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1. Introduction
The following agreement was made in RAN1#72bis on the UL-DL reconfiguration signaling method [1]:

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· Alternative 1 below is agreed.
Note:    “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats

Alternative 1:

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 
· MAC signaling
· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
This contribution compares those signaling methods in terms of the performance benefit and related specification issues.

2. Discussion on the reconfiguration signaling methods
2.1. Implicit PHY signaling
In the implicit derivation method, the direction of each subframe is determined by the DCI format a UE detects: The UE regards subframe n as UL subframe if it detects UL grant in subframe n-k which schedules the UL transmission in subframe n. The UE regards subframe n as DL subframe if it detects DL assignment in subframe n. 

The implicit PHY signaling has advantages over other signaling mechanisms in terms of signaling overhead and specification impact. Basically, the implicit signaling method can be implemented by defining a few related UE behaviors, mainly for the DL assignment detection, without introducing a new signal. However, because a UE does not know duplex direction of subframe until DL assignment or UL grant is detected by the UE, the following issues may be considered:
· Blind decoding on every flexible subframe. A UE does not know duplex direction of flexible subframe, the UE should assume flexible subframes as potential DL subframes and perform blind decoding on every flexible subframe. These blind decoding should be performed even on flexible UL subframes if UL transmission for the UE is not scheduled on those subframes. It can be argued that such an increase of blind decoding attempts cause more UE battery consumption and more chance of false detections of DCI. Some of the false detection may be recognized by the UE, for example, when both PUSCH transmission and PDSCH reception are scheduled at the same subframe in case of cross-carrier scheduling. A proper handling needs to be considered in such cases.
· CSI measurement in flexible subframes. If a UE assumes flexible subframes as DL subframes, the UE could measure CSI in the flexible subframe. As a UE does not know duplex direction of some subframes which do not include DCI (UL grant and DL assignment) of the UE, the UE may measure and report CSI for UL subframes if those subframes are flexible UL subframe with capturing the interference from PUSCH towards the target TP. More detailed discussion is provided in [2].
The requirements for the implicit PHY signaling can be summarized as follows:

· The UE behavior needs to be clarified so that the UE tries to decode DL assignment in the flexible subframes.

· The UE behavior needs to be defined to handle the case where the UE observes a confliction in the eNB scheduling message.
2.2. Explicit PHY signaling

In this method, the eNB explicitly indicates the UL-DL configuration in the actual use by PHY signaling. Apparently, there are rooms for further optimization, especially for the issues discussed about the implicit signaling method, at the cost of increased specification works. The following issues can be considered in designing the explicit PHY signaling:
· Common vs. Dedicated signaling. The explicit PHY signaling has a signaling overhead problem, compared to the implicit PHY signaling, but this problem can be minimized by allowing the possibility of UE-common signaling structure. Here, the UE-common signaling structure means that a single signaling format is received by a group of UEs. If the new PHY signaling is defined in the form of a DCI, the UE-common signaling property can be enabled by transmitting that DCI in common search space (CSS). We note that UE-common signaling is not necessarily equivalent to cell-specific signaling. Rather, UE-common signaling based on UE-dedicated configuration is more desirable in order to support per-TP UL-DL configuration change when multiple TPs share the same cell ID; this means that it is up to eNB’s implementation whether a DCI is configured to be shared by a group of UEs. We note that the configuration of CSI-RS already takes this signaling structure – it is commonly understood that a CSI-RS configuration is TP-specific but the configuration message of CSI-RS is UE-specific. Furthermore, for a UE operating CoMP, the UL-DL configuration of the coordinating TPs need to be provided as discussed in [2], which implies that the signaling needs to indicate the UL-DL configurations of multiple TPs. Such per-TP configuration signaling, along with the CSI measurement operations in [2], seems essential in improving the CSI measurement and report in comparison to the implicit signaling case. 
· New DCI format. In order to indicate the UL-DL reconfiguration, in explicit PHY signaling, it is needed to define new DCI format. As mentioned above, it is desirable to send the new DCI in the CSS, so this DCI should be able to indicate the UL-DL reconfigurations of each SCell where the UE does not monitor the CSS. In any design of the new DCI format, the number of blind decoding attempts should be kept to avoid additional UE implementation complexity. One possible way would be to embed the UL-DL configuration information in the existing DCI format 3/3A. Regarding the transmission time instance, it is desirable for the eNB to have the configurability, e.g., in terms of the period and subframe offset. One reason is to avoid the interference between the two reconfiguration messages transmitted from two neighboring cells.
· PDCCH/EPDCCH monitoring. As the UE is provided with the explicit UL-DL configuration of its serving TPs, PDCCH/EPDCCH monitoring behavior can be affected by this information. One typical example would be to not monitor PDCCH/EPDCCH that is associated with a TP which is operating UL at a given subframe. This UE behavior seems necessary if the explicit signaling method is taken as an effort to reduce the UE battery consumption compared to the case of implicit signaling.

· Handling the reconfiguration message error. If a UE misses DCI including UL-DL reconfiguration information, UL and DL performance may be degraded during reconfiguration period by UE’s incorrect operation. If one motivation of the explicit signaling is to alleviate the erroneous UE operations caused by false detection of DL assignments and UL grant, it seems essential to handle this UL-DL configuration message error. One possible way is to fall back to the most conservative operations if a UE is aware that it missed the reconfiguration message. To be specific, the UE may follow DL assignment and UL grant targeting only the static DL and UL subframes, respectively. In some cases, a UE may receive DL assignment or UL grant which is inconsistent with the UL-DL reconfiguration message if the UE falsely detects the UL-DL reconfiguration message. So, a clear UE behavior needs to be defined to address the concerns on the erroneous UE operations. Finally, the eNB has no idea on whether the reconfiguration message is correctly received by the UE, so some feedback from the UE needs to be considered; otherwise, the resource efficiency may be degraded in comparison to the MAC signaling case where the feedback mechanism is already provided by using the DL HARQ operations.
The requirements for the explicit PHY signaling can be summarized as follows:

· A new DCI is defined on the CSS without increasing the number of blind decoding attempts.

· Configuration of the new DCI is UE-specific in terms of the used RNTI, transmission time instance, and so on. It is up to the eNB implementation whether the DCI is shared by a group of UEs.

· The new DCI should be able to accommodate per-TP UL-DL configuration of each serving cell from the perspective of a single UE.

· The UE behavior on PDCCH/EPDCCH monitoring needs to be defined to minimize the UE battery consumption.

· The UE behavior needs to be defined to handle the case where the UE misses or falsely detects the new DCI.

· The feedback from the UE on the successful reception is needed.

2.3. MAC signaling

The MAC signaling is UE-specific signaling method, and followings should be considered in this approach;

· Dedicated signaling. The MAC signaling is defined in a UE-dedicated manner, so the eNB has no choice but to transmit individual PDSCHs to all the UEs that need to recognize the UL-DL configuration change. This will substantially increase the signaling overhead. Furthermore, as PDSCH typically targets 10 % BLER, it is probable that the MAC signaling is more vulnerable to the channel error in comparison to the PHY signaling which typically targets 1 % BLER. This will increase the reconfiguration latency due to the HARQ retransmissions, or it will reduce the spectral efficiency if the target BLER of the MAC-containing PDSCH is much lowered.

· Ambiguity problem. MAC signaling has a reconfiguration ambiguity problem, but this problem can be resolved by introducing a proper solution which is similar to the method that is used to support CSI reporting during the transient period related to the secondary cell’s deactivation. For example, a UE assumes that the updated TDD UL-DL configuration received in subframe n shall be applied in subframe (n+8). The TDD UL-DL configuration before receiving reconfiguration message is still valid until subframe (n+8).
· PDCCH/EPDCCH monitoring. Similarly to the explicit PHY signaling case, the UE is provided with the explicit UL-DL configuration. So, it is possible to change the PDCCH/EPDCCH monitoring behavior in consideration of the momentary UL-DL configuration of each TP.

· Error recovery. If an error occurs in receiving UL HARQ-ACK corresponding to the PDSCH containing the reconfiguration message, the eNB and UE have misaligned understanding for the UL-DL configuration. As there is no way to correct this misalignment in the current specification, the eNB and UE have to keep the misaligned configuration until the next UL-DL configuration update. This will lead to substantial resource wastage, so a proper solution needs to be introduced. We note that this situation is similar to the case where a UE misses or falsely detects the explicit PHY signaling.
The requirements for the MAC signaling can be summarized as follows:

· The ambiguity in applying the UL-DL configuration change needs to be solved.

· The UE behavior on PDCCH/EPDCCH monitoring needs to be defined to minimize the UE battery consumption.

· The UE behavior needs to be defined to handle the error case in exchanging the MAC signaling and the corresponding UL HARQ-ACK.

3. Conclusion
This contribution discussed three candidates of the UL-DL reconfigurations. The discussion can be summarized in the following table:
Table 1: Comparisons of the UL-DL reconfiguration signaling methods

	
	Signaling overhead
	Reconfiguration speed
	Required specification work

	Implicit PHY signaling
	No
	Fast
	Small

	Explicit PHY signaling
	Can be minimized
	Fast
	Large

	MAC signaling
	Relatively large
	Relatively slow
	Small


Also, we listed the required specification work for each signaling method as follows. We note that some common requirement such as HARQ operations and CSI measurements are not included in the following list.
· Implicit PHY signaling

· The UE behavior needs to be clarified so that the UE tries to decode DL assignment in the flexible subframes.

· The UE behavior needs to be defined to handle the case where the UE observes a confliction in the eNB scheduling message.

· Explicit PHY signaling
· A new DCI is defined on the CSS without increasing the number of blind decoding attempts.

· Configuration of the new DCI is UE-specific in terms of the used RNTI, transmission time instance, and so on. It is up to the eNB implementation whether the DCI is shared by a group of UEs.

· The new DCI should be able to accommodate per-TP UL-DL configuration of each serving cell from the perspective of a single UE.

· The UE behavior on PDCCH/EPDCCH monitoring needs to be defined to minimize the UE battery consumption.

· The UE behavior needs to be defined to handle the case where the UE misses or falsely detects the new DCI.

· The feedback from the UE on the successful reception is needed.

· MAC signaling

· The ambiguity in applying the UL-DL configuration change needs to be solved.

· The UE behavior on PDCCH/EPDCCH monitoring needs to be defined to minimize the UE battery consumption.

· The UE behavior needs to be defined to handle the error case in exchanging the MAC signaling and the corresponding UL HARQ-ACK.
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