TDD UL-DL reconfiguration is every 640ms or larger. It is noted that legacy UEs can enjoy the benefits of TDD UL-DL reconfiguration based on traffic adaptation, since the method to adapt the TDD UL-DL configuration is backward compatible. This method always affects all UEs connected to the cell, even those that do not have data to transmit or receive.
With reusing the Rel-10 ETWS notification procedure, the supported time scale for TDD UL-DL reconfiguration is every 320ms or larger depending on the configured default paging cycle. The ETWS notification is indicated by a paging message, but is updated regardless of the modification period unlike the Rel-8 system information change procedure. It is noted that legacy UEs cannot know the change of TDD UL-DL reconfiguration, since the notification procedure is transparent to legacy UE.
With this method, ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE correctly decodes the updated SI, eNB may apply scheduling restriction during this uncertain period, in order to properly maintain the communications between the eNB and the UE. Further study is required to assess its impact on performance. Possible enhancements can be specified to resolve the ambiguity. Note that such enhancements are not applicable to legacy UEs.
Given that PDSCH/PUSCH HARQ timeline in TDD is determined by the TDD UL-DL configuration, TDD UL-DL reconfiguration would impact the PDSCH/PUSCH HARQ during reconfiguration. Possible enhancements on HARQ timing can be specified to handle HARQ processes properly for TDD UL-DL reconfiguration. 
The TDD UL-DL reconfiguration based on SIB modification may require eNB to transmit paging notification more frequently than in a typical Rel-8/9/10 system, and meanwhile may require UE to monitor paging more frequently. Possible enhancements can be specified to reduce the paging overheads due to TDD UL-DL reconfiguration based on traffic adaptation.  
7.1.2
Specification impact
Rel-8 system information change procedure has no specification impact to enable TDD UL-DL reconfiguration by system information change, as it is already supported by Rel-8. Reusing the Rel-10 ETWS notification procedure has some specification impacts to enable the notification of TDD UL-DL reconfiguration, which is transparent to legacy UEs. For both approaches, new specification work may be required for enhancement(s) to resolve the ambiguity on the TDD UL-DL configuration between eNB and UE, to handle the HARQ timing properly when UL-DL configuration is changed, and to reduce paging overheads.
7.2 
Method 2 – RRC signaling
7.2.1
Description
This method supports TDD UL-DL reconfiguration by RRC signaling. The corresponding time scale supported by this method depends on how fast the reconfiguration can be performed. Typical time scale intended by this method is on the order of 200ms. This method requires one reconfiguration message per RRC connected user, unless a broadcast or a multicast approach is specified. 
This method provides better traffic adaptation capability than Method 1, given the support of smaller time scale for TDD UL-DL reconfiguration. Method 2 is not applicable for the legacy UEs. Furthermore, if the higher layer signaled TDD UL-DL configuration is different from that signaled in SIB1, it may not be possible to schedule legacy UEs in all subframes since the legacy UEs’ PDSCH/PUSCH HARQ timeline follows the TDD UL-DL configuration in SIB1. This may degrade the throughput of legacy UEs.  In addition, if a specific subframe is a DL subframe according to the SIB1 indicated TDD UL-DL configuration, but is an UL subframe according to higher layer signaled TDD UL-DL configuration, legacy UEs will still assume presence of reference signals e.g. CRS in such subframes. This will for instance impact legacy UEs’ RRM and RLM measurements. Schemes to handle these issues and guarantee backwards compatibility should be considered.
Ambiguity exists between eNB and UE on the TDD UL-DL configuration, if the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration. Further study is required to assess its impact on performance. Possible enhancements can be specified to resolve the ambiguity.
Similar to method 1, TDD UL-DL reconfiguration would impact the PDSCH/PUSCH HARQ during reconfiguration. Possible enhancements on HARQ timing can be specified to handle HARQ processes properly for TDD UL-DL reconfiguration. 

7.2.2
Specification impact

New specification work is required to introduce the higher layer signaling for TDD UL-DL configuration. Additional specification may be required for enhancement(s) to resolve the ambiguity on the TDD UL-DL configuration between eNB and UE, and to handle the HARQ timing properly when UL-DL configuration is changed. 
7.3 
Method 3 – MAC Control Element Signaling
7.3.1
Description
This method supports TDD UL-DL reconfiguration by MAC Control Element (CE) signaling in the MAC header, with time scale of adaptation on the order of a few tens of ms.
Method 3 provides the better traffic adaptation capability than Methods 1 and 2, given the support of smaller time scale for TDD UL-DL reconfiguration. Method 3 is not applicable to legacy UEs. In case both legacy UEs and UEs supporting Method 3 are to be served on the same serving cell, the impacts on legacy UEs due to Method 3 are similar to those of Method 2 as discussed in section 7.2.1.
Ambiguity exists between eNB and UE on the TDD UL-DL configuration, if the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration, especially considering MAC CE signaling does not have its own error recovery process and the HARQ-ACK corresponding to the PDSCH containing the MAC CE signaling may be received incorrectly. Further study is required to assess its impact on performance. Possible enhancements can be specified to resolve the ambiguity.
Similar to method 1, TDD UL-DL reconfiguration would impact the PDSCH/PUSCH HARQ during reconfiguration. Possible enhancements on HARQ timing can be specified to handle HARQ processes properly for TDD UL-DL reconfiguration. 

7.3.2
Specification impact

New specification work is required to introduce the MAC CE for TDD UL-DL configuration. Additional specification may be required for enhancement(s) to resolve the ambiguity on the TDD UL-DL configuration between eNB and UE, and to handle the HARQ timing properly when UL-DL configuration is changed. 

7.4 
Method 4 – Physical layer signaling
7.4.1
Description
This method supports TDD UL-DL reconfiguration by physical layer design, with time scale of adaptation on the order of 10ms. The TDD UL-DL configuration or the transmission direction of a subframe can be explicitly indicated by physical channel or signal. Alternatively, the transmission direction of a subframe can be implicitly derived by the UE based on the eNB scheduling and configurations for UL transmissions.
Method 4 provides the best traffic adaptation capability, given the support of smaller time scale for TDD UL-DL reconfiguration than Methods 1 – 3. Method 4 is not applicable to legacy UEs. In case both legacy UEs and UEs supporting Method 4 are to be served on the same serving cell, the impacts on legacy UEs due to Method 4 are similar to those of Method 2 as discussed in section 7.2.1. 
Other aspects to consider for Method 4 include the CSI measurements and support of interference mitigation schemes. With each cell individually reconfiguring the subframe transmission direction on a radio frame basis, the dynamics of inter-cell interference due to eNB-to-eNB and/or UE-to-UE interference is expected to increase compared to Methods 1 – 3, which may make the CSI reporting less accurate. In addition, the traffic adaptation capability on the time scale of 10ms may not be fully exploited in combination with interference mitigation schemes requiring coordination among cells. In these cases, it is however up to implementation how fast the adaptation is performed. 
The PDSCH/PUSCH HARQ timeline for UEs supporting Method 4 will not always follow the TDD UL-DL configuration in SIB1, which requires specification work.
7.4.2
Specification impact

Specification work is required for the PDSCH/PUSCH HARQ timeline, as well as methods to explicitly or implicitly determine the UL-DL configuration and/or the transmission direction of a subframe. Specification work for enhancement(s) to other physical channels and physical procedures may also be needed. 
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