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Discussion and decision
1 Introduction

In RAN1#72bis meeting, agreements were achieved as follows[1],
· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)
· 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
In this document, further discussions will be made on the signaling mechanism for eIMTA, including PHY signaling vs. MAC signaling, implicit signaling vs. explicit signaling and common signaling vs. UE-specific signaling.
2 Discussion on signalling mechanisms
2.1 PHY signalling vs. MAC signalling

In this section, we consider several points to compare PHY signalling and MAC signalling.

Firstly, from the perspective of time scale, PHY signalling supports 10ms time scale that is shorter than MAC signalling, which means that PHY signalling has better adaptability to DL/UL service change than MAC signalling.
Secondly, PHY signalling has lower overhead than MAC signalling, because MAC signalling requires an additional PDSCH transmission.
Thirdly, PHY signalling has acknowledgement feedback in peer protocol layer, but MAC signalling does not. It will induce infinite ambiguity period for MAC signalling, which requires additional specification effort to limit it, e.g. similar assumption for Scell activation/deactivation. Even if the ambiguity period of MAC signalling can be limited by a new solution, it will not be shorter than that of PHY signalling.
· Proposal 1: PHY signalling is sufficient for dynamic UL-DL reconfiguration.
2.2 Implicit signalling vs. Explicit signalling
There are two kinds of UL-DL reconfiguration indication ways have been proposed previously, including implicit signalling and explicit signalling. With implicit signalling, the transmission direction of a given subframe is indicated by the DL or UL grant detected in UE side. In particular, the transmission direction of subframe can be determined as follows. For a given subframe, it can be determined as an UL subframe if its corresponding UL grant has been detected in previous subframe. Otherwise, whether the subframe is a DL subframe should be determined further. If a DL grant can be detected successfully, the subframe can be assumed as a DL subframe, otherwise the subframe is assumed with uncertain direction. However, by explicit signalling, the actual UL-DL reconfiguration can be signalled to UE straightforwardly.
Obviously, compared with the explicit signalling, additional signalling overhead is not required for implicit signalling. However there are some issues discussed as follows,  that will make the system operation more difficult.

As the transmission direction is decided by corresponding grant, fixed scheduling and HARQ timeline is needed for implicit signalling mechanism no matter which UL-DL configuration is used. For example, DL HARQ timeline follows UL-DL configuration #5 and UL HARQ/scheduling timeline follows UL-DL configuration #0. However, for such timeline design, there are some issues with uplink transmission which has been analysed in another document R1-132552 of us.
Besides that, a large difficulty can be foreseen on the CSI measurement, including DL CSI measurement based on CSI-RS and UL CSI measurement based on SRS, on the flexible subframes. Based on DL/UL grant detected by UE, partial flexible subframes’ transmission direction can be confirmed, so CSI measurement can be performed on these subframes, but it is impossible for other flexible subframes. Although it seems unnecessary to perform CSI measurement on every subframe, it is also hard to insure that CSI measurement can be performed well for every UE, because not all UEs will be scheduled on the subframe containing CSI-RS or indicated to transmit sounding signals on SRS subframes.
An additional issue is caused by the missing alarm or false alarm of UL grant. If an UL grant is missed, UE cannot know the scheduled subframe is an uplink subframe, so that it will try to detect DL grant on the subframe even if it is unnecessary actually. For a given UE, the number of unnecessary blind detection will be larger if less uplink transmissions are scheduled. With UL-DL configuration #0, if a UE is not scheduled to transmit any uplink data in a radio frame, more than half number of blind detection is unnecessary and power is wasted, i.e. blind detection on all uplink subframes except subframe #2. If an UL grant is false detected or ACK is false read as NACK on PHICH, UE will transmit data on the corresponding subframe but it is DL subframe actually, which causes transmit power waste and additional UE-UE interference. In addition, as it has been agreed that no new UL-DL configurations are introduced in BCT, the false alarm of UL grant will bring error diffusion. For instance, in case subframe #9 is assumed as uplink subframe due to detection of the corresponding grant, UL-DL configuration #0 can be confirmed immediately without any decision on the transmission direction of other subframes. However, if the detection of the uplink grant is false and the actual UL-DL configuration is not #0, data transmission on subframes with opposite direction to UL-DL configuration #0 will be invalid for UE.
· Proposal 2: It is suggested to indicate UE the actual UL-DL configuration through explicit signalling.
2.3 Common signalling vs. UE-specific signalling
The signalling overhead of common signalling is quite lower because only one signalling is required. However, as there is no ACK feedback, common signalling should be designed with more transmission reliability to reduce the impact of grant missing, e.g. introducing a new DCI with limited payload for UL-DL reconfiguration, which will need more specification efforts. Common signalling may be beneficial for UEs with no data transmission temporally. Based on the UL-DL configuration indicated by common signalling, these UEs can perform CSI measurement, report and SRS transmission on flexible subframes.
Opposite from common signalling, for UE-specific signalling, each UE should be indicated by one separate signalling when the UL-DL configuration is changed, therefore the signalling overhead can be expected higher. However, in low-load application scenario of eIMTA, such overhead can be accepted. The advantage of UE-specific signalling is that the acknowledgement of signalling receiving can be reported to eNB side under current specification, which helps avoid possible different assumption of UL-DL configuration between UE and eNB. In our opinion, it is natural to support UE-specific signalling for UEs with ongoing data transmission at least, and introducing a new field of 3 bits in grant to indicate the UL-DL configuration is a proper option with less overhead increase. For the CSI measurement for other UEs with no data transmission, it can be performed by aperiodic CSI report and aperiodic SRS transmission mechanism, which can also be triggered by relevant UE-specific signalling with 3-bit indication of UL-DL configuration.

· Proposal 3: UE-specific signalling is suggested to indicate UL-DL configuration.
3 Conclusion
In this contribution, drawbacks and benefits were discussed and compared for MAC and PHY signalling mechanisms and so on, and our proposals were presented as follows:
· Proposal 1: PHY signalling is sufficient for dynamic UL-DL reconfiguration.
· Proposal 2: It is suggested to indicate UE the actual UL-DL configuration through explicit signalling.
· Proposal 3: UE-specific signalling is suggested to indicate UL-DL configuration.
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