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1. Introduction

In 3GPP RAN1#72bis meeting, the following agreement was made:

· 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
The PHY-layer signaling mechanism is classified into implicit signalling solution and explicit signalling solution. One of our contributions [2] compared the two solutions, and proposed a so-called “implicit + explicit” signalling solution that is based on implicit signalling. This contribution further discusses the “implicit + explicit” solution and the stand-alone explicit signalling solution.
2. Implicit+explicit signaling

It was proposed in [1] that the HARQ timing is based on semi-statically configured reference configuration. The main advantage of such solution is to provide a simple solution and meanwhile to avoid the potential misunderstanding between eNB and UE regarding to HARQ timing when TDD UL-DL configuration changes. It is also independent of the signaling mechanism used for TDD allocation reconfiguration. If such a solution for HARQ timing determination is adopted, implicit signaling is a straight-forward solution, with some problems remaining to be solved. 
· One critical problem is the support of CSI measurement as discussed in [3]
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[5]. Because the interference condition between fixed downlink subframes and flexible subframes used for DL transmission can be quite different, the interference measurement in flexible subframe is necessary. One solution is to apply the semi-static IMR configuration in flexible subframes as proposed in [4]
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[5]. However, the issue with this solution is that UE does not know whether flexible subframes are used as downlink or not until it has downlink transmission in flexible subframes in implicit signaling solution, which means UE needs to be scheduled with DL transmission to perform interference/channel measurement in the same flexible subframe, and creates the “chicken-and-egg” problem as mentioned in [3]. Furthermore, in case there is no downlink traffic for the UE for a long time, the UE would have no chance to perform measurement in flexible subframe, which in turn affects the accuracy of link adaptation.
· Another problem of the implicit signaling is that a false alarm of uplink grant or ACK-to-NACK decoding on PHICH may trigger an invalid uplink transmission in the subframe that is turned into downlink by eNB, which may cause UE-to-UE interference. The occasion of such false alarm event and its impact on system performance need further investigation. 

In order to solve or alleviate the two problems mentioned above, explicit signaling can be used as an complementary or enhanced function on top of implicit signaling. If the HARQ timing is based on semi-statically configured reference configuration, the uplink grant/PHICH is transmitted in fixed downlink subframes only. Some cell-specific DCIs are also transmitted in fixed subframes to maintain support to legacy UE. That is, both Rel-12 TDD UE and legacy TDD UE would not expect PHICH and some DCIs such as format 0/4/3/3A in flexible subframes, which allows these DCI formats transmitted in flexible subframes being reused as an enhanced function to solve above-mentioned problems in implicit signaling solution. Comparing to the stand-alone explicit signaling which may need to be transmitted in predefined or fixed subframes, the complementary explicit signaling can be transmitted in any flexible subframes that is used as DL. Other advantages of the complementary explicit signaling over stand-alone explicit signaling include: 
· Reliability of explicit signaling can be further increased because reusing DCIs in flexible subframes may result in much lower coding rate.

· No restrictions are imposed on current functionality.
· Signaling load in fixed subframe is desirably not increased. Because the UL grant, PHICH and some other common control signaling are only transmitted in fixed subframes, the control channel resource in fixed subframes for other signaling may be left less sufficient, especially in the scenario with dense small cells which share the same cell ID. Therefore, it is expected to have less chance to transmit the control signaling indicating the UL-DL reconfiguration in fixed subframes. 
· Specification effort is relatively lower.
The detail design of such explicit signaling in flexible subframe to indicate the transmission direction of flexible subframes or UL-DL configuration can be FFS. 
When no explicit signaling is received by the UE, the UE follows the implicit signaling, which means the transmission direction of flexible subframe is implicitly determined by scheduling and the HARQ timing is based on the semi-statically configured reference configuration. If the UE receives an explicit signaling indicating the transmission direction of a flexible subframe as DL subframe while the UE also receives an UL grant or PHICH indicating that PUSCH should be retransmitted in the same subframe, the UE may follow the explicit signaling indication and no PUSCH is transmitted. Considering the high reliability of explicit signaling, we think such case only happen when false alarm of uplink grant or ACK-to-NACK decoding error on PHICH occurs. Note that even with the explicit signaling, the HARQ timing should follow the semi-statically configured reference configuration. 

On the other hand, the CSI measurement issue can be solved completely with the complementary explicit signaling. Because the UE knows the transmission direction of the flexible subframes, the UE can perform measurement in flexible subframes that are configured with IMR and meanwhile indicated as DL subframes by the explicit signaling. With the help of explicit signaling, the UE would by more chance know the location of DL subframes even though there is no scheduled PDSCH for the UE.  It increases the opportunities of interference measurements which in turn helps the accuracy. This is beneficial for CSI enhancement in eIMTA.
3. Standalone explicit signalling
The main benefit of standalone explicit signalling is that it can support HARQ timing to be dynamically adjusted with the TDD UL-DL reconfiguration. As discussed in [1] , in order to avoid the potential mismatch between UE and eNB regarding to the instantaneous TDD UL-DL configuration, higher reliability of the explicit signalling design is a must. As discussed in section 2, the standalone explicit signalling may need to be transmitted in predefined or fixed subframes. Considering the limited control capacity in fixed subframes, it may be a challenge to design an explicit signalling with higher reliability in such a limited control channel resource.  
On the other hand, if the HARQ timing determination is not based on the explicit signalling, the explicit signalling is not essential. That is to say most of UE operations can be run properly without the explicit signalling. If the explicit signalling is introduced to solve problems other than the HARQ timing determination, it then becomes a complementary function as described in section 2.
4. Conclusions
This contribution is concluded with following proposals:
Proposal-1: Take the HARQ timing issue into account when decide which signalling mechanism should be adopted.
Proposal-2: If implicit PHY layer signalling is adopted, consider to design explicit signalling as a complement to implicit signalling, in order to better support CSI measurement and to reduce the impact of error on UL grant/PHICH.
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