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Discussion 
1. Introduction

Rel-12 Work item, Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (LTE_TDD_eIMTA), has been approved in RAN#58 meeting [1]. 
During the study item phase, dynamic TDD UL-DL reconfiguration based on traffic adaptation in small cells has revealed significant performance benefits by dynamically selecting the most appropriate TDD UL-DL configuration to match the traffic fluctuation in uplink and downlink.

Therefore, in the work item phase, the objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s)
In this contribution, the corresponding signalling mechanisms for the indication of dynamic TDD UL/DL reconfiguration are analyzed based on findings of [2], in order to determine the best solution.

2. Method to support TDD UL-DL configuration indication
Depending on the required adaptation time scale, different signalling methods to indicate a TDD UL-DL configuration change can be considered for TDD UL-DL reconfiguration. The signalling methods considered in [2] are SIB signalling, RRC signalling, MAC signalling and physical layer signalling. 
2.1 SIB signalling
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. With the Rel-8 system information change procedure, the supported time scale for TDD UL-DL reconfiguration is every 640ms or larger. 
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 SIB. eNB may apply scheduling restriction during this uncertainty period, in order to properly maintain the communications between the eNB and the UE. Possible enhancements resolving the ambiguity would allow scheduling during the period of uncertainty. These enhancements may include also HARQ and scheduling timing optimization in order to handle HARQ processes properly during the uncertainty period. 
2.2 RRC signalling

The time scale supported by RRC signalling 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 would be specified. 

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. eNB may apply scheduling restriction during the uncertainty period, in order to properly maintain the communications between the eNB and the UE. Possible enhancement relates to resolving the ambiguity e.g. by means of exact activation timing for TDD UL-DL reconfiguration adoption contained in the RRC signalling  and optimizing HARQ and scheduling timing to handle HARQ processes properly during the uncertainty period. 
2.3 MAC signalling

This method supports TDD UL-DL reconfiguration by MAC Control Element (CE) signalling in the MAC header, with time scale of adaptation on the order of a few tens of ms. MAC signalling method can provide better performance gain than SIB signalling and RRC signalling methods by supporting smaller time scale for TDD UL-DL reconfiguration. As shown in [3], the performance with 40ms reconfiguration time scale is similar in UL and DL as 10ms time scale. There are several possible solutions with MAC  signalling for the UL/DL configuration indication. One solution is to design new FlexTDD-RNTI and new MAC signalling for TDD UL/DL configuration indication. With this method, eNB needs to inform eIMTA-capable UE with the cell- specific “FlexTDD-RNTI”, namely, one PDCCH with CRC scrambled by this “FlexTDD-RNTI” needs to be transmitted in the downlink subframes with fixed subframe index, i.e., Subframe 0, in order to decrease the UE blind detection. This will be decoded by all eIMTA-capable UEs. The corresponding PDSCH carries the MAC signalling to indicate the TDD UL/DL configuration to be used in the subsequent radio frame(s). Another solution is to reuse existing RNTI and introducing new MAC CE. By this method, TDD UL/DL re-configuration indication can be signalled to individual UE in a dedicated fashion. However, more PRBs will be occupied to indicate UL/DL configuration if all UEs need to be informed with the new UL/DL configuration. 
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 follows the updated TDD UL-DL configuration during reconfiguration. In order to avoid this ambiguity problem, activation time can be included in the signalling to indicate the exact timing when the UE should apply the updated TDD UL–DL configuration. Then the misunderstanding between eNB and UE on the exact timing for UL-DL reconfiguration can be avoided.

In order to improve the reliability of MAC signalling solutions for TDD UL/DL configuration indication, ACK/NACK feedback mechanism may be needed for confirmation of signalling indication. For example, after UE decode the PDCCH, de-scramble with this FlexTDD-RNTI, UE obtain the UL/DL configuration in MAC CE associated with the corresponding PDSCH in the same DL subframe and feedback ACK/NACK to eNB for confirmation. UE without feedback or with NACK shall not be scheduled in flexible subframes. One potential issue with ACK/NACK confirmation is how to allocate ACK/NACK resources in the case when cell-specific “FlexTDD-RNTI” is applied.
2.4 Physical layer signalling
UL-DL configuration based on physical layer signalling can provide the fastest adaptation to the traffic, i.e., with a switching scale of 10 ms. In that way, eNB can dynamically change the TDD UL-DL configuration in each radio frame. Physical layer configuration indication can be divided into implicit and explicit signalling methods.
The implicit indication approach is an eNB-scheduling based approach. Namely, in case of a scheduled PUSCH or PUCCH transmission, UE considers that the subframe is used for UL transmission; otherwise, UE has to assume that the subframe is used for DL transmission and will try to detect the PDCCH. The benefit of this approach is that there is no need to define additional signalling for indicating instantaneous UL-DL configuration. In the case of implicit signalling it makes sense to perform RRM measurements at the UE side using only fixed DL subframes. This will ensure that RRM measurements don’t suffer from dynamic UL allocations on flexible subframes. From HARQ/scheduling timing point of view when using reference configuration approach there is no specific reason for indicating UL-DL configuration explicitly [4]. 
The explicit indication approach can be based on a specific DCI scrambled with new RNTI. The actual indication of TDD UL/DL configuration can be included in the payload of the DCI format. The main problems of this approach are (1) additional overhead compared to implicit signalling and (2) sensitivity to signalling errors in the case some UEs don’t receive the signalling correctly. Explicit UL/DL configuration can be indicated either in a cell-specific or UE-specific way depending on the concrete signalling design. For cell-specific way, a new DCI format may be needed and transmitted in common search space whereas for UE-specific way, additional bits can be included in UL and DL grants. Additionally, DL broadcasting channel, like PCFICH, could be also considered as TDD UL/DL configuration indication with the re-interpretation of CFI values.
2.5 Summary 
Above four signalling mechanisms have its own-specific pros and cons. Also as shown in [5], there is comparison from signalling reliability, control delay and security aspects among the PDCCH, MAC and RRC signalling control. Based on Rel.11 study on TDD-eIMTA, from the performance point of view, the RRC signalling and SIB signalling show the less performance gain in UL and DL, comparing with physical layer and MAC signalling methods, because of the longer time scale for reconfiguration.
Summary of the difference among PDCCH, MAC and RRC control [5]
	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
 No ciphering
	No integrity protection
No ciphering
	Integrity protection Ciphering


When comparing MAC approach with explicit physical layer signalling (PDCCH), MAC provides better reliability due to support of HARQ. On the other hand, consequences of the signalling errors are less severe with implicit PHY signalling when compared to MAC or common DCI approaches: with implicit signalling, single error case (false alarm or missed detection) relates to only a single subframe (and single UE) whereas with MAC or common DCI approaches the time span of the error case can be multiple subframes or even radio frames. In addition to the signalling reliability there are also considerable differences in signalling delay, which has direct impact on the performance gain achievable. From system performance point of view, physical layer signalling provides the best packet throughput gain since it can support all reconfiguration periodicities (also 10 ms). However, when considering the interference mitigation, interference coordination among neighboring cells might require a slightly longer reconfiguration time scale, in which case the performance advantage of physical layer over MAC signalling would reduce to some extent. Based on above analysis, we have the following proposal: 

Proposal: Focus on (implicit/explicit) physical layer signalling and MAC signalling in further studies
3. Conclusion

In this contribution, we analyzed the signaling mechanisms for the indication of dynamic TDD UL/DL reconfiguration. In general, different signalling approaches have their own pros and cons w.r.t. reliability, overhead, error cases, scheduler restrictions etc. Furthermore, different signalling solutions within a certain signalling approach (e.g. PHY-based signalling) may also have different characteristics, which should be taken into account in the final selection. 
Based on the analysis above, we make the following proposal:
Proposal: Focus on (implicit/explicit) physical layer signalling and MAC signalling in further studies
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