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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
There still remain multiple candidates for the UL-DL reconfiguration signaling methods, each of which has pros and cons as discussed in [2]. However, irrespective of the final selection of the signaling method, we can find one commonality that a UE receives at least one more UL-DL configurations indicated by the dynamic UL-DL reconfiguration signaling, which can be different from what is indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell). Thus, the UE needs to handle this situation of seeing multiple UL-DL configurations because lots of UE behavior is dependent of the duplex direction of each subframe. This contribution discusses such UE behavior from several aspects including RRM/RLM measurements, changeability of special subframes, and HARQ operations. Topics related to the ICIC operations (e.g., CSI measurement and UL power control) are discussed in the companion paper [3].
2. RRM and RLM measurements
A WF was presented in [4] to make a decision on the RRM/RLM measurement of a UE connected to a cell operating dynamic UL-DL reconfigurations. One motivation was to keep the current RRM/RLM operations, which are based on DL and special subframes indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell), at least for the mobility management purpose. 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 discussed above. 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 1: 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).
Taking Proposal 1 implies that only a UL subframe indicated by SIB1 can change its duplex direction by the dynamic signaling. As a result, the interference condition experienced by PDSCH can be different across subframes. For example, under the assumption that all the cells have the same UL-DL configuration in terms of SIB1 signaling, PDSCH in DL subframes by SIB1 is interfered by the transmissions from neighboring eNBs while PDSCH in UL subframes by SIB1 can be interfered by the transmissions from UEs in the neighboring cells. This leads to the introduction of the subframe-dependent CSI measurement and feedback in order to operate DL link adaptations properly as discussed in detail in [3]. One issue to be considered is how an eNB can know the feasibility or necessity of such subframe-dependent CSI for each UE. If a UE is located in the cell center, PDSCH would not suffer from interference either from the neighboring eNBs or other cell UEs, so such subframe-dependent CSI will be unnecessary. On the other hand, if a UE is too close to a neighboring cell UE, there will be very strong UE-UE interference which makes PDSCH reception infeasible in a subframe which can be potentially used as UL in the neighboring cell. All this knowledge can be obtained if every UE is configured with the above-mentioned subrame-dependent CSI measurement and report, but this will incur high CSI feedback overhead as well as UE CSI measurement complexity, considering the fact that multiple neighboring cells may independently change UL-DL configurations and the number of different interference conditions will be determined by the combination of duplex directions of neighboring cells. Figure 1 illustrates the case where two neighboring cells make four different interference conditions depending on the instantaneous UL-DL configurations.
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Figure 1. An illustration of multiple interference conditions in a subframe whose duplex direction can be dynamically changed.

Having additional long-term measurements can alleviate the above-mentioned problem. If the eNB has the knowledge about the subframe-dependent CSI reporting is necessary and feasible for which UE in which interference circumstance, it becomes possible for the eNB to configure the CSI reports only for the identified UEs in the useful interference conditions. As the conventional RRM measurement already reflects the interference condition in static DL subframes by Proposal 1, the additional long-term measurement can target those that can change the duplex direction, i.e., subframes indicated as UL by SIB1, focusing on the measurement of the long-term interference characteristics (e.g., RSSI measurement).
Proposal 2: Additional long-term measurement on the flexible subfarmes is needed to aid the eNB’s CSI report configuration towards each UE.
Regarding 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 [5] 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 3: 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. Changeability of a special subframe
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 [6].
· 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, the ECCE-to-EREG mapping is different in some special subframe configurations, so 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 of the DwPTS indicated by SIB1 or RadioResourceConfigCommonSCell IE. It cause no backward compatibility issue to skip the CRS transmission outside of the DwPTS, but the necessity of such partial CRS transmissions seem to need further discussions.
Changing a DL subframe to a special subframe does not seem to be necessary if Proposal 1 is agreed. This is because such change implies that a DL subframe is now configured as a UL subframe in subframe 7, which is against Proposal 1.
Proposal 4: 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. HARQ operation
Dynamic UL-DL reconfigurations naturally create frequent discontinuity in the actually used UL-DL configurations. So, if the HARQ timeline is also changed along with the UL-DL reconfigurations, it becomes difficult to define PUSCH and UL HARQ-ACK transmission timing when the corresponding UL grant and PDSCH are transmitted in a radio frame with a UL-DL configuration other than the currently used one.
A WF was submitted in RAN1#72bis to address the problem of the HARQ timeline discontinuity [7]. By configuring a “HARQ reference configuration,” the eNB and UE can keep a semi-static HARQ timeline irrespective of the UL-DL configuration change indicated by the dynamic signaling. Also, having such a HARQ reference configuration is robust against any error in the UL-DL reconfiguration signaling because of the independency of HARQ timeline and the actual UL-DL configuration. Figure 2 illustrates an example of having such HARQ reference configuration, and UL-DL configuration #1 and #2 are taken as UL and DL reference configurations, respectively.
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Figure 2. An example of UL and DL HARQ reference configurations.

With regard to the reference configuration for UL HARQ, no UL subframe indicated by SIB1 or RadioResourceConfigCommonSCell IE can be changed to a UL subframe if Proposal 1 is adopted. This means that the UL-DL configuration indicated by SIB1 corresponds to the one having the super set of UL subframes among the candidate UL-DL configurations. Therefore, it is straightforward to take the SIB1-indicating UL-DL configuration as the UL HARQ reference. An additional indication is needed for DL HARQ reference configuration, and this reference configuration should have the maximal DL subframes among the candidate UL-DL configurations. In other words, a UL subframe in the DL HARQ reference configuration cannot be used for PDSCH transmissions because no UL HARQ-ACK timing is defined. In case of carrier aggregations, this HARQ reference configuration is first determined for each serving cell, and, if the reference configurations are different in PCell and SCell, then the UE can derive the final reference configuration for each cell’s UL and DL HARQ by using the existing table which determines HARQ timeline of PCell and SCell. With the introduction of such separated DL and UL HARQ reference configurations, some HARQ-related issues need further consideration as discussed in [6].
Proposal 5: For each serving cell, UL HARQ reference configuration is the configuration indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell). DL HARQ reference configuration of each serving cell is indicated by high layer signalling.
5. Conclusion
This contribution discussed the necessary change in the UE behaviors to support dynamic TDD UL-DL reconfigurations. The discussions were focused on the issues in RRM/RLM measurements, operations in special subframes, and HARQ. The following was proposed as a conclusion of the discussion:
Proposal 1: 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 2: Additional long-term measurement on the flexible subfarmes is needed to aid the eNB’s CSI report configuration towards each UE.
Proposal 3: 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 4: 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.

Proposal 5: For each serving cell, UL HARQ reference configuration is the configuration indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell). DL HARQ reference configuration of each serving cell is indicated by high layer signalling.
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� We note that the issue of changing a special subframe to a DL subframe can be specific to the case of explicit signaling for UL-DL reconfigurations.
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