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1 Introduction

The work item on enhancements to interference management and traffic adaptation for LTE TDD was started up at RAN1#72. In [1]  we discuss different options for providing signaling support to enable a terminal to utilize a flexible UL/DL pattern in LTE TDD. It was concluded that fast physical layer signaling should be feasible with very low overhead providing the maximum adaptation possibility and robustness. In this contribution we provide some detaitls on an option of how such a scheme could be realized.
2 Discussion
It is clear from the technical report [2] that faster adaptation speed provides larger benefits in many scenarios. In some scenarios, for example where there is need for coordination over a relaxed back-haul fast adaptation may not provide large benefits over slower adaptation, but will never be worse, given that the signaling overhead is kept low. This contribution focus on a scheme with in principle no additional overhead and adaptation speed as low as 4 ms. 
2.1 Signaling

The proposed scheme relies on reference TDD configurations where a terminal supporting dynamic TDD being configured with two, instead of one, TDD configurations. One configuration, the uplink configuration, is then applied for uplink scheduling and one configuration, the downlink configuration, is applied for downlink scheduling. This requires that the downlink subframes of the uplink configuration is a subset of the downlink subframes in downlink configuration and vice versa. 
Proposal 1 Introduce dual TDD configuration support, with separate configurations for uplink and downlink scheduling
The direction of a specific subframe can then be in the control of the scheduler where an uplink grant means that the subframe is uplink, a downlink assignment means that the subframe is downlink and an non-scheduled subframe is unknown. Like discussed in our companion paper [3] a signal could be introduced to aid CSI estimation for unknown subframes.

Proposal 2 Indicate a transmission direction of a specific subframe implicitly by the scheduling grant/assignment.
For example we can combine configuration 0 with configuration 2, in this case we will have two subframes that will always be downlink, two special subframes, two subframes that will always be uplink and 4 subframes that can be dynamically controlled by the scheduler.  
If we instead combine configuration 0 with configuration 5 one additional subframe, subframe 7, become flexible. In this configuration the special subframe in the second half frame of configuration 0 match against a normal downlink subframe in configuration 5. An open issue is what format a downlink transmission in this subframe should apply. The most straightforward solution would be to assume this subframe as special subframe, but it would result in an additional overhead of at least 2 OFDM symbols per frame. If this is deemed to high additional signaling or rules would be needed. 
Proposal 3 If a special subframe matches with a downlink subframe in the other configuration, the UE should assume the subframe to be a special subframe.
2.2 HARQ feedback
One of the large merits by adopting dual reference configurations is that HARQ timing can be inherited from the configurations. This does not only significantly simplify specification but also make sure that sensitive HARQ feedback is only sent in subframes with a static direction within the system. This ensures that this feedback is protected from any cross link interference, relaxing the tight need for interference control. 
Proposal 4 HARQ feedback timing follow uplink reference configuration for PUSCH feedback and downlink reference configuration for PDSCH feedback.
In some combinations of reference configurations and configuration in SIB1 additional PHICH and/or PUCCH resources would be required. If optimizations in HARQ feedback resource mapping is needed is for further study. 
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Figure 2
 Example of HARQ and scheduling timing inherited from carrier aggregation, scheduling dynamically assign subframe 3 and 8 as uplink or downlink.
2.3 DRX operation

The arguments against introducing implicit signaling are the potentially increased power consumption in the terminal and the risk of UE-to-UE interference in case of false detection. The false detection in fact is not a problem is further discussed in [4]. For the terminal power consumption this is mainly related to the possibility to efficiently utilize terminal sleep. This is provided by commissioning DRX cycles to the UE. During DRX active periods all downlink subframes should be monitored, this would result in terminal power consumption on par with what would have been the case if the TDD configuration signaled in the SIB1 would have been the same as the downlink reference configuration. This is a minor increase in power that may very well be compensated with shorter active periods due to the throughput benefits of the dynamic TDD. If this is still deemed a problem, optimizations in the DRX handling could be envisioned. 
Observation 1: 
Further study on DRX optimizations could be considered by RAN2 
2.4 Transmission modes and channels
Since the dynamic subframes will not contain CRS in subframes when they are used as uplink a natural assumption is to not assume any CRS in these subframes at all. This would imply only supporting DM-RS based transmission modes and control channels, i.e. EPDCCH. EPDCCH is a natural choice since it was designed for presence detection in a way that the CRS based PDCCH was not, simplifying reuse in the UE. 
One drawback with the DM-RS based transmission modes is the lack of cross subframe channel filtering. It should however be noted that the flexible subframes follows on uplink subframes where such filtering would anyway be less efficient.  

Proposal 5 No CRS based transmissions are supported in flexible subframes.
How to enable CSI measurements is addressed in [3].  
3 Conclusion

In this contribution we show how to realize minimum delay signaling of UL/DL direction of subframes with virtually no additional overhead. Based on the objectives of the work item we have the following proposals: 
Proposal 6 Introduce dual TDD configuration support, with separate configurations for uplink and downlink scheduling
Proposal 7 Indicate a transmission direction of a specific subframe implicitly by the scheduling grant/assignment.

Proposal 8 If a switching subframe matches with a downlink subframe in the other configuration, the UE should assume the subframe to be a switching subframe.
Proposal 9 HARQ feedback timing follow uplink reference configuration for PUSCH feedback and downlink reference configuration for PDSCH feedback.

Proposal 10 No CRS based transmissions are supported in flexible subframes
We also observe that further optimizations could be considered to improve energy efficiency

Observation 1: 
Further study on DRX optimizations could be considered by RAN2 
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