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1. Introduction

In this contribution, we discuss details which will be treated for TDD UL-DL reconfiguration.
2. Discussion

The operations of a cell are largely affected by UL/DL configuration change in its neighboring cells due to the variance of interference across subframes. The operations affected by a neighboring cell’s UL/DL reconfiguration include RRM/RLM measurement, CSI reporting, HARQ operation, and so on, and each of them will be discussed in the relevant subsection. For the discussion in the subsequent sections, we use the terminology of “static subframe” and “flexible subframe”, which are defined as follows:
· Static SF: A static SF is a subframe whose duplex direction is kept for a relatively long time. In other words, it should be guaranteed that the duplex direction of a subframe declared as a static SF is not changed by the UL/DL reconfigurations at least during a certain long-enough time duration. In terms of direction, there are two types of static SF; static DL SF and static UL SF. 
· Flexible SF: The duplex direction of a flexible SF can be changed at every UL/DL reconfiguration. At a given time instance, a flexible SF has its own duplex direction (which can be changed in the next UL/DL configuration update). From the instantaneously assigned duplex direction, we can define “flexible DL SF” and “flexible UL SF.”
We note that the above definitions of static and flexible SFs are specific to each cell. In other words, different cells may have different sets of static and flexible SFs. For example, a subframe can be defined as a static SF in a cell but the same subframe may be defined as a flexible SF in another cell. Configuring all the subframes as static SFs means no dynamic UL/DL reconfiguration.

2.1. RRM/RLM measurement

Measurements for RRM/RLM use a large-size measurement window, so if a measurement target cell changes a DL SF to a UL SF while a UE performs measurement using the CRS of that cell, the measurement accuracy cannot be maintained due to the absence of CRS in a UL SF. Even when a UE knows that a certain flexible SF is configured as DL SF, it may not proper to include that flexible DL SF for the RRM/RLM measurement because such flexible DL SF may not contain CRS depending on the detailed operation in the flexible SFs, it may use lower transmission power to mitigate interference to the other cells, and it may suffer from UE-to-UE interference caused by UL transmissions in a neighboring cell. So, it is a simple and safe operation to use only the static DL SF for the RRM and RLM measurement (for general purpose; serving cell measurement, neighbor cell measurement). The measurement restriction can be implemented by reusing the signaling mechanism of the restricted measurement set introduced in Rel-10/11 (f)eICIC. The drawback to the use of this explicit signaling is that there is no way to indicate measurement set of SCell to UE, if dynamic UL-DL reconfiguration is applied to SCell where no restricted measurement has been supported in Rel-10/11. 
An additional consideration is the impact on the legacy UE’s measurement. As the legacy UE performs RRM/RLM measurement on DL subframe indicated by SIB and it does not know UL-DL reconfiguration, it is appropriate that DL subframe indicated by SIB is not reconfigured to UL subframe. In other words, DL subframe indicated by SIB cannot be included in a flexible SF set.
Observation 1: The RRM/RLM measurement should be restricted to a set of subframes that are indicated as static DL subframes. A subframe indicated as a DL subframe in SIB cannot be included in a flexible subframe set for the backward compatibility reason.

Another issue in RRM/RLM measurement is whether additional measurements to assist the network are needed or not. The DL subframes are divided into two types; static DL and flexible DL. When a UE observes inter-cell interference, static DL SFs in a neighboring cell makes a constant interference characteristic but the flexible DL SF in a neighboring cell has a variable interference characteristic due to the UL-DL reconfiguration. As the interference characteristic is different in the two DL subframe types, the eNB needs to know whether it is feasible or suitable to assign DL transmissions to a particular UE in a subframe which is configured as flexible SFs in a neighboring cell. The eNB can obtain this information from the CSI measured in the flexible SF but this increase the CSI feedback overhead. To minimize CSI measurement overhead and utilize flexible DL SF, we can consider additional measurement (e.g. RSRQ measurement) targeting the subframes configured as flexible SFs in the neighboring cells. The eNB can configure CSI reporting for these DL subframes to a UE only when the reported additional measurement indicates the feasibility of DL transmissions to that UE. In addition, the eNB can estimate the level of UE-to-UE interference which can be the basis of the ICIC for the mitigation of the UE-to-UE interference (e.g., sending a request to reduce the UE-to-UE interference to a neighboring cell).  

Observation 2: Additional measurement such as RSRQ for a set of flexible DL subframes can be considered for the signaling overhead reduction and the ICIC operation.

2.2. CSI measurement

In common with RRM/RLM measurement, the restricted CSI measurement is needed to reflect channel condition properly. The specification needs to support the measurement and report of CSI targeting a DL subframe interfered by a flexible SF (and/or static UL SF) of the interfering cell. The channel part can be measured in the static DL SFs (e.g., measuring CSI-RS transmitted in the static DL SFs) but the transmission power level may be different in the flexible DL SF and in the static DL SF as a result of DL transmit power control for the purpose of inter-cell interference coordination. For the interference part, as the interference level from the flexible SF of neighboring cell is expected to be different from that from the static DL SF of neighboring cell due to the difference in the communication directions in neighboring cells, an UE should performs at least two restricted interference measurements; interference measurement sets aligned with static DL SFs and the rest of subframes of neighboring cell, respectively. 
Based on a proper interference measurement and CSI reporting procedure, the UE reports multiple CSI, each of which reflects the targeting channel and interference condition. There are two signaling methods to indicate CSI measurement restriction; restricted measurement set in (f)eICIC and IMR configuration in CoMP operation. Both methods can be used to indicate measurement restriction. The signaling of restricted measurement set can be available to (f)eICIC-capable UEs regardless of TM, while IMR configuration is available only in TM10. 

Another consideration related to restricted CSI measurement is how single CSI process capable UEs can perform restricted CSI measurement (i.e., multiple CSI measurement) in TM10. A single CSI process capable UE can receives only one IMR configuration, and the UE needs to measure two different interferences (i.e., interference from neighbor cell’s static DL SF and the rest of subframes) for restricted measurement. If we assume 5ms of IMR configuration periodicity, there are fewer problems when the DL-to-UL switch-point periodicity of neighbor cell is 10ms. However, if the DL-to-UL switch-point periodicity is 5ms, the UE cannot measure two different interferences because the transmission direction of neighbor cell subframe corresponding IMR configuration is always the same. 

Observation 3: Multiple CSI measurements are needed to reflect different interference characteristics. 

2.3. CRS transmission and transmission mode
As discussed earlier, DL subframes in SIB cannot be a flexible SF for the backward compatibility reason. Thus, it can be assumed that a flexible DL SF is a non-backward compatible subframe which can be used only for the Rel-12 UEs. Therefore, the transmission of CRS in a flexible SF is related to the transmission mode of the UEs which understand the dynamic UL-DL reconfigurations.

For a Rel-12 UE operating based on DM RS, CRS transmission is nothing but unnecessary overhead. So, as an effort to maximize the spectral efficiency in the flexible SF, it is needed to support “no CRS transmission” in a flexible DL SF just like the NCT case.
If a Rel-12 UE operating based on CRS wants to be scheduled in a flexible DL SF, one of the following two options can be selected:

· Option 1) CRS transmission in a flexible DL SF. It should be considered that the CRS transmission power in a flexible DL SF can be reduced to mitigate the eNB-to-eNB interference.

· Option 2) Temporal transmission mode change. Any Rel-12 UE receives PDSCH based on DM RS in a flexible DL SF.

Observation 4: It needs to be decided whether CRS can be transmitted in a flexible DL subframe. It also needs to be decided which TMs can be used under the UL-DL reconfigurations. 
2.4. HARQ operation
One general issue in operating HARQ under TDD UL-DL reconfiguration is how to minimize the impact of such reconfiguration on the ongoing HARQ processes. One example of such impact is the case where a UE tries to transmit a physical channel according to the HARQ process in a UL subframe but the transmission cannot be done because that subframe is changed to DL subframe. For solving this problem, new HARQ timeline that is different from what specified by SIB can be considered. The HARQ timeline includes the time relation from DL assignment to PDSCH transmission, from PDSCH transmission to UL ACK/NACK transmission, from UL grant to PUSCH transmission, and from PUSCH transmission to PHICH/retransmission grant. One of the possible solutions is to reuse the principle of aggregating cells with different UL-DL configuration. For example, the eNB indicates additional UL-DL configuration as a new HARQ timeline, and this UL-DL configuration may have more DL SFs than UL-DL configuration by SIB. The DL SFs of this UL-DL configuration (as a new HARQ timeline) consists two types; DL SFs indicated by SIB, DL SFs which can be reconfigured from UL SF in SIB. From the ICIC perspective, as a relatively stable UL interference can be expected in the subframes configured as static UL SF in the neighboring cells, it is desirable that the UCI transmission is performed in such UL subframes for the signal reception reliability. 
Similarly, some solutions need to be considered for soft buffer partitioning for smooth DL HARQ operation across different UL-DL configurations. The maximum number of DL HARQ processes can be calculated based on UL-DL configuration indicated by SIB, and the soft buffer partitioning is based on the maximum number of DL HARQ processes. Therefore, if the UL-DL configuration is changed by dynamic UL-DL reconfiguration, the soft buffer partitioning should be adapted for new UL-DL configuration. 
Another issue of HARQ operation is about the PUCCH A/N resource concatenation corresponding to multiple DL subframes. If TDD UL-DL reconfiguration message is UE-specific and legacy UE cannot know reconfiguration, legacy UE and advanced UE may have different understanding for the number of DL subframes to transmit HARQ-ACK in one UL subframe. In addition, from the viewpoint of a single UE, it should be clarified which DL subframes are grouped for the HARQ-ACK transmission in a subframe under the UL-DL reconfiguration. 
Observation 5: The HARQ timeline under UL-DL reconfigurations can be different from what is specified by the SIB. Related issues such as soft buffer partitioning and PUCCH A/N resource concatenation corresponding to multiple DL subframes need to be considered.
2.5. UL power control
Similar to the DL subframes, as each UL subframe has a different interference characteristic depending on neighboring cell’s subframe type, an UE’s transmit power should be selected by considering neighbor cell’s subframe type. For example, UE can use higher power to cope with potential eNB-to-eNB interference in the UL subframe interfered by a flexible subframe of a neighboring cell. On the other hands, when a UL subframe is interfered by a static UL subframe of a neighboring cell, the UE can use lower power than the former. This leads to the support of multiple UL power control processes, each of which is dedicated to a set of subframes. 

Observation 6: UL power control should consider multiple interference characteristics caused by the neighboring cell’s subframe type.

2.6. Backhaul signaling for the UL-DL reconfiguration
In order for each cell to be adjust its operation, some information on the UL/DL reconfiguration of neighboring cells needs to be provided via backhaul signaling. For example, each eNB signals subframe type configuration (which consists of Static DL SF set, Static UL SF set and Flexible SF set) to neighboring eNB for indicating duplex direction. An eNB receiving those information can feed related information (e.g. confirm message, wanted configuration of eNB2, etc.) back to the eNB. Each eNB can adjust its operations (as discussed above, e.g. CSI, RRM/RLM, UL power control,…) using neighboring cell’s configuration information. For example, 
	Operations
	Examples

	RRM/RLM measurement
	Using static DL SF set of serving & neighboring cell

	CSI measurement
	Separate interference measurement can be done:

1) Static DL SF set of neighboring cell

2) Flexible SF set of neighboring cell

	UCI transmission
	Using UL subframes aligned with static UL SFs of neighboring cell

	UL power control 
	Separate power control can be done:
1) UL subframes aligned with static UL SF set of neighboring cell

2) UL subframes aligned with flexible SF set of neighboring cell


Observation 7: The signaling for configuration coordination is needed for the identification of the static subframe and flexible subframe.

3. Conclusion
In this contribution, we discuss details on TDD UL-DL reconfiguration, and our views are as follows;
Observation 1: The RRM/RLM measurement should be restricted to a set of subframes that are indicated as static DL subframes. A subframe indicated as a DL subframe in SIB cannot be included in a flexible subframe set for the backward compatibility reason.
Observation 2: Additional measurement such as RSRQ for a set of flexible DL subframes can be considered for the signaling overhead reduction and the ICIC operation.
Observation 3: Multiple CSI measurements are needed to reflect different interference characteristics.
Observation 4: It needs to be decided whether CRS can be transmitted in a flexible DL subframe. It also needs to be decided which TMs can be used under the UL-DL reconfigurations.
Observation 5: The HARQ timeline under UL-DL reconfigurations can be different from what is specified by the SIB. Related issues such as soft buffer partitioning and PUCCH A/N resource concatenation corresponding to multiple DL subframes need to be considered.
Observation 6: UL power control should consider multiple interference characteristics caused by the neighboring cell’s subframe type.
Observation 7: The signaling for configuration coordination is needed for the identification of the static subframe and flexible subframe.
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