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1. Introduction

Several proposed signaling mechanisms to enable adaptive TDD UL/DL reconfiguration were discussed at RAN1 #72bis. It was agreed that

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· 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 methods becomes severe
Based on this agreement we study MAC and L1 signaling techniques in this contribution.
2. Signaling methods for UL/DL Reconfiguration
2.1. MAC signaling

MAC signaling is a fast and viable method of reconfiguring the TDD UL/DL configuration. As explained in [1], the reliability of common control signaling in a MAC control element (CE) can be improved by appropriate link adaptation and resource allocation. It is also possible to provide other UE-specific parameters in the MAC CE. In contrast, a dedicated MAC control element provides signaling reliability through HARQ-ACK feedback for the PDSCH containing the MAC CE. 
It should be noted that reliable detection of a MAC CE is dependent on successful detection of the scheduling PDCCH/EPDCCH. If only a few bits are needed for UL/DL reconfiguration, the latency incurred at the UE for processing a MAC PDU can be reduced by directly signaling the UL/DL reconfiguration command in a DCI payload. Therefore, for a small reconfiguration payload the only obvious advantage of MAC over L1 signaling is that no new RNTI or new DCI format is required for either common or dedicated MAC CE respectively. 
Observation: Since MAC control signaling first relies on successful detection of a PDCCH/EPDCCH, it is faster to simply transmit a change in UL/DL reconfiguration in the DCI payload if the reconfiguration command only contains a few bits. 
2.2. Explicit L1 signaling 
Common or dedicated L1 signaling by PDCCH/EPDCCH provides a fast means of reconfiguring the TDD UL/DL configuration. Either common or dedicated signaling can be used each with different pros and cons as mentioned in e.g. [1], [2]. 
Common signaling has the advantage of incurring the least control overhead (which is an issue in fully loaded cells). One mentioned disadvantage of common signaling is the absence of HARQ-ACK feedback for signaling reliability. However, we note that the reliability can be improved by transmitting more than one reconfiguration signal within a notification window. For example, if the minimum UL/DL reconfiguration time is 20ms, the same PDCCH carrying the reconfiguration command can be repeated within a 20ms window. Thus, for a PDCCH error rate of 10-2, and assuming relatively uncorrelated channels between transmissions of the reconfiguration PDCCH (e.g. once per radio frame), the overall misdetection rate drops to 10-4. Note that a related concept of a change notification window is already used for system information broadcast. Hence, the main drawback for common signaling is the specification effort including selection of a DCI format and its associated RNTI. It was mentioned in [3] that DCI format 1C can be reused since it has the smallest payload. In this case a new RNTI would be required to distinguish between scheduling of system information and signaling an UL/DL reconfiguration. 
Dedicated signaling in the PDCCH/EPDCCH provides improved signaling reliability given the HARQ-ACK feedback but at the cost of increased control overhead. On the other hand dedicated signaling allows for flexible reconfiguration of other UE-specific parameters e.g. SRS and CSI reporting parameters. An important design aspect for dedicated signaling is the question of whether to reuse an existing DCI format or specify a new DCI format. For example, a new DCI format would introduce additional blind decodes. 

Observation: considering the pros and cons of common or dedicated signaling, common signaling is slightly preferable if explicit signaling is agreed. 
2.3. Implicit Signaling 
For this method, a UE is configured with both a DL-reference and an UL-reference UL/DL configuration. The PUSCH scheduling/HARQ timeline follows the UL-reference configuration whereas PDSCH HARQ-ACK feedback follows the DL-reference configuration. The flexible subframes are the subframes for which the DL-reference and UL-reference configurations have different transmission directions. As proposed in [4], the transmission direction of a flexible subframe is determined by detection of a prior UL grant or a DL assignment. This implies that a UE configured for dynamic UL/DL reconfiguration shall monitor flexible subframes for DL assignments except subframes where a previous UL grant or PHICH has scheduled PUSCH (re)transmission or UCI is to be transmitted. 
Some limitations of implicit signaling have been described in several contributions and include:

· False UL grant: a UE may falsely detect an UL grant for a subframe which the eNB has adaptively reconfigured as a DL subframe. This causes UE-to-UE interference, where the severity of the interference depends on the proximity of the interferer to the victim UE. Some analysis was given in [5] showing that false UL grants is not a significant issue for implicit signaling. 
· PHICH ACK to NACK error: The PHICH ACK-to-NACK error rate is only 10-3 and may be a limiting factor for implicit signaling. However, we note that this error rate translates to 1 error in 1000 PUSCH transmissions. Secondly, this high error rate was designed to work for all deployments including sub-urban/rural cells and high speed scenarios. Therefore, for small cell deployments, where UL/DL reconfiguration is likely to be applied, a lower error rate is expected. 
· CSI and SRS transmissions: a more significant issue for implicit signaling is that it is unclear how to measure CSI for flexible subframes if a DL subframe is reconfigured as an UL subframe. A similar problem is seen for periodic SRS transmission, where the SRS transmission collides with PDSCH if an UL subframe is reconfigured to DL. Restricting the SRS transmissions to fixed subframes is not an effective solution since the eNB cannot measure interference in flexible subframes. As mentioned in [2] the solution is to rely on aperiodic SRS and aperiodic CSI reporting. In our view this may be an effective solution because periodic CSI reporting and periodic SRS are not anyway optimized for fast adaptation of the TDD UL/DL configuration. 
Observations:

· Periodic CSI reporting and periodic SRS are not optimized for fast adaptation of the TDD UL/DL configuration.
· Aperiodic CSI and aperiodic SRS transmissions should be used for channel/interference measurements in flexible subframes.  
3. Conclusion

In this contribution we have investigated fast signaling mechanisms to enable dynamic TDD UL/DL reconfiguration. Our conclusions are:
· Since MAC signaling first relies on successful detection of a PDCCH/EPDCCH, it is faster to simply transmit a change in UL/DL reconfiguration in the DCI payload if the reconfiguration command only contains a few bits.
· Periodic CSI reporting and periodic SRS are not optimized for fast adaptation of the TDD UL/DL configuration 

· Aperiodic CSI and aperiodic SRS transmissions should be used for channel/interference measurements in flexible subframes.  

· RAN1 should decide between common signaling in PDCCH/EPDCCH and implicit signaling

· If PHICH ACK-to-NACK errors are deemed severe, common explicit signaling is preferred. Otherwise, implicit signaling is preferable as it fulfills all the objectives required of L1 signaling with minimum additional specification.
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