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1. Introduction
RAN1 is working on the study item of TDD interference management and traffic adaptation [1]. In this contribution, several issues to be considered in designing TDD UL-DL reconfiguration methods were discussed. 
2. Method of TDD UL-DL resource reconfiguration
Once the eNB decides to change its UL-DL resource configuration in consideration of the traffic condition, the eNB needs to execute additional operations for the UEs to inform this configuration change. Noting that the information of UL-DL configuration of a cell is currently delivered via SIB-1, the following three methods can be considered:
· Option 1: Changing SIB
In this method, the eNB changes SIB itself to inform this reconfiguration, so the required specification change is expected to be minimal. There is a certain limitation in reconfiguring SIB (e.g., no faster than once in 640 ms due to the minimum of the SIB modification period which is given by 2*32=64 radio frames [2]) by the current specification. Beside such limitation, frequent change of SIB is not desirable from the perspective of UE measurement and HARQ operations because of the ambiguity of the related operations during the reconfiguration period. To be specific, the eNB will adopt the new UL-DL configuration when it changes its SIB but the UEs cannot recognize this change before it successfully decodes the changed SIB. As a result, the eNB and UE have different assumption on the currently adopted UL-DL configuration, which governs UE measurement and HARQ, in first several radio frames to which the changed configuration is applied. Hence, the traffic adaptation speed is expected to be the lowest in this method.
· Option 2: Additional high-layer signaling
In this method, the reconfiguration information is delivered to each UE by additional high-layer signaling. It is possible to avoid the limitation existed in changing SIB by using additional high-layer signaling, but this option still has the issue of the reconfiguration ambiguity similarly to Option 1. This reconfiguration ambiguity problem becomes more serious if the PDSCH containing the high-layer signaling is not successfully received by the UEs in the initial transmissions because the ambiguous period is extended by the necessary HARQ operation while causing additional latency in traffic adaptation. Thus, the traffic adaptation speed is not expected to be high although it has the potential to be faster than Option 1. The exact adaptation speed will be dependent of the details of high-layer signaling such as whether broadcast or unicast, whether RRC signaling or MAC layer signaling, and so on.
One issue in Option 2 is that, for the UEs which successfully received the reconfiguration signaling, the adopted UL-DL configuration differs from what SIB specifies. In other words, a subframe indicated as a DL subframe (UL subframe) by SIB can be used as a UL subframe (DL subframe) by this additional signaling. Thus the specification should provide solutions to handle this mismatch for proper operations of RLM/RRM/CSI measurement and HARQ. It is important in this option to consider the issue of the coexistence with legacy UEs that operates based on UL-DL configuration specified in SIB.
· Option 3: Physical-layer operation
In this method, UE recognizes the direction of a subframe (i.e., whether it is UL subframe or DL subframe) after performing the related physical-layer operation. We can consider two sub-options as the examples of the physical-layer operation – the cross-subframe scheduling and DCI monitoring methods. 
In the cross-subframe scheduling method, after UE decodes predefined DCI which has the capability of cross-subframe scheduling that is transmitted from eNB, UE can recognize that a subframe on a specific location is used as which communication directions. For example, if a UE receives a DL assignment in a subframe configured as DL in SIB and this DL assignment schedules PDSCH transmissions in a UL subframe which appears after the scheduling subframe, the UE can recognize that the UL subframe is now used for the DL transmissions. On the other hand, if UE receives a UL grant in a subframe configured as DL in SIB and this UL grant schedules PUSCH transmissions in the UL subframe, the UE can recognize that the UL subframe is now used for the UL transmissions.
In the DCI monitoring method, while UE is executing DCI monitoring at predefined subframe location, UE can recognize the communication direction of related subframe, based on DCI which was decoded at a specific subframe. In other words, predefined subframes where UE executes DCI monitoring mean candidate subframes which have the possibility of usage change occurrences. For example, if the specific subframe which is indicated as UL SF by SIB is designated as the subframe where UE executes DCI monitoring and DL grant is decoded at that subframe, UE can receive PDSCH from related subframe with the understanding that the UL subframe is now used for the DL transmissions. Similarly, if UE detects a UL grant which schedules PUSCH transmission in the UL subframe, it can recognize that the UL subframe is now used for the UL transmissions. Figure 1 illustrates the operation of the two methods.
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Figure 1: Examples of UL-DL resource reconfiguration by (a) cross-subframe scheduling method, and (b) DCI monitoring method
In general, the option based on physical layer operation is advantageous in that the fastest traffic adaptation is supported and no reconfiguration ambiguity problem occurs. 
The actual direction of a subframe can be different from that is indicated by SIB, so it share the same issue as Option 2 that some solutions are needed to handle the mismatch between UL-DL configuration in SIB and the actual subframe usage.
3. UE measurement for RLM, RRM, and CSI
This section discusses the issues in the UE measurement for radio link monitoring (RLM), radio resource management (RRM), and channel state information (CSI) under UL-DL reconfigurations.
In Option 1 which changes SIB according to the traffic condition, UE measurement performance can be seriously degraded during the ambiguity period caused by frequent SIB change. For example, if the eNB changes a DL subframe in the previous configuration to a UL subframe in the new configuration, the UEs will try to measure CRS in the subframe changed to a UL subframe during the ambiguity period. Such inaccurate measurement will lead to more frequent RLF, improper handover, and degraded PDSCH throughput. If a UE is capable of doing the subframe-restricted measurement which was introduced for Rel-10 eICIC, this problem can be avoided by configuring only the static DL subframes (i.e., the DL subframes not intended to be reconfigured as UL subframes) as the measurement subframe. Another issue of Option 1 is that it is difficult to apply DL transmit power control which can be effective in mitigating the inter-cell interference problem between the two cells having different communication directions [3]. This is because all the DL subframes indicated by SIB should keep the same CRS transmission power for the measurement of legacy UEs.
A common issue in Option 2 and 3 is how the UEs performs the measurement in the subframes whose direction is different from that is specified in SIB. This issue is more important from the perspective of the coexistence with legacy UEs that are not able to understand the reconfiguration signaling. If a DL subframe in SIB is changed to a UL subframe by the additional signaling, legacy UEs will suffer from inaccurate measurement as a result of no CRS transmissions. One solution is to use the MBSFN subframe configuration where the eNB configures the subframe as MBSFN subframe and uses it as a UL subframe except for the first few symbols containing CRS. Note that this solution cannot fully utilize the whole subframe due to the CRS transmission and the following Tx/Rx switching time. No issue is expected if a UL subframe in SIB is changed to a DL subframe because no UE performs measurement in such a subframe.
An additional issue of Option 2 and 3 is that CSI measurement in a subframe indicated as UL subframe in SIB. 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 in Option 2 and 3 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.
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 (receive) a physical channel according to the HARQ process in a UL subframe (DL subframe) but the transmission (reception) cannot be done because that subframe is changed to DL subframe (UL subframe). In general, this impact will cause increased latency in HARQ operations and reduce the performance benefit of traffic adaptations. 

Option 1 seems to have the most serious problem with regard to this issue because changing SIB implies resetting the overall HARQ operations with terminating the ongoing HARQ processes. For example, if the number of UL subframes is reduced by the SIB change, some PUSCH transmissions erroneously received in the previous configuration cannot be corrected in the new configuration because there is no HARQ process which can be used for the retransmission. High-layer ARQ may be triggered to recover these PUSCH errors but this will happen after a relatively high latency.
Some solutions can be found if Option 2 or 3 is adopted. This means that Option 2 and 3 requires HARQ timeline that is different from what specified by SIB. 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. If Option 2 or 3 is adopted and some of the HARQ timeline can be changed from what specified in SIB, it becomes possible to solve the above-mentioned problem, i.e., some PUSCH transmissions erroneously received in the previous configuration can be corrected by the retransmissions in the new configuration even though the new configuration has less UL subframes than the previous one. Similarly, some solution needs to be considered for soft buffer partitioning for smooth DL HARQ operation across different UL-DL configurations. In designing the solutions for HARQ operations, to provide legacy UEs with continuous communication service, at least one HARQ process specified by SIB should be kept after the reconfiguration. 
5. Summary
This contribution listed three methods for the UL-DL reconfiguration for the traffic adaptation – changing SIB, using additional high-layer signaling, and using physical-layer operation. This contribution also provided some high level discussions about the issues that need to be considered in each method in terms of RLM/RRM/CSI measurement and HARQ operations. Based on the discussion, the following observations are made.

Observation 1: From the perspectives of UE measurement and HARQ operations, SIB based method has the most serious problem when it is compared with higher-layer signaling based method and physical-layer operation based method. Therefore, SIB based method cannot be a feasible solution for TDD UL-DL resource reconfiguration.
Observation 2: In higher-layer signaling based method and physical-layer operation based method, change of DL subframe in SIB into UL subframe is not effective especially because of measurement problems of legacy UEs.
Observation 3: In order to provide minimum guarantee of normal measurement and HARQ operations, higher-layer signaling based method and physical-layer operation based method commonly require several static DL and UL subframes in which the communication direction is not influenced by TDD UL-DL resource reconfiguration.

Observation 4: Given that the issues of measurement and HARQ operations are handled properly, the only difference between higher-layer signaling based method and physical-layer operation based method is how to indicate the change of the actual subframe usage. As for this indication, physical-layer operation based method is more effective than higher-layer signaling based method which has reconfiguration ambiguity and relatively longer reconfiguration period.
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