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1. Introduction

In 3GPP RAN1#73 meeting, the following was agreed for TDD eIMTA reconfiguration signalling:

· Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

This contribution discusses the issues left from the last meeting, mainly focusing on the details of the UE-group-common (e)PDCCH design.
2. Design of UE-group-common (e)PDCCH
In the RAN1 #73 meeting, it was well accepted as a design preference that the creation of reconfiguration signalling should avoid additional blind decoding on (e)PDCCH, which means no new DCI size should be introduced. Based on this criterion, two options can be considered.

Option 1: new DCI format with the existing DCI format size.

Option 2: reuse the existing DCI format.

The following sections discuss the details of these two options. 
2.1. New DCI format with the existing DCI format size
Because of the characteristic of multicast and the fact that the number of UE groups does not vary significantly, the most straight-forward implementation of reconfiguration signalling is to follow the design philosophy of DCI format 3/3A that is used to carry multi-users’ TPC in one DCI format. So, a new DCI format, namely DCI format 1E for example, can be introduced with the following details. 
·  Because the size of DCI format 1E is the same as one of existing DCI format, some mechanisms are needed for the UE to distinguish between the two. A simple way is to define the CRC mask of DCI format 1E to be a specific RNTI, i.e., TDD-RNTI, which is never used by the existing DCI format of the same size. This new TDD-RNTI can be configured by higher layer signaling.
·  Similar to DCI format 3/3A, DCI format 1E contains multiple control fields. Each control field corresponds to TDD reconfiguration signaling for one single UE group and contains 3 bits to support selection from 7 TDD UL-DL configurations supported in the current specification. A group-wise TDD-reconfiguration signaling index is configured to UE in the group by higher layer to indicate which control fields in DCI 1E should be concerned. As a special case in the application, DCI format 1E can contain a single control field to notify the TDD reconfiguration for just one UE-group. In this case, all the unused bits are left undefined. 
One design example is illustrated in Figure-1, which shows DCI format 1E has the same size as DCI format 3/3A. However, the size of DCI format 1E can also be same as DCI format 1C, which can achieve more reliable detection performance at the expense of less signaling capacity. In general, there should be a tradeoff between the detection performance and signaling capacity when deciding which existing DCI format size should be reused upon DCI format 1E. 
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Figure-1 an example of the DCI format 1E design
In case of carrier aggregation with different UL-DL configurations, the TDD UL-DL configuration signaling for each serving cell can also be included in a single signaling of DCI format 1E. In this case, multiple TDD-indices can be configured for multiple serving cells; alternatively, only one TDD-index is configured just for the PCell, and the TDD-indices for the SCells can be derived from the TDD-index for the PCell. Same solution can also be applied for the CoMP scenarios with different TDD UL-DL configurations at different transmission points.
2.2. Reuse the existing DCI format
It was proposed in [1] that the reserved bits in DCI format 1A when scrambled with SI-RNTI/RA-RNTI/P-RNTI can be re-defined to indicate the TDD UL-DL reconfiguration. Due to limited number of reserved bits in DCI format 1A and fixed CRC mask, this solution can hardly support more than two UE-groups.
Another solution is to reuse DCI format 3/3A. In this case, the TPC command and the TDD UL-DL reconfiguration signalling are multiplexed in one DCI format, as shown in Figure-2. The UEs supporting TDD UL-DL reconfiguration can be configured with both TPC-index and TDD-index, both of which can be applied to the same DCI format 3/3A signalling. It is the eNB’s implementation issue to configure proper TPC-index and TDD-index to avoid collision, which can be transparent to the UEs. The application of deriving TPC from TPC-index can be maintained the same as in current specification. 
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Figure-2 Reuse the DCI format 3/3A to multiplex the TPC and UL-DL TDD reconfiguration
The advantage of this solution is to provide a way to fully utilize the spare bits in case that the TPC commands do not fill up the size of DCI format 3/3A. 
3. Other issues
Regarding to which search space the reconfiguration signaling should be transmitted on, the common search space should be the most straight-forward choice considering the UE-group-common characteristics. If it is transmitted on the UE-specific search space (USS), the eNB has to either transmit reconfiguration signaling to the individual UE one by one, or struggle with scheduling to find the overlapping resource across different USS. The former choice results in big but unnecessary signaling overhead, while the later one brings high scheduling complexity and maybe still even not feasible. Therefore, the UE-group common signaling for TDD UL-DL reconfiguration should be transmitted in the common search space.
Regarding to the reliability and robustness of the explicit solution, as long as the HARQ timing for PDSCH/PUSCH is based on semi-statically configured reference configurations[2] and therefore does not rely on the explicit signalling, the reliability and robustness requirements on the signalling design can be somehow relieved. Meanwhile, if the reconfiguration signalling should be transmitted in common search space with an existing DCI length, the detection performance should be acceptable in general. The TDD reconfiguration signalling is designed to better support CSI measurement and reduce the impact of error on UL grant/PHICH [3], the missing or false detection of such signalling may not bring serious impact to the system performance. Therefore, additional reliability enhancement is unnecessary.
4. Conclusions
The contribution gives the design of the explicit signaling for TDD UL-DL reconfiguration, and proposes that:
Proposal: New DCI format with existing DCI length in the common search space should be adopted for the explicit signaling of TDD UL-DL reconfiguration.
· New DCI format can contain multiple 3-bit fields, each of which controls TDD reconfiguration for one UE group. 
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