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1 Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. In order to adapt to the dynamic fluctuation of UL-DL traffic while maintaining HARQ timing for DL and UL transmission, reconfiguration time interval and HARQ-timing for TDD eIMTA system should be considered. This issue has been concluded in [1] as:

· 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), e.g.

· HARQ/scheduling timeline,
· RLM/RRM measurements,
· CSI reporting;

In this effort, we try to provide some observations in terms of reconfiguration signaling and HARQ-timing of TDD eIMTA system in this contribution.
2 Reconfiguration signaling
Timescale: 

In RAN1#68, #68b and #69, isolated Pico cell, multiple Pico cell and multi-Pico cell scenario with macro layer included were evaluated respectively. In the simulation assumptions, different TDD reconfiguration intervals (10ms, 200ms and 640ms) were defined and from the simulation results and we observed that the smaller adaptation timescale can achieve higher packet throughput performance. For instance, 10ms reconfiguration time scale enables the system to quickly adapt to DL-UL traffic and allocate required DL and UL resources. In order to achieve the highest possible gain from TDD eIMTA, it is reasonable to reconfigure TDD configuration every 10ms, however, this may pose a high requirement on the TDD reconfiguration signaling, because only PHY layer signaling can provide such fast signaling and the reliability should also be enhanced in order to avoid ambiguity between eNodeB and UE. It is possible that time-scale larger than 10ms may be adopted to alleviate the requirement of reconfiguration signaling, since a small increase in reconfiguration timescale may not jeopardize the performance gain but give more room for the design of reconfiguration signaling. For instance, time scale which is larger than 10ms and with system performance almost the same as 10ms can be adopted.
Observation 1: reconfiguration time scale larger than 10ms and with packet throughput almost the same as 10ms can be adopted in order to alleviate the stringent requirement of reconfiguration signaling.
Transmission of reconfiguration signaling

· Explicit signaling of fast TDD configuration
Different signaling options such as enhanced broadcast signaling, UE specific higher layer reconfiguration and physical layer signaling are extensively discussed and analyzed in [2, 3]. Generally speaking, broadcast signaling such as using spare bit in MIB [3, 4] is not promising in terms of the slow response to fast traffic variation. UE specific higher layer reconfiguration, on the other hand, suffers from timing ambiguity associated with the TDD reconfiguration in terms of when the reconfigured signaling will be in effect. 
Indicating fast TDD configuration via physical signaling can accommodate fast traffic variation and reduce the ambiguity between eNB and UE. As stated in [5], a new DCI with the same size of DCI format 1C can be used to carry the fast TDD configuration.  And a new RNTI which is used to scramble the CRC of the DCI can be introduced for flexible-TDD. Since the number of blind decoding trial is mainly related to the size of DCI, the additional burden introduced by descrambling of CRC by using newly designed RNTI is negligible. 3 bits of Modulation and Coding Scheme can be reused to indicate the fast TDD configuration while the remaining bits in the DCI can be used to indication the fast TDD configuration of neighboring cell, or set to a predefined value for extending the length of CRC virtually.

· Implicit signaling of fast TDD configuration
The TDD configuration can be based on per subframe basis, for example, by assuming that flexible subframe is downlink unless the UE has been signaled to transmit in uplink.  In this case, as long as the UE is not triggered/ scheduled to transmit on the uplink, the UE should constantly monitor all flexible subframes, even when the flexible subframe is used as uplink subframe. This will certainly reduce the UE battery time.
What’s more, ambiguity in terms of fast TDD configuration is prone to happen since UE may mistakenly treat a UL subframe as DL subframe when it is not triggered for uplink transmission on this subframe. If reference TDD configuration is related with the adopted fast TDD configuration, then the HARQ-timing for uplink and downlink may also be wrong.
· Hybrid signaling of fast TDD configuration
In order to avoid the ambiguity between eNB and UE, a backup method should be predetermined in case flexible-TDD UE fails to detect the fast TDD configuration at the beginning of an update interval.  As an example, the implicit signaling of fast TDD configuration can be used as the backup method until the flexible-TDD succeeds in detecting the fast TDD configuration. The challenging of this method is the design of reference TDD configuration for UL and DL and PUCCH/PHICH resource assignment, since flexible-TDD UEs which succeed in detecting fast TDD configuration should not be impacted.
Observation1: Specification is needed when flexible-TDD fails to detect the fast TDD configuration
3 HARQ-ACK timing 

Extensive discussion on HARQ-ACK timing has been made for Carrier Aggregation with different UL-DL configurations introduced in Rel-11, and since the HARQ-ACK timing problem in flexible-TDD system is similar to that of Carrier Aggregation with different UL-DL configurations, it is reasonable to make the best use of the agreements for the design of flexible-TDD system in order to minimize standard effort as well as system complexity. From our point of view, the following proposals similar to those agreed for Carrier Aggregation with different UL-DL configurations in Rel.11 can be made straight forward for flexible-TDD system.
· No new TDD UL/DL configurations will be considered in this WI;
· No new HARQ-ACK timing. Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10/11;
· Independent reference TDD configurations are used for uplink and downlink HARQ-timing for flexible-TDD UE;
· Whether DL DAI  in DL DCI formats (PDSCH on serving cell c)  is applied  shall be determined based on the PDSCH HARQ timing reference configuration on serving cell c;
· Whether UL index or DAI exists in DCI format 0/4 scheduling PUSCH on serving cell c shall be determined based on the PUSCH HARQ timing reference configuration on serving cell c;
· For HARQ-ACK transmission on PUSCH without 
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, the UE shall generate the HARQ-ACK bits according to the PUCCH design;
Observation2: Parts of proposal agreed for Carrier Aggregation with different UL-DL configurations introduced in Rel-11 can be made straight forward for flexible-TDD system
Reference TDD configuration for uplink and downlink HARQ-timing in flexible-TDD has been discussion extensively in the [6, 7], there are generally three types of method in selecting the reference configuration for flexible-TDD system:
Fixed reference configuration

Similar to the case of Carrier Aggregation with different UL-DL configurations introduced in Rel-11, one UL heavy TDD configuration is chosen as the reference TDD configuration for PUSCH and Grant/PHICH timing ( e.g. TDD configuration#0), and one DL heavy TDD configuration is chosen as the reference TDD configuration for PDSCH and HARQ-ACK timing( e.g. TDD configuration#5).
This method is simple and the HARQ-timing for uplink and downlink can be maintained during reconfiguration.  However, since UL index will be present for reference configuration #0, DAI is always absence in UL grant. For HARQ-ACK transmission on PUSCH, UE shall generate the HARQ-ACK bits for all subframes according to DL reference configuration. What’s more, as only bundling is supported for TDD configuration #5 if UE doesn’t support aggregating more than one serving cell, unnecessary retransmission may be caused by bundling several ACKs with only one NACK. One possible way to address this issue is to support PUCCH format 3 for flexible-TDD UE when TDD configuration #5 is used, although flexible-TDD UE may not support aggregating more than one serving cell.
Reconfigurable reference configuration
As stated in [6, 7],   similar to the case of Carrier Aggregation with different UL-DL configurations introduced in Rel-11 which selects reference configuration based on the TDD configuration pair of Primary Cell and Secondary Cell,  DL/UL reference configuration  for flexible-TDD system can also be selected based on the fast TDD configuration pair of two consecutive frames.
This method can make the best use of existing HARQ-timing and feedback HARQ-ACK with shorter delay compared with fixed reference configuration. However, since 2 consecutive TDD configurations are needed in order to find the reference configuration for timing, the TDD configuration for that next reconfiguration interval is determined at lease 10ms earlier than the start of the next reconfiguration interval, which means fast TDD configuration is not based on the latest information of traffic variation, and may not get the best of flexible-TDD. More importantly, the influence of ambiguity in terms of fast TDD configuration may also extend to three frames rather than being confined within the frame with ambiguity.
Semi-fixed reference configuration

In this method, the existing 7 UL-DL TDD configurations are divided into N (e.g. N=2) subsets, and each subset has independent uplink and downlink reference configuration. The DL reference configuration #5 may not be used in all subsets and thus the impact of bundling may be alleviated. As this method may require TDD reconfiguration within one subset to be used for a certain period before it can be reconfigured to TDD configuration within another subset, the impact on the gain of flexible-TDD should be evaluated. In addition, how to maintain HARQ-ACK timing during the transition of two subsets is also a challenging issue.
Observation3: Further study reference configuration selection for flexible-TDD system 
4 Conclusion 
In this contribution, we discussed the time scale and transmission mechanisms for reconfiguration signalling, the options for selection reference configuration; we provide our observations as follows:

Observation1: Specification is needed when flexible-TDD fails to detect the fast TDD configuration
Observation2: Parts of proposal agreed for Carrier aggregation with different UL-DL configurations introduced in Rel-11 can be made straight forward for flexible-TDD system

Observation3: Further study reference configuration selection for flexible-TDD system 
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