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1 Introduction
In RAN1#72, signaling mechanisms for TDD UL-DL reconfiguration were discussed with the following agreements.

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· Alternative 1 below is agreed.
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
Note:    “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats

According to the agreements, further discussion is needed to down select among the following methods. In this contribution, our views on these alternatives are shown.
· PHY signaling
· Implicit signaling based on UL grant

· Explicit signaling based on existing or new DCI formats

· UE specific signaling
· Common signaling

· MAC signaling
2 Discussions
2.1 PHY signaling
PHY signaling supports reconfiguration of TDD UL-DL per radio frame. Several design alternatives can be considered, e.g. implicit or explicit signaling, UE specific or common signaling, etc. The pros and cons of each alternative are discussed in this section.
2.1.1 Implicit vs. explicit signaling
As proposed in [1], with the implicit method, UE should always assume a flexible subframe as downlink unless a corresponding UL grant is received. This method is favored in terms of signaling overhead. However, several issues are identified.
· Increased UE power consumption for PDCCH blind decoding. Since the UE is not aware of the actual UL-DL configuration used in the radio frame, it should perform PDCCH/EPDCCH decoding assuming all flexible subframes are downlink, which increases the UE power consumption. For example, for a cell with UL-DL configuration #0 configured in SIB1 and enabled with TDD eIMTA, a UE should monitor PDCCH/EPDCCH in subframes {0,1,3,4,5,6,7,8,9} with the implicit signaling method. This will results in over 100% higher power consumption for PDDCH/EPDCCH blind decoding compared to the explicit signaling method where the UE is only required to monitor PDCCH/EPDCH in subframes {0,1,5,6} when signaled as UL-DL configuration #0.
· CSI measurements in flexible subframes. In a system enabled with TDD eIMTA, interference can vary significantly between fixed and flexible subframes. Hence, subframe dependant CSI measurements can be motivated [2][3][4]. However, as discussed in [2][5], the UE is not able to measure CSI properly on flexible subframes when not scheduled, since the UE is not aware of the transmission direction of the subframe. In addition, since a UE may perform interference averaging across multiple subframes, it cannot be avoided that a UE averages the interference measured from flexible subframes with different transmission directions, which makes the CSI less accurate for the eNB scheduler.
· False alarm issue for UL grant. A UE may falsely transmit in a flexible subframe when an UL grant is decoded due to CRC false alarm. Assuming 20 UEs are in the state of DRX ON duration within the cell, the UL false alarm probability is around 20 * 2-16 * 48 = 1.46% when UL MIMO is configured, which is not negligible. In a legacy system, the UL false alarm causes uplink-to-uplink interference, i.e. a UE’s false transmission interferes the eNB reception of another UE. However in TDD eIMTA, the UL false alarm causes uplink-to-downlink interference, i.e. a UE’s false transmission interferes another UE’s reception in the downlink. Although the false alarm probability for the two cases is similar, the uplink-to-downlink interference in the latter case is even more harmful to the system due to the following reasons: 1) TDD eIMTA is mainly deployed in small cells, in which the UEs attached to the same cell can be closer to each other; 2) According to the working assumption made in RAN1#72bis [6], the UE transmission power can be adjusted to a higher level to overcome the eNB-to-eNB interference from neighbor cells, which at the same time causes more UE-to-UE interference when UL grant is false detected.
· Special subframe handling. From downlink throughput point of view, it is beneficial to include TDD UL-DL configuration #5 in traffic adaptation [7]. In this case, the subframe #6 becomes reconfigurable between a normal downlink subframe and special subframe. With implicit signaling, the UE is not aware of the current UL-DL configuration thus does not know the format of subframe #6, which causes problems with PDSCH and EPDCCH reception. A solution is that subframe #6 is always regarded as special subframe but this would decrease downlink throughput.
In explicit signaling most of the above issues does not exist (PDCCH blind decoding, CSI measurement, special subframe handling) but the signaling overhead can be increased. The amount of additional overhead depends on the solutions adopted, i.e. common or UE-specific explicit signaling. Given the number of UEs that needs to be scheduled simultaneously is low in small cells, even UE-specific explicit signaling will not require too much overhead. Regarding the false alarm issue, the explicit signaling method can also reduce the overall UL false alarm probability, since the transmission direction of the flexible subframe is known by the UE, as otherwise the UE shall assume UL grants may be transmitted for all flexible subframes. In addition, explicit signaling also reduces the harmful consequence of UL grant false alarm since UE will not transmit in a subframe which is indicated as downlink in the explicit signaling. Therefore we have following observation:

Observation 1: 
Explicit signaling on TDD UL-DL reconfiguration is preferred.
2.1.2 Common vs. UE specific signaling
In the current system, the UL-DL configuration is common within a cell. It is natural to follow this principle in designing TDD eIMTA. With common signaling, lower overhead can be achieved compared to UE specific signaling. Higher reliability can also be obtained with common signaling since UE specific PDCCH normally has a much larger DCI size than common PDCCHs.
On the other hand, it was discussed that UE specific signaling can enable different UL-DL configuration in RRH deployments with ideal backhauling and shared cell ID (e.g. CoMP scenario 4 without macro coverage on the same carrier). Such deployment scenarios provide benefit for more efficient coordinated scheduling, common channel interference mitigation as well as mobility management. All of these assume that the coverage of different transmission points shall overlap to a large extent, which means the coupling between the transmission points can be strong. However, it is not feasible to apply different UL-DL configuration in strongly coupled neighbor cells, according to the studies of interference mitigations. Therefore CoMP scenario 4 with different UL-DL configurations in each transmission point is not an important deployment scenario to be supported in TDD eIMTA.
It was also discussed that UE specific signaling can be beneficial for UL-DL reconfiguration in carrier aggregation since Scell is configured in a UE specific way. The UL-DL reconfiguration on Scell can also be supported with common signaling if UEs are allowed to monitor common PDCCHs on the Scell at the cost of increased PDCCH blind decodings. However, more additional specification work is required.
Therefore we have following observation

Observation 2: 

Both common and UE specific signaling for UL-DL reconfiguration should be studied. Common signaling has lower overhead and higher reliability but may need additional work to support UL-DL reconfiguration on Scell.
2.1.3 Design of explicit signaling
In this section the design of common and UE specific explicit signaling for UL-DL reconfiguration is discussed. 
Common signaling
For better signaling reliability as well as considering blind decoding, 3 bits in a DCI (e.g. DCI format 1E) with the same size as 1C can be utilized to indicate the UL-DL configuration in the radio frame. A new RNTI for DCI scrambling can also be defined. The DCI format 1E can be transmitted in CSS in a fixed downlink subframe which is pre-known by the UE, e.g. subframe #0. Further, the UE behavior when the DCI format 1E is not detected can be defined, for example, the UE should follow the SIB-1 UL-DL configuration in the radio frame in this case.
Design of UE specific signaling
The most straightforward way to support UE specific signaling is to include 3 bits for UL-DL reconfiguration in all existing UE specific DCIs when a UE is enabled with TDD eIMTA. However, with this method, UE may not be able to know the existing UL-DL configuration when not scheduled by the eNB. Hence, similar problems as discussed in section 2.1.1 with the implicit signaling method exist. Therefore this method is not preferred.
In order to avoid the above problems, the indication of UL-DL reconfiguration should be de-coupled from normal DL/UL scheduling grants. A UE specific DCI format dedicated for indicating UL-DL reconfiguration can be considered. As one example, DCI format 1A can be used for indicating UL-DL reconfiguration and a specific rule can be defined so that a UE can differentiate the DCI format from conventional format 1A and no additional blind decoding is required. This can be similar as the method used for triggering random access with DCI format 1A. With this method, UE assumes the current UL-DL configuration is not changed compared to the previous one unless reconfigured by the DCI format described above. In addition, it should be defined that new UL-DL reconfiguration is applied only at the radio frame boundary.
2.2 MAC signaling
MAC signaling is also considered as a feasible method for TDD UL-DL reconfiguration, with the target reconfiguration time scale of several tens of ms. In [7], it is shown that the throughput performance by MAC signaling is very closed to PHY signaling methods. However, several issues should be considered for this method. The first is how to solve the ambiguity between eNB and UE on the understanding of the current UL-DL configuration. A timing at which new UL-DL configuration takes effect can be specified, e.g. K subframes after the PDSCH carrying the MAC signaling is transmitted. The second is how to guarantee the signaling reliability with the MAC signaling method. The MAC signaling method has minimum impact in RAN1 but requires specification work in RAN2.
Observation 3:
MAC signaling provides good performance in terms of traffic adaptation, but requires more specification work in RAN2.
3 Conclusions
In this contribution, signaling mechanisms for TDD UL-DL reconfiguration are discussed. Our view can be summarized as the following

· Explicit signaling on TDD UL-DL reconfiguration is preferred than implicit signaling.
· Both common and UE specific signaling for UL-DL reconfiguration should be studied. Common signaling has lower overhead and higher reliability but may need additional work to support TDD eIMTA in case of carrier aggregation. 
· MAC signaling provides good performance in terms of traffic adaptation, but requires more specification work in RAN2.
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