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1 Introduction

Based on TR36.828 of “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (LTE TDD eIMTA)”, four kinds of signaling mechanisms were identified for further investigation in Rel-12. Some other schemes, such as signaling via PBCH, etc., were also submitted for consideration.
In this contribution, we will analyze these schemes focusing on their functions and possible constraints, and then come up with our proposals.
2 Discussion on signaling mechanism
Before we start discussing each mechanism, the relevant prerequisites should first be clarified:
· The first aspect is the time scale of TDD UL-DL reconfiguration. Extensive evaluations in [1] show that shorter time scale brings higher performance gain. Until now, the time scale for reconfiguration in eIMTA has not been determined. Note that the available signaling mechanisms might be constrained by different time scale configurations.

· Another issue to be considered is standardization impact and backward compatibility. Although it is preferred to adopt the schemes with less specification impacts, we have to ensure the effectiveness and efficiency of the new mechanism.
2.1 System information
In this solution, the reconfiguration is performed through the system information change procedures. In current specification, TDD UL-DL configuration is indicated in system information block type 1 (SIB1) and could be changed according to modification period of SIB1.
The obvious advantages of this method are that all UEs including legacy ones can enjoy the benefits of TDD UL-DL reconfiguration for dynamic traffic adaptation.
However, the drawbacks of this method are also not negligible:
· Performance: According to current specification, the minimum timescale for UL-DL reconfiguration of this method is 640ms. Such a semi-static updating period would limit the attainable gain of traffic adaptation, as demonstrated by the simulation results in [2], where it was shown that the 640ms UL-DL reconfiguration timescale can provide only moderate performance gain at cell centre or even lead to performance degradation at cell edge.
· Ambiguity: Another disadvantage of this method is the potential ambiguity occurring during the transient state, which originates from the time difference between eNB reconfiguration and UE reconfiguration. In this ambiguity state, eNB cannot receive signals from UE in some uplink subframes and/or UE cannot receive from eNB in some downlink subframes in a normal manner. This would have negative impacts on throughput, HARQ timing, RRM/RLM measurement, etc.
· Time scale: The adaptation time scale would be constrained by the period of system information signaling.

Based on above analysis, the mechanism of pure system information signaling is not sufficient to provide full support to eIMTA reconfiguration, which may require a more dynamic mechanism. Note that however, the system information has to be updated, even if the reconfiguration is triggered by another mechanism.
Proposal 1: System information mechanism should not be considered in eIMTA scenarios where shorter time scale is a critical requirement.

2.2 RRC and MAC CE signaling
The mechanism of RRC and MAC CE signaling is essentially different from that of system information signaling, since the former is a UE specific method.  From the time-scale point of view, RRC signaling is in the order of 200ms, while MAC CE is in an order of a few tens of ms. Obviously, MAC CE signaling is more competent than RRC for dynamic tracking the fluctuating traffic loads. Another difference is RRC signaling conveyed in PDSCH usually has additional error protection mechanism, e.g. ARQ. Furthermore, both signaling types share the problem of ambiguity. Compared to RRC signaling, the relatively higher vulnerability to transmission errors renders MAC CE signaling a worse situation with respect to the ambiguity problem.

Base on above analysis, we suggest:

Proposal 2: RRC and MAC CE signaling can be considered in eIMTA, but with some constraints. RRC signaling can be used if the time scale of eIMTA is longer than RRC signal ling’s ability. MAC CE signaling should be considered to enhance its error protection when used in eIMTA. 

For the ambiguity problem, one possible solution is that eNB exploits those fixed downlink and uplink subframes during eIMTA operations. More specifically, no matter which TDD configuration is chosen, there are several fixed subframes with unchanged transmission directions, such as subframe #0, #1, #2 and #5. After a certain period, such as a duration governed by a predefined timer, the information of new configuration becomes available in both eNB and UE sides, and hence the normal eIMTA operation can be invoked. The detailed timer design needs further investigation.

Proposal 3: To solve the ambiguity problem, eNB and UE may keep communication in those subframes with fixed transmission direction. And a timer can be configured by eNB to make sure UE can successfully receive and configure the new TDD configuration before the timer expires.
2.3 PBCH
As discussed in [2], PBCH reserved bits can be used to convey the TDD configuration information. As specified in current standard, PBCH has a 40 ms period. From the perspective of traffic adaption performance, it seems more suitable for eIMTA than the above SIB-1 and RRC/MAC signaling based methods. Nonetheless, there is also some obvious constraints for its application, which is the standardization impact. In current LTE/LTE-A releases, UEs detect PBCH/MIB only when needed, for example for initial cell search or configured by high layers. If we use PBCH to convey the TDD configuration information, it requires UEs to continuously monitor and decode PBCH/MIB. This would cause severe power consumption problem and may become unacceptable for eIMTA UEs. To solve this problem, one possible compromise is to use dedicated indication, such as physical layer signaling, to trigger eIMTA UEs to decode the PBCH and then get the updated TDD configuration.
Proposal 4: PBCH reserved bits can be used to convey TDD configuration information. To avoid UE to continuously decode PBCH, physical layer indication can be used to trigger UE for PBCH decoding.

2.4 Physical layer signaling
Physical layer signaling is the most flexible mechanism to indicate the TDD UL/DL configuration. It can support adaption time scale in radio frame and even subframe level. This method eliminates the ambiguity problem. UE can instantly get the configuration information. However, note that there is no requirement to adjust the TDD configuration at the subframe level. Further, until now there is no requirement to import any new UL/DL configuration other than the existing 7 configurations currently supported. Thus, dynamically changing a subframe transmission direction does not make more sense at least at this stage.

Proposal 5: Physical layer signaling should be considered for eIMTA.

3 Conclusion

In this contribution, we discussed some schemes to configure TDD UL/DL configuration for eIMTA. Our proposals are summarized as below:

Proposal 1: System information mechanism should not be considered in eIMTA scenarios where shorter time scale is a critical requirement.

Proposal 2: RRC and MAC CE signaling can be considered in eIMTA, but with some constraints. RRC signaling can be used if the time scale of eIMTA is longer than RRC signal ling’s ability. MAC CE signaling should be considered to enhance its error protection when used in eIMTA. 

Proposal 3: To solve the ambiguity problem, eNB and UE may keep communication in those subframes with fixed transmission direction. And a timer can be configured by eNB to make sure UE can successfully receive and configure the new TDD configuration before the timer expires.
Proposal 4: PBCH reserved bits can be used to convey TDD configuration information. To avoid UE to continuously decode PBCH, physical layer indication can be used to trigger UE for PBCH decoding.

Proposal 5: Physical layer signaling should be considered for eIMTA.
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