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Discussion
1
Introduction

In the April 2013 RAN1#72bis meeting, signaling mechanisms to support UL-DL reconfiguration for eIMTA were discussed.
Agreement:

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· Alternative 1 below is agreed.
Note:    “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats

Alternative 1:

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 
· MAC signaling
· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
Alternative 2:

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling ( including PBCH/MIB signaling), or 
· MAC signaling
In this contribution, we discuss explicit vs. implicit signaling comparing the different aspects implied by such solutions and we provide our recommendation on the signaling mechanism to support UL-DL reconfiguration.
2
Discussion
Both explicit and implicit signalling solutions to support UL-DL reconfiguration for eIMTA share several characteristics.

Irrespective of the choice made for the eIMTA UL-DL reconfiguration mechanism, legacy TDD UE’s will always follow the SIB1 advertized frame configuration in a cell. In order to support both legacy UEs and at the same time support dynamic reconfiguration for R12 UEs, there are therefore at least two TDD UL-DL configurations in the system: one for legacy UEs (SIB1) and one or more for the R12 UEs. Independent from the choice for the R12 signalling mechanism, R12 UE’s could have one common R12 UL-DL frame configuration, or they can have different UE-specific R12 UL-DL frame configurations.
For the example where an UL-heavy R8 TDD UL-DL configuration is chosen, depending on the DL traffic of R12 UEs the eNB dynamically assigns and reuses some of those R8 UL subframes for DL traffic to R12 UE’s. Both explicit signalling and implicit assignment of those subframes can be used to de-facto operate the TDD cell either with one single common R12 UL-DL frame configuration from the perspective of all R12 UE’s in the cell, or the eNB can use individual UL-DL assignment rules that are known to one particular R12 UE, but not necessarily to other R12 UE’s.

When compared to RRC based signalling solutions, there is no big difference between explicit and signalling in terms of supported reconfiguration timeframes, i.e. both would allow for reconfiguration in the order of theoretically one frame to several frames if needed. Yet there are certain practical aspects to be considered as explained in the following sections.

Clearly, the differences between explicit and implicit signalling solutions to support eIMTA are rather linked to signalling reliability, signalling load and the design delta to support any solution when compared to R11 TDD.

2.1 
Explicit Signaling

Using explicit signaling (L1 or MAC), R12 UEs receive instructions on how to determine the UL-DL direction of subframes. Explicit signaling can either be common for all R12 UE’s or it can be UE-specific. For example, a shared DL DCI is sent to all R12 UE’s in Connected Mode in every (DL) subframe 0 of every frame. Or, UE specific DCI’s are sent to R12 UE’s. Or, a MAC CE is piggy-backed during unicast data transfer to a R12 UE on PDSCH.
Signaling reliability: The explicit signaling including the new (UE-specific) TDD UL-DL configuration and direction of conflicting subframes can be carried through L1 or MAC. However, the problem with both of these methods is that in the case of UE’s false alarm or misdetection, there is ambiguity between UE and eNB in terms of the subframe assignments. If shared DL DCI’s are used, these can be missed with a probability comparable to existing LTE DL DCI’s (1-2%). For the example of UE-specific DCI’s or MAC CE signaling, some form of feedback and acknowledgement procedure can be introduced, but it is one consequence that additional specification work is needed to introduce these mechanisms.
Time Scale: Reconfiguration in the order of every frame up to several frames can be supported.
HARQ/Scheduling: When R12 UEs receive a new UL-DL frame configuration, a solution is required to avoid interruption for ongoing HARQ re-transmissions for active HARQ processes. In the DL, this is handled through existing asynchronous HARQ. In the UL, synchronous HARQ will result in constraints to maintain previously assigned UL subframes “alive” to complete packet re-transmissions while being re-transmitted. Specification work to deal with transitions between two TDD UL-DL reconfigurations is needed.
Operational Efficiency: Mainly depends on the explicit signaling solution that is adopted. Shared DL DCI’s result in least signaling overhead, while UE-specific DCI’s likely will result in higher signaling loads.
2.2 
Implicit Signaling

Using implicit signaling, R12 UEs derive the instantaneous UL-DL direction of certain flexible subframes through eNB scheduler issued DL assignment and UL grants.

For example,
· 
Legacy UEs follow the R8 SIB1 TDD UL-DL configuration and R12 UEs receive both this cell-specific and R12 UE-specific UL-DL configuration which they follow for some operations. The cell-specific TDD UL-DL configuration is configured with an UL-heavy TDD UL-DL configuration and UE-specific TDD UL-DL configuration is configured with a DL-heavy configuration, where both can be changed if need be.

· Legacy UE’s always use the R8 SIB1 cell-specific TDD UL-DL configuration for all procedures.

· An R12 UE always monitors DL subframes, indicated in the R12 UE-specific TDD UL-DL configuration (i.e., DL heavy frame configuration) for a possible PDSCH grants. As a result, the number of DL subframes used for the R12 UE is flexible and under the control of the eNB scheduler and it is only bounded by the number of subframes available in the DL-heavy frame configuration.
· The eNB does not expect (nor schedules UL grants) UL data from a R12 UE in a subframe that is indicated as a DL subframe in cell-specific TDD UL-DL configuration. As a result, DL subframes for legacy UEs are always DL subframes and backward compatibility is preserved.

· An R12 UE will always monitor its DL subframe based on the R8 cell-specific TDD UL-DL configuration (i.e. UL heavier configuration) for a possible PUSCH grant, therefore, the number of UL subframes used for R12 UEs is under full control by the eNB scheduler and it is only bounded by the number of UL subframes available in UL-heavy frame configurations.
Note that in this solution, the dynamic traffic adaption of ratio of UL/DL subframes is achieved by the scheduler and there is no need to change the actual UE-specific TDD UL-DL configuration every time that the traffic condition changes. Similar to previous TDD releases, a scheduler-based solution is adapted for determination of the transmission direction in a subframe.

In the following some aspects of this method are briefly discussed:
Signaling reliability: DL assignment or UL grants can be missed with a probability comparable to existing LTE DL DCI’s (1-2%). It is important that DCI false-alarm or misdetection rates do not significantly impact the operation of the UE and the TDD system. For missed DL assignments there are no differences compared to R8 operation. The eNB will detect this following absence of A/N feedback and the DL transmission opportunity is lost. Explicit signaling has exactly the same error case. The worst theoretical error case is that a UE would erroneously transmit UL in a system DL subframe following erroneous detection of an UL grant that was none. Such a situation may theoretically occur already in R8 LTE. However, for such an event to occur, likelihood is < 0.0...01%, and the impact of the interference onto other UE’s would still depend on spatial distribution of UE’s, and impact is always limited to a given UL subframe only.
Time Scale: Reconfiguration in the order of every frame up to several frames can be supported.
HARQ/Scheduling: In this method, the R12 UL operation and HARQ timing for active HARQ processes are always based on cell-specific configuration and therefore, they do not change with the dynamic traffic adaptation. As a result there is no interruption of UL HARQ/scheduling processes when the ratio of UL/DL subframes changes. R12 DL operation and consequently its HARQ timing is based on UE-specific configuration. Similar to the case of explicit signaling, DL asynchronous HARQ means there is no issue in terms of handling TB re-transmissions in currently active HARQ processes.
Operational Efficiency: Unlike explicit signaling, implicit signaling exclusively relies on DL assignments and UL grants in flexible subframes which anyway need to be sent for scheduling purposes.
2.3 
Comparison of Implicit and Explicit Signaling

The following table summarizes our views on the major differences between explicit and implicit signaling methods for TDD with dynamic traffic adaptation.
	
	Implicit Signaling
	Explicit Signaling

	Mechanism to dynamically changing the ratio of UL/DL subframes
	· Scheduler-based
· No need to change the actual R8 TDD UL-DL configuration
	· Cell-specific or UE-specific signaling of R12 TDD UL-DL configuration 

	HARQ/Scheduling Operation
	· No process interruption/suspension when ratio of UL/DL subframes changes
	· Processes will be interrupted/suspended when transitioning from one configuration to another

	Signaling Reliability (Miss Detection/False Alarm)
	· System recovers the same way as that of a normal grant misdetection/false-alarm in R8
	· UE-specific L1 or MAC CE will require feedback mechanism
· Common signaling is as reliable or unreliable as existing PDCCH

	Adaptation Time Scale
	· From 1 to several frames
	· From 1 to several frames

	Signaling efficiency
	· No overhead, i.e. through DL assignments and UL grants in flexible subframes which are anyway needed for PDSCH/PUSCH
	· Somewhat higher, DCI’s or MAC CE in addition to actual DL assignment or UL grant DCI’s


It should also be considered that from the UE power consumption perspective, explicit signaling can be described as a technique for short-term DRX optimization in addition to the currently existing long- and short DRX cycles.
With implicit signaling where up to half of all available subframes in a frame can be flexibly assigned as DL or UL, a UE would monitor DL assignments and UL grants in every DL subframe, and once UL grants are received, the number of DL subframes to be monitored by that UE is correspondingly reduced. If the UE through explicit signaling like a common DL DCI announcing the frame configuration occurring in subframe 0 of every frame would know that some subframes don’t need to be monitored because assigned as UL, it would save Rx processing for those subframes.

When considered over typical transmission durations of packet calls in the order of seconds, UE power consumption due to monitoring DL subframes is mostly determined by the long (and short when configured) DRX cycles. Power saving from not decoding some DL subframes is therefore only possible during active periods, and that only for some of the up to 50% flexible subframes furthermore reduced by the number of UL subframes that the eNB has dynamically assigned to a R12 UE.
3.
Conclusions and Recommendations

In this contribution, we discuss explicit vs. implicit signaling comparing the different aspects implied by such solutions and we provide our recommendation on the signaling mechanism to support UL-DL reconfiguration.

In summary, we recommend to use implicit signalling to reconfigure TDD UL-DL configurations for eIMTA.
Proposal:
(1) Legacy UEs follow the R8 cell-specific TDD UL-DL configuration (SIB1)

(2) R12 UEs follow the R8 cell-specific TDD UL-DL configuration (SIB1) for DL data reception
(3) R12 UEs follow the UE-specific TDD UL-DL configuration for UL data transmission
(4) A DL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) is always treated as DL subframe by eNB.

(5) An UL subframe in the R8 cell-specific TDD UL-DL configuration (SIB1) can also be assigned by the eNB as a DL subframe to R12 UEs.
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