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1. Introduction & Background
In RAN1#74, signaling for TDD eIMTA were discussed and the following agreements have been made [1]:

· Confirm working assumption and agree on explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH.

· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS

· If possible, come back on Friday. FFS if the UE group common reconfiguration signaling is designed such that 

· It is carried by DCI in common search space.  

· Multiple reconfiguration indicators (e.g. for CA, COMP scenario 4)  can be multiplexed into one DCI, where each reconfiguration indicator represents one of seven existing TDD UL/DL configurations. 

· FFS whether reconfiguration indicator(s) in DCI can be multiplexed with information other than reconfiguration indicator(s), padding bits and CRC. 

· FFS to choose DCI length from two existing DCI lengths for DCI-1C and DCI-0/1A/3/3A.
In this contribution, details of  L1 signaling design are discussed. 
2. Discussion on signalling design aspects
2.1. Search space
In eIMTA, it has been agreed that a group of UEs monitor a common (e)PDCCH to receive UL-DL reconfiguration signaling. There are two options for the search space for this L1 signaling: one is the common search space, the other is the new UE-group-common search space.
Alt 1: common search space
Common search space is a straightforward choice for the reconfiguration signaling since it is shared by all UEs in the cell. An eIMTA-RNTI can be used to differentiate the DCI for reconfiguration signaling from the existing DCIs transmitted in common search space. Additional blind decodes can be avoided if the DCI length for the reconfiguration signaling is the same as the DCI length for DCI-1C or DCI-0/1A/3/3A. Since the eIMTA DCI may be conveyed every 10ms, it may increase the blocking probability in common search space.
Alt 2: new UE-group-common search space
In LTE, UE-specific search spaces (USS) is defined for each UE individually and the starting CCE is derived based on x-RNTI. Similarly, a new UE-group-common search space could be defined for each group of UEs and the starting CCE is derived based on the UE-group-common RNTI. 
Considering the size of the new group DCI for eIMTA in USS may be different from the other DCIs’ size, this option may not be able to maintain the same number of maximum number of blind decodes, unless borrowing some number of blind decoding from other size of DCI in USS. 
Proposal 1: Either common search space or new UE-group-common search space can be used for TDD UL-DL reconfiguration signaling. Additional blind decodes may be needed if new UE-group-common search space is adopted, unless borrowing some number of blind decoding from other size of DCI in USS.
2.2. DCI format design
There are mainly two alternatives for the design of the DCI format for TDD UL-DL reconfiguration: one is to reuse the existing DCI formats, the other is to design a new DCI format. 
Alt 1: reuse DCI format 3/3A
DCI format 3/3A is used for the transmission of TPC commands for PUCCH and PUSCH. The parameter tpc-Index provided by higher layers determines the index to the TPC command for a given UE.  The TDD UL-DL reconfiguration signaling and the TPC command can be multiplexed in one DCI format in case that the payload of DCI format 3/3A is not be fully used for the TPC commands. Similarly, an eIMTA-Index can be provided by higher layers for an eIMTA capable UE to determine its UL-DL reconfiguration signaling index. 

Alt 2: define a new DCI format
Similar to format 3/3A, a new DCI format can be defined to support the reconfiguration signaling. The DCI length can be the same as the existing DCI length. An eIMTA-RNTI can be used to differentiate the new DCI format from the existing DCIs if common search space is used. An eIMTA-Index can also be provided by higher layers for an eIMTA capable UE to determine its UL-DL reconfiguration signaling index. One example is illustrated in figure 1. 
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Figure 1. An example of new DCI format for reconfiguration signalling
In order to support carrier aggregation, 
Option 1: One DCI contains eIMTA signalling for all carriers

New signalling eIMTA_CA_enabled provided by higher layers may be needed to indicate UE. One example is illustrated in figure 2. In this example, reconfiguration signalings for UE group1 and UE group2 are multiplexed in one DCI, and reconfiguration signalings for UE group3 and UE group4 are multiplexed in another DCI. UEs in different groups may work under different number of carriers. Higher layer signaling eIMTA_CA_enabled indicates that different UL-DL configurations for several carriers are enabled for UEs in group1/2/3. UEs in both group1 and group2 are configured with the same eIMTA-RNTI1, and UEs in both group3 and group4 are configured with the same eIMTA-RNTI2. Higher layer signaling eIMTA_index is 1 for UEs in group1/3, 3 for UEs in group2 and 4 for UEs in group4.
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Figure 2.  An example of new DCI format for reconfiguration signaling supporting CA

Option 2: Per carrier eIMTA signalling
In order to reduce the number of DCIs per carrier, eIMTA signalling for each carrier can also be considered to be carried in each carrier. It is noted that per carrier feedback does not require backhaul to be ideal between two carriers.
Proposal 2:Reuse DCI format 3/3A or define a new DCI format for reconfiguration signaling.
2.3. Subframe location
L1 signaling for TDD UL-DL reconfiguration should be transmitted in fixed DL subframes since flexible DL subframe may be misunderstood as UL subframe and UE does not monitor the PDCCH in such subframe.  The specific subframe location for reconfiguration signaling can be predefined or configured by eNB, and UE just need to monitor the PDCCH in few subframes every 10ms. If the overhead of reconfiguration signaling needs to be further reduced, it may be beneficial to allow eNB to configure different reconfiguration period according to the traffic load.
Proposal 3: TDD UL-DL reconfiguration signaling should be transmitted in fixed subframes.
2.4. Activation time
Whether the eIMTA DCI applied to the current frame or next frame is relevant to the scheduling flexibility. Two options can be

· Option 1: eIMTA DCI is applied to current frame
Considering the direction of the subframe need to be determined after decoding eIMTA DCI, it is expected eIMTA DCI should be transmitted in the first one or two downlink subframe (e.g., SF#0 or SF#1). Additional repetition of eIMTA DCI is not possible for such case. 
· Option 2: eIMTA DCI is applied to next frame
In such case, eIMTA DCI can be transmitted in every DL subframe. Repetition of eIMTA signalling can improve the robustness of UE reception. However, it is expected that even DCI is not correctly received, not all the DL/UL subframes will be missing considering the HARQ timing design agreed in RAN1#74. 
Proposal 4: eIMTA DCI is applied to current frame.

3. Conclusion
In this contribution, some aspects of detailed L1 signaling design for TDD UL-DL reconfiguration are discussed.  We propose:
Proposal 1: Either common search space or new UE-group-common search space can be used for TDD UL-DL reconfiguration signaling. Additional blind decodes may be needed if new UE-group-common search space is adopted.
Proposal 2: Reuse DCI format 3/3A or define a new DCI format for reconfiguration signaling.

Proposal 3: TDD UL-DL reconfiguration signaling should be transmitted in fixed subframes.
Proposal 4: eIMTA DCI is applied to current frame.
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