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1. Introduction

In 3GPP RAN1#74 meeting, the following agreement was made:

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

· The L1 signalling 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 

Besides, all the other details listed below are left FFS:
·  Detail design of the L1 signaling
·  Search space for carrying the L1 signaling.

·  Fallback solution.
This contribution discusses the above remaining issues.
2. The purpose of the L1 UE-group-common signaling
Besides the agreed purpose to inform the UE of the downlink subframes to detect (e)PDCCH, the CSI measurement is another main motivation to introduce the L1 signalling. It has been observed that SINR varies significantly across different subframes when different types of interference arise [1]. To measure channel and interference in flexible subframes, it should be allowed that CSI-RS and CSI-IM can be configured in the flexible subframes [2]. Therefore, the L1 signaling can be used to indicate whether the CSI-RS and CSI-IM configuration are valid in flexible subframes. 
L1 signaling may also be helpful to indicate the SRS transmission in the flexible uplink subframes. The UE may transmit the SRS as configured in flexible subframe only when the flexible subframe is indicated by the L1 signalling as an uplink subframe. In case the flexible subframe is indicated as a downlink subframe, the UE should cancel the SRS transmission in that flexible subframe. 
Another possible use of the L1 signalling is to inform the UE of the subframe type of subframe#6. When the TDD reconfiguration runs over both switch-point periodicities (5ms and 10ms), subframe #6 can be a special subframe or a normal downlink subframe. The mappings of PDSCH/DMRS are different between special subframe and normal subframe. With the help of this L1 signalling, the UE may not need to always assume subframe #6 to be a special subframe, which may result in better DL throughput performance. 
3. Design of the L1 signaling
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 format 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. 
3.1. 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 at least contains 3 bits to support selection from 7 TDD UL-DL configurations defined 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 real-time operation, DCI format 1E can contain only one control field to notify the TDD reconfiguration for just one UE-group. Regardless of number of control fields, all the unused bits in the DCI format 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. 
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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.
As discussed in [3], one DCI bit can be introduced for dynamic grouping of IMRs corresponding to different CSIs, which may be considered as an enhancement for CSI/IMR measurement in eIMTA. If such one DCI bit is indeed needed and included into the DCI carrying the TDD UL/DL reconfiguration signaling, each control field carrying the UL/DL reconfiguration signaling is extended to 4bits as shown in Figure-1, i.e., 3bits for the TDD UL/DL configuration and the remaining 1bit for IMR grouping.
3.2. Reuse the existing DCI format
It was proposed in [4] 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.  Note that the one bit for IMR grouping can also be included in this case. 
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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. 
Comparing the two options mentioned above, we slightly prefer Option-1.
4. Search space for the L1 signaling
In Rel-8/9/10/11, two search spaces are defined for (e)PDCCH detection: common search space (CSS) and UE-specific search space (USS). Given the L1 reconfiguration signaling is UE-group-common wise, the CSS should be the most straight-forward choice. If it is transmitted on the USS, the eNB has to either transmit L1 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 not be transmitted in the legacy USS.

The main concern of using the CSS to transmit the L1 signaling is that the blocking probability in CSS may be higher than in USS. Accordingly one solution with so-called “UE-group common search space” was proposed [8]
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[10]. New search space implies the increased blind decoding attempts, which somehow contradicts the working assumption on striving to avoid additional blind decodes. Therefore, if such a “UE-group common search space” should be introduced to transmit the L1 signaling, some restrictions should be applied to avoid additional blind decodes. For example, 
·  the size of DCI format transmitted in the UE-group-common search space should be the same as one of legacy DCI formats (e.g DCI format 1A) defined to be transmitted in legacy USS, and 
·  the DCI format with the DCI size used in UE-group common search space cannot be transmitted in the legacy USS in the subframes when UE-group common search space is activated. That is to say, if having to be transmitted in the subframe in which TDD reconfiguration signaling is sent, the UE-specific DCI with the mentioned size needs to be transmitted together with TDD reconfiguration DCI in the newly defined UE-group common search space, instead of original USS when TDD reconfiguration signaling is not sent. 
Although the above-mentioned method seems to put some restrictions for the selection of search space to carry certain DCI format (e.g DCI format 1A), it provides the flexibility for the eNB to choose the search space (CSS or UE-group-common SS) for carrying the UL-DL reconfiguration signaling. Therefore, if the CSS, as the first priority choice, indeed has a blocking problem under certain circumstance, the UE-group common search space with above-mentioned restriction could be considered as a candidate search space for this new L1 signaling. 
5. Fallback solution
A fallback solution may be needed when the UE fails to decode the L1 signaling. First of all, certain mechanism is needed to help the UE to know whether it has missed the L1 signaling or not. A simple way is to transmit the L1 reconfiguration signaling in the pre-defined or RRC-configured subframe pattern (including subframe periodicity and offset). 

The fallback solution can impact the L1 procedures that rely on the L1 reconfiguration signaling as listed in section 2. 
· (e)PDCCH monitoring: For the PDCCH monitoring in case the UE missed the L1 signaling, a conservative way is to let the UE monitor (e)PDCCH in all the subframes indicated as DL by the configured DL HARQ reference configuration. It may increase the UE power consumption but offer benefit from peak data rate perspective. Note that this can be a just UE implementation issue. 
· CSI measurement: As discussed in section 2, the L1 signalling can be used by the UE to decide whether the configured CSI-RS and CSI-IM in flexible subframe are valid for measurement. In case that the UE misses the L1 signalling, two alternatives can be considered for the UE behaviour on CSI measurement and feedback:
· Alt 1: The UE follows the TDD configuration indicated in SIB-1 or UL HARQ reference configuration (if configured) to find the DL subframes where CSI-RS and CSI-IM are configured. There may be misunderstanding between the UE and the eNB about the CSI reference resource in time domain as illustrated in Figure-3, which would result in inaccurate CSI report. 
· Alt 2: The UE skips the CSI measurement and reporting or sends a CSI report that the eNB would receive but not transfer to scheduling decision (i.e., a CQI value corresponding to “out of range”). 
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Figure-3 misunderstanding between eNB and UE about the CSI reference resource in time domain
Note that both of the alternatives mentioned above can be left for UE implementation. On the other side, the eNB does not know whether the UE has missed the L1 signalling or not, and it would try to receive the CSI report. The further eNB behaviours upon failure in reception of CSI reporting or the inaccurate CSI report from UE can be an eNB implementation issue.
· SRS transmission: If the UE transmits an SRS in a subframe that is indicated by the L1 signaling to be a downlink subframe, the SRS transmission may cause interference to the neighbor UEs downlink reception. Therefore, the UE should not transmit SRS in a flexible subframe when it has no idea about the transmission direction of such flexible subframe. This problem can also be avoided by configuring the SRS transmission only in fixed UL subframe or UpPTS.
· PDSCH mapping in SF#6: for the fall-back operation, the subframe type of SF#6 should follow SIB-1 configuration or UL HARQ reference configuration (if configured). 
6. Conclusions
The contribution discusses the details of L1 reconfiguration signaling design in TDD eIMTA. In summary, we propose:

· The L1 TDD reconfiguration signaling can be used to assist (e)PDCCH monitoring, CSI measurement, SRS transmission and PDSCH/DMRS  mapping in subframe#6.
· New DCI format with existing DCI length in the common search space should be adopted for the explicit signaling of TDD UL-DL reconfiguration. 
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