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1. Introduction

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

For convenience, if the eNB changes a DL subframe (indicated by SIB) to a UL subframe by one of the reconfiguration mechanisms (discussed in [1]), this subframe is called “DU SF” in this contribution. And “UD SF”, “UU SF” and “DD SF” mean the subframe changed from UL to DL, from UL to UL and from DL to DL, respectively.
2.1. CRS transmission and transmission mode
The eNB-to-eNB interference is that DL signal of an eNB make an impact on UL signal reception of neighbor eNBs. One of the solutions to mitigate eNB-to-eNB interference is a DL transmission without CRS, and it may also decrease interference by proper beam selection. In TDD UL-DL reconfiguration, if the eNB configures UD SF to UEs, neighbor eNB (which configures an UL SF in that time) receives eNB-to-eNB interference. Therefore, UD SF without CRS could be considered for TDD UL-DL reconfiguration.
Regarding CRS transmission in UD SF, we should decide or consider followings;
· Whether CRS is transmitted in UD SF or not

· The DL transmission without CRS has a beneficial on interference coordination between neighbor cells, and it is needed for supporting MBSFN and NCT in UD SF. On the other hands, if neighbor cell’s transmission direction is also DL, CRS transmission does not make an eNB-to-eNB interference. So configurability of CRS transmission could be considered for supporting various transmission schemes on UD SF.
· Whether an UE which operates on CRS-based TM can use the UD SF (which has no CRS) or not
·  As mentioned above, the DL transmission without CRS could be considered as eNB-to-eNB interference mitigation scheme in UD SF. Then, the question is which UE can use this UD SF (which has no CRS). One possible way is that only an UE configured DMRS-based TM in DD SF can use this UD SF. Another way is that all the UEs (regardless of configured TM in DD SF) can use this UD SF, and an UE configured CRS-based TM performs DMRS-based demodulation in UD SF. 
Observation 1: It needs to be decided whether CRS can be transmitted in a DL subframe which is indicated as a UL subframe in SIB. It also needs to be decided which TMs can be used under the UL-DL reconfigurations. 
2.2. RRM/RLM measurement
This section discusses the issues in UE measurement for radio link monitoring (RLM) and radio resource management (RRM) under UL-DL reconfigurations. 
If the subframe usage is changed from UL (indicated by SIB) to DL, this subframe may have different power from DD SF. Moreover, as mentioned above, CRS may be not included in UD subframe for eNB-to-eNB interference mitigation. So, it is desirable that UD subframes are excluded from RRM/RLM measurement set (for general purpose; serving cell measurement, neighbor cell measurement). 
Two methods could be considered for indicating/deriving a measurement set under dynamic UL-DL reconfigurations; explicit and implicit measurement restriction. The implicit measurement restriction means that the UE performs RRM/RLM measurement on only DD SFs, and DD SFs used for measurement can be pre-determined or identified by the UE. The explicit 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 doesn’t know UL-DL reconfiguration, it is appropriate that DL subframe indicated by SIB is not reconfigured to UL subframe.
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 dynamic DL. The static DL means subframes which have a constant interference characteristic, and the dynamic DL subframe means subframes which have a variable interference characteristic due to the UL-DL reconfiguration in the neighboring cells. 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 the dynamic DL subframes. Additional CSI reporting can be used to inform the link quality of dynamic DL subframes, but such an additional CSI reporting requires more signaling and reporting overhead. To minimize overhead and utilize dynamic DL subframe, we can consider additional measurement (e.g. RSRQ measurement) in dynamic DL subframes. The eNB can configure CSI reporting for the dynamic DL subframe to a particular UE only when it identifies the feasibility of using the dynamic DL subframe for that UE on the basis of such additional measurement report. This operation can reduce the signaling and reporting overhead of CSI as well as is expected to be helpful in doing ICIC between the cells operating dynamic UL-DL reconfigurations (e.g., identification of high UE-to-UE interference).  
Observation 2: The RRM/RLM measurement should be restricted to a set of subframes that are indicated as DL subframes both in SIB and the UL-DL reconfiguration signal (if exists). A subframe indicated as a DL subframe in SIB cannot be reconfigured to a UL subframe.

Observation 3: Additional measurement such as RSRQ for a set of dynamic DL subframes can be considered for the signaling overhead reduction and the ICIC operation.

2.3. 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 subframe indicated as UL subframe in SIB. The channel part can be measured in the static DL subframes (e.g., measuring CSI-RS transmitted in the static DL subframes) but the transmission power level may be different in the “additionally configured” DL subframe (indicated as UL subframe in SIB) and in the “static” DL subframe as a result of DL transmit power control for the purpose of inter-cell interference coordination. For the interference part, as the interference level in the “additionally configured” DL subframe is expected to be different from that in the “static” DL subframe due to the difference in the communication directions in neighboring cells, the interference measurement requires some measurement references configured in a subframe indicated as UL subframe in SIB. 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 DL transmission and UL transmission) 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 4: Multiple CSI measurements are needed to reflect different interference characteristics. 
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.
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.
3. Conclusion
In this contribution, we discuss details on TDD UL-DL reconfiguration, and our views are as follows;
Observation 1: It needs to be decided whether CRS can be transmitted in a DL subframe which is indicated as a UL subframe in SIB. It also needs to be decided which TMs can be used under the UL-DL reconfigurations.
Observation 2: The RRM/RLM measurement should be restricted to a set of subframes that are indicated as DL subframes both in SIB and the UL-DL reconfiguration signal (if exists). A subframe indicated as a DL subframe in SIB cannot be reconfigured to a UL subframe.

Observation 3: Additional measurement such as RSRQ for a set of dynamic DL subframes can be considered for the signaling overhead reduction and the ICIC operation.
Observation 4: Multiple CSI measurements are needed to reflect different interference characteristics. 
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.
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