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1 Introduction
This document discusses the signalling mechanisms for TDD UL-DL reconfiguration. 
2 Discussion 
The eIMTA study item realized four methods which support different time scale of TDD reconfiguration, 

· Method 1: System Information Signalling (640ms)
· Method 2: RRC Signalling (200ms)
· Method 3: MAC Control Element Signalling (few tens of ms) 1
· Method 4: Physical Layer Signalling  (10ms)
As described in [1], RAN1 needs to conclude the supported time scale. Since the requirement of signalling are different for each of the four methods, to analyze the four methods of standardization impact is important. 

Method 1 needs less spec modification and has potentially worst performance due to the slowest adaptation capability of traffic variation. Method 4 may be the optimal scheme in terms of performance because it could adapt the traffic variation even if the traffic varies very quickly. Issues on such scheme are how reliable L1 signalling is realized and how fast cross-cell interference coordination schemes are realized. In [2] the evaluation results have proved this point. Furthermore in small cell scenario, sparse deployment of small cells is an important scenario in our view [3] so dynamic TDD applied in this scenario is supposed to show better performance due to less impact by fast change of neighbour cell interference. 
Method 2 and 3 could be regarded as a compromise between method 1 and method 4 from performance and signalling impact point of view. But in certain scenarios, a time scale of 200 ms is even better than a time scale of 10 ms (e.g. in co-channel multi-cell macro-pico scenario without inteference mitigition [2]). From the signalling error recovery mechanism perspective, the scheme without ACK/NACK is less protected compared with the method with ACK/NACK in peer protocol layer. Method 2 would have acknowledgement in RRC level. Method 3 would not have it if explicit ACK/NACK is not defined. Method 4 with multicast signalling would not have it but method 4 with unicast would have it. The reliability of ACK also affects this. All options may suffer from the reconfiguration uncertainty period by internal processing or signalling method and it needs to be defined how long these periods are.   
We see further discussion is necessary for all schemes. Method 2 needs some modification of RRC signalling like shorter period of uncertainty period, which may also apply to Methods 1 and 3. Method 4 needs more discussions on L1 specification. In the following sections we would like to discuss some topics of the specification modification with more focus on method 4. 
1) Dynamic TDD indication
This is only required for method 4. The straightforward way to indicate dynamic TDD configuration is to utilize DCI. There are several discussion points. 
Whether DCI is transmitted in USS or CSS?

PDCCH in CSS is kind of cell-specific solution and from overhead point of view it is better. Group specific signalling is also based on CSS. But on the other hand, UE-specific DCI is also interesting because the application of dynamic TDD is more flexible and could be used for different users or group of users, but its attractivity highly depends on the number of UEs that are reconfigured. Such operation is useful especially for CoMP scenario 4 type deployment because each TP/RP could be reconfigured instead of the whole cell. A USS based scheme would be rather easily extendable to have ACK for the dynamic configuration, while a CSS based scheme has no straightforward acknowledgement mechanism.
DCI format to indicate UL-DL configurations

Currently there are 7 UL-DL configurations so 3 bits are enough to indicate the applicable one. One way is to define a separate DCI used for the signalling. This is especially attractive for a CSS based scheme. The other is to carry UL-DL configuration over existing dedicated DCI, which is scrambled by C-RNTI or SPS C-RNTI. This is more attractive for a USS based scheme. As the separate DCI scheme one way is to use DCI fomat 1C. Since DCI 1C is usually the smallest it is better to re-use some fields of DCI 1C, for example, resource allocation bits, MCS bits. Another is to define a new DCI format 1E, where only dynamic TDD related information is signalled.
What RNTI is to be used? 
One way is to define a TDD configuration related RNTI. The allocated RNTI could be cell common or group common. Another method is to use a common RNTI like SI-RNTI. SI-RNTI is used for decoding SIB related DCI. eNB could re-use this RNTI for other purposes in subframes which do not transmit SIB information due to the configured SI periodicities. This behaviour is beneficial on not increasing the number of blind decoding from false detection probability perspective. In case USS is used as dedicated configuration, C-RNTI (or SPS C-RNTI) would be naturally used.
2) HARQ continuation 
If time scale is longer like method 1, there is no strong need to have HARQ continuation. Just only to reset HARQ process after the reconfiguration is acceptable. On the other hand, if time scale is shorter like method 4, HARQ continuation is essential function. 
Downlink HARQ continuation has smaller problems than uplink HARQ continuation because DL HARQ is non-synchronized. The HARQ process ID is indicated in DCI. But uplink has more difficult due to synchronized HARQ protocol. Some schemes to synchronize HARQ process ID after UL-DL ratio reconfiguration are necessary. 
3) Other L1 issues (e.g., RRM/RLM measurement, CSI reporting, backward compatibility)

Legacy UEs or UE without eIMTA capability needs to be supported in a cell. Different UL-DL configuration between SIB1 for non-eIMTA capable UE and new signaling for eIMTA capable UE could degrade non-eIMTA capable UE performance due to potentially wrong RRM/RLM measurement and CSI reporting/calculation. Using UL subframe for non-eIMTA capable UE as dynamic reconfiguration subframe  is one way to solve backward compatibility issue, similar as the conclusion in TDD CA working item. The demerit is the flexibility is limited since only few DL subframes are available for non-eIMTA capable UEs.  
Dynamic TDD UE does not have the backward compatibility issue but RRM/RLM measurement and CSI reporting needs to be analyzed carefully.
3 Conclusion
In this document we discussed different methods to support different time scale of TDD configurations. We discussed dynamic signaling based methods for detailed studies. Particularly for a dynamic signaling based approach, we propose to consider following options

· DCI to indicate dynamic TDD could be transmitted in USS or CSS
· Re-using 3 bits in DCI 1C to indicate 7 configurations 
· Designing new DCI 1E
· Defining TDD-specific RNTI

· Reusing existing RNTI but limited in certain time window
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