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1 Introduction
The design of explicit L1 signaling for UL-DL reconfiguration had been discussed in RAN1#75, with the following conclusions made:
Agreement:
· The group common DCI is only in Pcell CSS for a UE
· If UE detects L1 signaling conveying a valid UL-DL configuration for a radio frame,

· UE shall monitor the non-DRX DL subframes or special subframes indicated by explicit L1 signaling
Working Assumption:

· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration 

· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported
· FFS issues related to subframe #6, particularly,

· How to handle the case when eIMTA is enabled, whether or not/how to support broadcast (e.g., SI/P/RA-RNTI) related operations in subframe #6 if the subframe is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration 

· The periodicity of the reconfiguration signals includes at least the following:

· 10, 20, 40, 80ms

· A UE shall monitor the reconfiguration signals only in downlink subframes or special subframes according to SIB1

· The UE may be configured to monitor the reconfiguration signals in more than one subframe between two adjacent periodic instances

· FFS which subframes

· The detected configuration is valid for  a window where the window has a duration equal to the periodicity of the reconfiguration signals

· May subject to an application delay

· A UE shall assume the same configuration for two or more reconfiguration signals, if the two or more reconfiguration signals are detected in subframes within a window of a duration equal to the periodicity of the reconfiguration signals

· The UE cannot assume the same configuration for reconfiguration signals detected in subframes across different windows

In the recent email discussion, some further details on configuration of the explicit L1 signaling were concluded, with the agreements captured in [1]. In this contribution, the remaining details for the design of explicit L1 signaling for UL-DL reconfiguration are discussed.
2 Discussions
2.1 On the UL-DL reconfiguration DCI contents and RNTI
There are pending issues for the UL-DL reconfiguration DCI contents, i.e. (1) whether only the reconfiguration indicator(s) are included in the reconfiguration DCI format, (2) the number of eIMTA-RNTI that can be configured for a given UE. In the previous discussion of dual loop uplink power control, it was agreed as working assumption that the parameters Po and alpha are configured semi-statically by RRC signaling since it is not possible for the eNB to accurately know the instantaneous transmission directions used in the neighbor cells with the current backhaul design [2]. Therefore the working assumption should be confirmed so that power control related indicators are not needed in the reconfiguration DCI format. Based on similar reasons of the current backhaul design, it is observed in [3] that semi-static configuration of CSI measurement sets for TDD eIMTA is sufficient and no dynamic signaling bits are required in the DCI format to indicate the CSI measurements. Besides, no other information required to be included in the UL-DL reconfiguration DCI has been identified. Given these observations, it is can be concluded that no additional information other than the UL-DL reconfiguration indicator(s) are included in the explicit reconfiguration DCI format.
Proposal 1: Only UL-DL reconfiguration indicator(s) are included in the reconfiguration DCI format.
3 DCI bits is required to indicate the UL-DL reconfiguration for a serving cell enabled with TDD eIMTA and multiple indicators can be multiplexed in one DCI format transmitted in the Pcell CSS if more than one serving cells are enabled with TDD eIMTA for a given UE. If no other information can be included in the UL-DL reconfiguration DCI format, the number of reconfiguration indicators that can be multiplexed in one DCI format (same bit length as 1C) is determined by the system bandwidth, as shown in table 1.
Table 1: Number of multiplexed reconfiguration indicators supported in one DCI format

	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	2
	3
	4
	4
	4
	5


When the system bandwidth is no less than 5MHz, it is supported to multiplex 4 or 5 reconfiguration indicators in a DCI format, which is sufficient to support TDD eIMTA enabled with multiple serving cells in carrier aggregation. Similar as previous experience, it is acceptable that narrow system bandwidths lower than 5MHz can support eIMTA with carrier aggregation but not optimized. Therefore it is sufficient for a UE to monitor reconfiguration DCI format with one eIMTA-RNTI on the Pcell CSS for TDD eIMTA with carrier aggregation. In CoMP scenario 4, when TDD eIMTA is enabled, each RRH can have individual UL-DL reconfiguration if good isolation is guaranteed from each other. However, a UE is only served by one RRH in this case, which means only reconfiguration DCI format with one eIMTA-RNTI needs to be monitored by the UE. 
Proposal 2: Only one eIMTA-RNTI can be configured for a given UE.
The false alarm probability of the UL-DL reconfiguration signaling should be kept as low as possible to avoid intra-cell UE-to-UE interference, which could happen if a UE transmits PUSCH or SRS in a subframe that is actually downlink. In some cases, not all bits in the UL-DL reconfiguration DCI are needed to carry the reconfiguration indicator. For example, in a single carrier eIMTA enabled cell with 20MHz bandwidth, 12 bits in the reconfiguration DCI are not used as reconfiguration indicator. It is beneficial to use these available bits as virtual CRC to reduce the false alarm probability. A higher layer signaling is then needed to inform the UE about the number of bits used as virtual CRC.
Proposal 3: The number of bits in the reconfiguration DCI not used for UL-DL reconfiguration indication are configured by higher layers and used as virtual CRC. 
2.2 UE behavior for fallback operation
It has been agreed in [1] that a UE is not required to monitor the reconfiguration DCI during DRX OFF and multiple subframes within a periodicity can be configured for a UE. The UE fallback behavior in terms of PDCCH monitoring in the radio frame(s) for which the reconfiguration DCI is not detected should be clearly defined in the specification. Although a working assumption has been made that “If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration”, it was still argued this option may cause complication for the eNB scheduler.
With current agreements, there are mainly two cases when a UE would enter the fallback behavior in the radio frame(s) for which the valid UL-DL configuration is not detected: 1) the UE fails to decode a valid reconfiguration signaling for the radio frame; 2) the UE misses the subframe(s) transmitting the reconfiguration signaling because of DRX. In the first case “the UE fails to decode a valid reconfiguration signaling for the radio frame”, the eNB is not able to know whether the UE has misdetected the reconfiguration signaling. However, this case can be seen as a corner case as the misdetection probability for the reconfiguration DCI was shown to be sufficiently low (~0.1%) thanks to the good SINR in small cells and higher PDCCH aggregation levels [4][5][6]. Hence enhancement for the first case is not motivated. As for the second case “the UE misses the subframe(s) transmitting the reconfiguration signaling because of DRX”, since the DRX pattern running at the UE could be almost perfectly known to the eNB even without eIMTA, there is almost no ambiguity for the eNB to know the exact UE state in terms of PDCCH monitoring, i.e. based on the detected reconfiguration signaling or SIB-1 configuration. Furthermore, eNB is allowed to configure multiple transmissions of the reconfiguration signaling within a periodicity, which minimizes the probability of the second case. To conclude we don’t see any strong motivation to prevent us from confirming the current working assumption.
Proposal 4: Confirm the working assumption that “If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration”.

When the UE is not aware of the actual UL-DL configuration for a radio frame, it needs to be discussed in which set of UL subframes the UE can expect PUSCH scheduling. Mainly two options exist: Opt 1) all UL subframes according to SIB-1 UL-DL configuration; and Opt 2) all UL subframes according to the DL reference UL-DL configuration. With the prior discussion, it is understood that the eNB shall in most time know whether the UE is aware of the actual UL-DL configuration for a radio frame, it can schedule UL grant properly such that PUSCH is only transmitted in UL subframes. Hence there is not much difference in terms of performance between Opt 1) and Opt 2). Since Opt 1) does not require any additional specification work and Opt 2) is allowed by Opt 1) through eNB implementation, Opt 1) (all UL subframes according to SIB-1 UL-DL configuration) is preferred.   
If a UE is aware that an uplink subframe is configured to a downlink subframe and the UE still receives an UL grant scheduling PUSCH in that subframe, the UE can determine that the UL grant is detected with false alarm, assuming proper eNB implementation will not result in such a transmission collision at the UE. In this case, inconsistent control information is detected and the UE shall discard the UL grant. Note that the general treatment of inconsistent control information is already captured in TS36.213 and hence no more specification is necessary for UL grant validation in eIMTA.
If the UE is not aware of the actual UL-DL configuration for a radio frame and the UE is scheduled with a SRS transmission in an SIB-1 uplink subframe that may be reconfigured to downlink, it needs to be discussed whether the UE shall still transmit the periodic SRS. Two alternatives exist: Alt 1) UE shall not transmit SRS in reconfigurable subframes; and Alt 2) UE shall transmit SRS only when PUSCH is scheduled in that subframe. Both periodic and aperiodic SRS shall be considered. For periodic SRS, both alternatives can work. However, for aperiodic SRS, alternative 1 is preferred since UE is not able to determine the “first available UL subframes later than n+4” without knowing the transmission directions.  For simplicity, the alternative 1 can be used for both periodic and aperiodic SRS. 
Proposal 5: When an eIMTA enabled UE is not aware of the actual UL-DL configuration for a radio frame, the UE shall not transmit SRS in a reconfigurable subframe.
2.3 Further details on the configuration of the explicit UL-DL reconfiguration DCI
The 1st FFS issue is whether or how to specify the UE behavior when the reconfiguration signaling is received in multiple subframes within a periodicity. The main purpose of having specification text for this case is to ensure proper eNB behavior, i.e. eNB shall not transmit contradictory reconfiguration indicators for the same radio frame(s). In this sense, the behavior #2 in [1] should be considered. 
Proposal 6: Specify the following UE behavior, i.e. if a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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Another topic is related to the configuration of the subframes that can be used to transmit the reconfiguration DCI. As subframes {0, 1, 5, 6} are always available irrespective to the SIB-1 UL-DL configuration and four subframes per radio frame provides enough flexibility to cope with UE DRX or CSS congestion (assuming the previous conclusion that CA+CoMP is not optimized in the signaling design of eIMTA),  we propose that only subframes {0,1,5,6} in a radio frame can be configured to the UE to monitor the reconfiguration signaling. It is noted that allowing transmitting the reconfiguration signaling in other SIB-1 DL subframes would increase the number of UE false alarm as well as UE testing complexity.
System performance gains have been shown with longer UL-DL reconfiguration periodicity, i.e. 80ms. Additionally, there are cases that backhaul latency among small cells can be up to 60ms [10], which motivates the support of reconfiguration signaling periodicity of 80ms.
It has been agreed that reconfiguration indicator transmitted in subframe #0 of 10ms periodicity can be applied to the current radio frame [1]. This provides an eNB operation possibility to minimize the traffic adaptation latency, i.e. the latency between deciding and applying the new UL-DL configuration. It is proposed to include this possibility also in the longer periodicities at least for 20ms case where DRX may not be a problem so that multiple shots of the reconfiguration signaling in a periodicity is not required.
Proposal 7: Only subframes {0,1,5,6} in a radio frame can be configured to monitor the reconfiguration signaling.
Proposal 8: Confirm the working assumption that 80ms periodicity for the reconfiguration signaling is supported.

Proposal 9: Support additional configurations such that the reconfiguration signaling is only transmitted in the subframe #0 of the first radio frame and the reconfiguration is applied starting from the same radio frame, for reconfiguration periodicity of 20ms, 40ms, and 80ms. 
2.4 Support of UL-DL reconfiguration between 5ms and 10ms switching point periodicity
As evaluated in [11], UL-DL configuration #0 and #5 are most likely to be used for traffic adaptation in TDD eIMTA. Although by implementation the traffic adaptation flexibility can be limited to UL-DL configuration with 5ms switching point periodicity, it is not preferred since 10~15% DL throughput degradation occurs with such a limitation as shown in previous studies. Therefore it is desirable that reconfiguration between 5ms and 10ms switching point periodicity shall be supported at least for UE-specific PDSCH. So it is proposed to confirm the working assumption that “Reconfiguration between 5ms and 10ms switching point periodicity shall be supported” and agree that UE receives PDSCH with UE-specific RNTI and EPDCCH USS in subframe #6 according to the received reconfiguration DCI.
As for the handling of subframe #6 for PDSCH scrambled with common RNTI, two ways can be envisioned as following:
· Option 1: UE receives common PDSCH in subframe #6 according to SIB-1 UL-DL configuration. Assuming SIB-1 UL-DL configuration #0 or #1 is used in an eIMTA cell, subframe #6 is always available for common PDSCH transmissions with this option. A UE could receive the UE-specific PDSCH and common PDSCH assuming different available OFDM symbols. This behavior is not new because currently a UE should be able to receive two types of PDSCH with different numbers of available REs, e.g. DMRS and CRS may exist in PRB pairs transmitting UE-specific PDSCH while only CRS exist in PRB pairs transmitting common PDSCH.
· Option 2: UE receives common PDSCH in subframe #6 according to the UL-DL reconfiguration signaling, i.e. if a special subframe is indicated then common PDSCHs are expected otherwise no common RNTIs are monitored. Assuming that special subframe is configured for subframe #6 in SIB-1, then in 30~40% of the radio frames subframe #6 cannot be used for any common PDSCH transmission since UL-DL configuration #3, #4 or #5 is actually used [11]. This is a non-negligible limitation from the network perspective thus not preferred.
Proposal 10: Confirm the working assumption that “Reconfiguration between 5ms and 10ms switching point periodicity shall be supported” and an eIMTA enabled UE receives PDSCH with UE-specific RNTI and EPDCCH USS in subframe #6 according to the UL-DL reconfiguration signaling.
Proposal 11: An eIMTA enabled UE receives common PDSCH in subframe #6 according to SIB-1 UL-DL configuration.
3 Conclusions
In this contribution we discuss the remaining details of the design of L1 signaling for UL-DL reconfiguration. According to the discussion above, we have the following proposals:
Proposal 1: Only UL-DL reconfiguration indicator(s) are included in the reconfiguration DCI format.
Proposal 2: Only one eIMTA-RNTI can be configured for a given UE.
Proposal 3: The number of bits in the reconfiguration DCI not used for UL-DL reconfiguration indication are configured by higher layers and used as virtual CRC. 
Proposal 4: Confirm the working assumption that “If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration”.

Proposal 5: When an eIMTA enabled UE is not aware of the actual UL-DL configuration for a radio frame, the UE shall not transmit SRS in a reconfigurable subframe.

Proposal 6: Specify the following UE behavior, i.e. if a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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Proposal 7: Only subframes {0,1,5,6} in a radio frame can be configured to monitor the reconfiguration signaling.

Proposal 8: Confirm the working assumption that 80ms periodicity for the reconfiguration signaling is supported.

Proposal 9: Support additional configurations such that the reconfiguration signaling is only transmitted in the subframe #0 of the first radio frame and the reconfiguration is applied starting from the same radio frame, for reconfiguration periodicity of 20ms, 40ms, and 80ms. 

Proposal 10: Confirm the working assumption that “Reconfiguration between 5ms and 10ms switching point periodicity shall be supported” and an eIMTA enabled UE receives PDSCH with UE-specific RNTI and EPDCCH USS in subframe #6 according to the UL-DL reconfiguration signaling.

Proposal 11: An eIMTA enabled UE receives common PDSCH in subframe #6 according to SIB-1 UL-DL configuration.
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