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1. Introduction
An working assumption was agreed in RAN1#73 that TDD UL-DL configuration can be dynamically changed by means of (E)PDCCH as follows:
· 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 details of TDD UL-DL reconfiguration message based on the above working assumption. The issue of scheduling timing and HARQ timing is discussed in [1].
2. Details of explicit L1 signaling of reconfiguration
As per the working assumption, a group of UEs monitor a common (E)PDCCH to receive reconfiguration signaling. So, the common search space is a natural choice for the search space of this L1 signaling. CSS may not be reliable in some subframes due to inter-cell interferences, but for the UE connectivity, at least some subframes should be reserved for reliable CSS detections in any cell. Since the reconfiguration signal needs to be transmitted only in a few subframes (at most once in 10 ms), using CSS seems sufficient for this purpose. Also, it is not desirable to increase the number of blind decodes only in some selected subframes where the reconfiguration signal is transmitted. Additional blind decodes can be avoided if the reconfiguration signal uses the DCI whose length is the same as those of DCI format 0 or DCI format 1C in CSS. The reconfiguration signal can be differentiated from the existing DCIs by using a different RNTI which is configured by the eNB.
Proposal 1: L1 signaling of UL-DL reconfiguration is transmitted on common search space. The DCI format for this UL-DL reconfiguration signal has the same as DCI format 0 or DCI format 1C in CSS. eNB configures each UE with an RNTI to be used to decode the DCI containing the UL-DL reconfiguration signal.
Although the new DCI is transmitted on CSS and received by a group of UEs, the content (here, the indicated UL-DL configuration) does not need to be the same for all the UEs. Rather, it is desirable to have a UE-specific interpretation of the received DCI. This is because different UEs may be associated with different cells or TPs when CA or CoMP is configured. We note that such a UE-specific interpretation of a UE-group-common DCI is the principle used in DCI format 3/3A: Although a group of UEs receive the same DCI format 3/3A, each UE derives TPC command relevant to itself from different bit location in the commonly received DCI. Following the same principle, the new DCI for UL-DL reconfiguration can be designed as illustrated in Figure 1. The DCI delivers a concatenation of multiple UL-DL configurations, each of which is associated with a certain cell/TP by the eNB configuration which was informed to the UE before the new DCI monitoring begins. Then, each UE detects the UL-DL configuration of the relevant cell/TP according to the eNB configuration and the received DCI. By this operation, a CA-configured UE can be informed of the UL-DL configuration of each component carrier, a CoMP-configured UE can be informed of the UL-DL configuration of each TP within its CoMP measurement set, and even a non-CoMP/non-CA UE can be informed of a neighboring cell’s configuration which can be used for CSI measurement as discussed in [2]. We note that one UL-DL configuration in the DCI may be associated with multiple TPs/cells by the eNB configuration if those TPs/cells always have the same UL-DL configuration.
Proposal 2: The new DCI for UL-DL reconfiguration delivers a concatenation of multiple UL-DL configurations. Each UL-DL configuration is associated with a certain cell/TP by the eNB configuration.
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Figure 1. Illustration of the new DCI for UL-DL reconfiguration.

The new DCI for UL-DL reconfiguration is not expected to be transmitted in every DL subframe because the maximum rate of reconfiguration is once in 10 ms. Thus, it needs to be defined which subframe is used for the transmission of this new DCI, and the UE does not need to monitor it in the other DL subframes to avoid unnecessary false alarm. Basically, the UL-DL reconfiguration speed is dependent of various factors such as the backhaul link speed, the adopted ICIC schemes, the expected traffic fluctuations, and the portion of legacy UEs that are unable to understand this configuration change. Given that the UL-DL reconfiguration using L1 signaling is already something UE-specifically configured even for the Rel-11 UEs, it seems beneficial to allow the network configurability in determining the subframes where the reconfiguration DCI is transmitted. In other words, each eNB can configure the period and offset of the subframes for the reconfiguration DCI transmission. The period can be determined based on the reconfiguration speed considering the above-mentioned factors. The offset can be determined such that the reconfiguration DCI transmission can avoid inter-cell interference, e.g., by considering ABS configuration of the neighboring cells or by staggering the reconfiguration signal subframes in neighboring cells.
Proposal 3: eNB configures the period and offset of the subframes used for the transmission of the new DCI for UL-DL reconfiguration.
3. UE operations related to the explicit reconfiguration signaling

With the introduction of the new L1 signaling for UL-DL reconfiguration, some new UE operations need to be considered in order to complete the dynamic TDD UL-DL reconfiguration. Several issues are discussed in the subsequent subsections.
3.1. Network monitoring and control signal reception
After decoding the new DCI for UL-DL reconfiguration, UE sees two different definitions on DL and UL subframes: One is the definition according to the UL-DL configuration in SIB and the other is that given by the new DCI. Usual (E)PDCCH/PDSCH/PUSCH-related UE operations can follow the definition given by the new DCI. For example, a UE monitors (E)PDCCH and PDSCH only in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI for UL-DL reconfiguration. The same applies to UL grant monitoring, and a UE discards a detected UL grant if it schedules PUSCH transmission in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI. This behavior can avoid unnecessary false alarm and misbehavior of the UE.
Proposal 4: UE monitors (E)PDCCH and PDSCH only in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI for UL-DL reconfiguration. UE discards a detected UL grant if it schedules PUSCH transmission in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI
Regarding the long-term measurement including RLM and RRM, however, the definition of UL and DL subframes by the new DCI is not suitable. The reason is that, as the measurement window of RRM/RLM is relatively long (e.g., 200 ms) in comparison to the time scale of UL-DL reconfigurations, including the dynamic changes of the duplex direction in the measurement complicates the UE implementation and makes RRM/RLM measurement vulnerable to any error in the dynamic reconfiguration signaling if explicitly defined. Thus, it is straightforward to keep the conventional RRL/RLM operations whose mobility management operations have been well proved. Another important aspect is maintaining the backward compatibility. Legacy UEs perform RRM/RLM measurements based on the UL-DL configuration indicated by SIB1, so changing a DL subframe indicated by SIB1 to a UL subframe will jeopardize legacy UE’s measurement. One may claim that the backward compatibility can be still maintained if the concerned DL subframe is configured as an MBSFN subframe, but this implies that a new PUSCH/PUCCH format is necessary because first a few OFDM symbols should transmit CRS. Introducing such a new PUSCH/PUCCH format will cause significant specification work, but the benefit of operations is unclear to justify the required specification work. Thus, it seems reasonable to have the restriction that a subframe indicated as DL by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell) should not be changed to a UL subframe. We note that this restriction is also helpful in keeping the conventional RRM/RLM measurement. We also note that the discussions so far are for the backward compatible carrier type, and the issues for the new carrier type needs to be discussed later based on more concrete decisions on the operation of the new carrier type.
Proposal 5: For a cell in the backward compatible carrier type, a subframe configured as DL subframe in SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell) should not be changed to a UL subframe. For a serving cell, conventional RRM/RLM measurement is limited to the subframes indicated as DL subframe and special subframe by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell).
As for the neighboring cell RRM, the UE measurement is basically the same as that for the serving cell, i.e., the measurement is limited to the subframes whose direction is not changed dynamically. Here, we need to consider the fact that the serving cell can provide some information about the neighboring cells’ UL-DL configurations. To be specific, NeighCellConfig IE is defined in [3] with the following descriptions:

	NeighCellConfig field descriptions

	neighCellConfig
Provides information related to MBSFN and TDD UL/DL configuration of neighbour cells of this frequency

00: Not all neighbour cells have the same MBSFN subframe allocation as the serving cell on this frequency, if configured, and as the PCell otherwise
10: The MBSFN subframe allocations of all neighbour cells are identical to or subsets of that in the serving cell on this frequency, if configured, and of that in the PCell otherwise

01: No MBSFN subframes are present in all neighbour cells

11: Different UL/DL allocation in neighbouring cells for TDD compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise
For TDD, 00, 10 and 01 are only used for same UL/DL allocation in neighbouring cells compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise.


One reason to provide this information is to indicate the location of DL subframes so that the UE can determine which subframes can used for the neighboring cell RRM measurement. Now that the serving cell as well as the neighboring cell may change the UL-DL configurations by the dynamic signaling, the meaning of “same UL/DL allocation” and “different UL/DL allocation” need to be clarified. As this information is used mainly for the RRM measurement, the UL/DL configuration here can be interpreted as the configuration seen from the RRM measurement viewpoint, in other words, it is understood as the indication of static DL (and special) subframes.
Proposal 6: Neighboring cell RRM measurement is limited to the subframes whose direction is not changed dynamically. Clarification is needed for the information on the neighboring cell’s UL-DL configuration.
3.2. Fallback operation

As captured in the working assumption, some discussion took place in RAN1#73 with regard to the fallback operation in case where UE does not receive the DCI for UL-DL configuration. UE misses the UL-DL configuration message in the following two cases:
· CRC check of the reconfiguration DCI fails.

· UE wakes up from the short DRX duration but the relevant reconfiguration DCI was transmitted before the UE wakes up (Figure 2).
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Figure 2: An example of missing the UL-DL reconfiguration DCI when a UE wakes up from the short DRX.
When a UE misses the reconfiguration message, a kind of fallback operation needs to be performed at the UE for the safety of the overall system. In principle, the UE shall assume the most conservative UL-DL configuration in doing each operation. For the DL-related operations including (E)PDCCH/PDSCH monitoring and CSI measurement, the UE shall assume that only the subframes that cannot be changed to UL are configured to be DL subframes. In other words, in a subframe which may be changed to UL by the reconfiguration message, UE shall not monitor (E)PDCCH/PDSCH or measure CSI. If Proposal 5 is agreed, the UL-DL configuration in SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell) is the most conservative configuration from the DL operation perspective. Similarly, from the UL-related operation perspective, UE shall assume that only the subframes that cannot be changed to DL are configured to be UL subframes. If a DL-HARQ reference configuration in [1] is adopted, UL subframes in this configuration cannot be changed to DL, so UE discards UL grant which schedules PUSCH transmissions in DL or special subframe in the DL-HARQ reference configuration.
Proposal 7: When a UE misses the DCI for UL-DL configuration, a fallback operation is performed such that the most conservative configuration is assumed in the related operation: DL-related operations assume UL-DL configuration in SIB1 or RadioResourceConfigCommonSCell IE, and UL-related operations assume UL-DL configuration of the DL-HARQ reference configuration.
3.3. Changeability of UL-DL switching period
Although the UL-DL configuration of a cell can be dynamically changed, it is not agreed whether the configuration change includes the change of the UL-DL switching period. One motivation to allow such UL-DL switching period change is to make use of the DL-heaviest configuration, UL-DL configuration #5, when the SIB1 indicates a UL-DL configuration having 5 ms switching period. This switching period change requires the subframe type change between a special subframe and a DL subframe. A couple of issues need to be discussed to define proper UE behaviors under such subframe type change. More detailed discussion can be found in [4].

· PDSCH/EPDCCH RE mapping: It needs to be decided whether PDSCH/EPDCCH is mapped to the OFDM symbols configured as guard period or UpPTS by SIB1 or RadioResourceConfigCommonSCell IE. For EPDCCH, ECCE-to-EREG mapping is different in some special subframe configurations, so a proper UE behavior also needs to be defined.

· DM RS pattern: A special subframe has different DM RS pattern than that of a DL subframe. Thus, it needs to be decided which DM RS pattern is used if a special subframe is changed to a DL subframe.

· CRS transmissions: Some CRS symbols may be located outside the DwPTS indicated by SIB1 or RadioResourceConfigCommonSCell IE. It causes no backward compatibility issue to skip the CRS transmission outside of the DwPTS, but the necessity of such partial CRS transmissions in a DL subframe seem to need further discussions.

Changing a DL subframe in SIB1 to a special subframe does not seem to be necessary if Proposal 5 is agreed. This is because such change implies that a DL subframe in SIB1 is now configured as a UL subframe in subframe 7, which is against Proposal 5.

Proposal 8: UE behavior needs to be clarified in terms of PDSCH/EPDCCH RE mapping, DM RS pattern, and CRS transmission if a special subframe is changed to a DL subframe.
4. Conclusion
This contribution first discusses the details of the L1 signaling for UL-DL reconfiguration. The following proposals were made for the new DCI for UL-DL configuration message:
Proposal 1: L1 signaling of UL-DL reconfiguration is transmitted on common search space. The DCI format for this UL-DL reconfiguration signal has the same as DCI format 0 or DCI format 1C in CSS. eNB configures each UE with an RNTI to be used to decode the DCI containing the UL-DL reconfiguration signal.

Proposal 2: The new DCI for UL-DL reconfiguration delivers a concatenation of multiple UL-DL configurations. Each UL-DL configuration is associated with a certain cell/TP by the eNB configuration.
Proposal 3: eNB configures the period and offset of the subframes used for the transmission of the new DCI for UL-DL reconfiguration.
In addition, several new UE operations were discussed in relation to the newly introduced UL-DL reconfiguration message. The following was proposed to complete the UE behavior in network monitoring, the fallback operation, and the change of UL-DL switching period:

Proposal 4: UE monitors (E)PDCCH and PDSCH only in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI for UL-DL reconfiguration. UE discards a detected UL grant if it schedules PUSCH transmission in a subframe which is indicated as DL or special subframe in the associated cell/TP by the new DCI
Proposal 5: For a cell in the backward compatible carrier type, a subframe configured as DL subframe in SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell) should not be changed to a UL subframe. For a serving cell, conventional RRM/RLM measurement is limited to the subframes indicated as DL subframe and special subframe by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell).
Proposal 6: Neighboring cell RRM measurement is limited to the subframes whose direction is not changed dynamically. Clarification is needed for the information on the neighboring cell’s UL-DL configuration.
Proposal 7: When a UE misses the DCI for UL-DL configuration, a fallback operation is performed such that the most conservative configuration is assumed in the related operation: DL-related operations assume UL-DL configuration in SIB1 or RadioResourceConfigCommonSCell IE, and UL-related operations assume UL-DL configuration of the DL-HARQ reference configuration.
Proposal 8: UE behavior needs to be clarified in terms of PDSCH/EPDCCH RE mapping, DM RS pattern, and CRS transmission if a special subframe is changed to a DL subframe.
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