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[bookmark: _Ref301342314]Introduction
In LAA prior to DL data transmission the eNB shall perform Clear Channel Assessment (CCA) before transmission [1]. Due to the LBT operation and dependency on its outcome based on the channel occupancy status of the unlicensed spectrum the start of the transmission at any given time cannot be guaranteed. The study on LAA defined a transmission burst and noted that any instant in time can be part of a DL transmission burst or a UL transmission burst [1]. This contribution discusses aspects regarding scheduling flexibility and the signaling of the composition of DL and UL transmission bursts.
Discussion
On the unlicensed band, it is not predictable when a node gets access to the channel. Also, coexisting Wi-Fi nodes operating on the same carrier in unlicensed bands can start and stop transmissions anywhere since they can operate asynchronously. Both of these factors will put LAA at a significant disadvantage if  it were to use any of the currently defined frame structures for DL and UL transmissions where at least some frames are forced to have DL transmissions and some others are forced to have UL transmissions. If any of the fixed frame structure types 1 or 2 is used, then each subframe is pre-determined to be DL, UL or a special subframe that carries DL and UL transmissions. If a flexible subframe structure that allows some variations among these fixed subframe types is used, as in eIMTA, some subframes still are pre-determined for a duration of a frame to be either DL, UL or a special subframe. If channel access is not gained in these particular subframes, the inflexibility of these structures can lead to additional delays particularly at high loads. Besides, such inflexibility will make LAA unattractive as a technology option due to the slow nature of its adaptability to interference and traffic demands. Thus, LAA should have the flexibility to have any subframe carry at least DL or UL transmissions. Whether subframes should be able to have both DL and UL transmissions can be further discussed. It then follows that the current frame structures are not applicable to LAA and that LAA should have more flexibility than either of the current frame structures allows. Based on the above discussion we make the following proposals.
Proposal: LAA should not use either frame structure 1 or frame structure 2.
Proposal: Any subframe can be part of a DL transmission burst or a UL transmission burst.
Since, as per the above proposals, any given subframe in time can have DL or UL transmissions, how the UE determines what the transmissions are needs to be discussed. There are roughly two classes of proposals on this issue. 
In one class of proposals, the UE determines the subframe format implicitly by assuming that every subframe is a DL subframe unless explicitly signaled either via scheduling commands or other means. In each subframe that is assumed to be a DL subframe, the UE determines whether the subframe contained any DL transmissions or not by either decoding a successful control message (PDCCH or EPDCCH) or by detecting the presence of some reference signal, e.g., the CRS. In this class of proposals, there are no restrictions on the configuration of DRX cycles for UEs. It has already been agreed in RAN2 to use common DRX and this can be used to its full potential. In this class of proposals, scheduling can be fully dynamic on a subframe basis with the only potential restrictions being the need for a special subframe or a shortened DL subframe when a DL transmission burst is followed by a UL transmission burst from UEs in the same cell as the DL transmission burst. That is, the UE does not need to have any knowledge of the type of transmissions in future subframes even when a DL subframe is successfully detected or an UL transmission is made in an UL subframe that has been successfully scheduled. It should also be noted that this is the assumption used for half-duplex UEs, although in that case UL and DL are on different frequencies.
In the second class of proposals, the UE detects the start of a DL transmission burst and the configuration of succeeding subframes in the DL transmission burst and any following UL transmission burst is explicitly indicated to the UE. This allows the UE to receive the subsequent subframes without performing any detection of signals on a subframe by subframe basis. The last subframe in the DL transmission burst when it is followed by an UL transmission burst from UEs in the same cell as the DL transmission burst, may still need a special subframe or a shortened DL subframe as is the case with the first class of proposals. It is however worth noting that the UE still needs to perform blind decodes on EPDCCH to be able to detect whether or not a PDSCH is scheduled for the DL subframes similar to the first class of proposals.
In discussing the advantages and disadvantages of each class of proposals, the following aspects have been brought up. In the first class of proposals, the UE does not have advance knowledge regarding any subframe that has not been explicitly scheduled as a UL subframe. If a subframe can have multiple starting points for the EPDCCH within it where a DL transmission burst could commence, this would increase the blind decoding complexity and consequently power consumption. It is further important to consider that the EPDCCH in Rel-12 supports up to two sets where each set could have different starting positions. Such a configuration could therefore be used for either the first or second class of proposals. Furthermore, if a special or shortened subframe is required prior to any UE transmissions following a DL transmission burst, blind decoding complexity and power consumption could increase further. In the second class of proposals, this is mitigated by the signaling of the structure of the DL transmission burst and any following UL transmission bursts at the beginning of the transmission burst. However, even with knowledge of which subframes in the DL transmission burst carry DL and which ones carry UL transmissions, blind decoding is still necessary for each of the DL transmission bursts. The main reduction in complexity would simply be that each subframe doesn’t also have to be tested with blind decodes associated with a special or a shortened subframe. With the first class of proposals, the blind decoding complexity increase could be kept in check or even eliminated by, for example, configuring the EPDCCH sets so that the number of blind decodes is not significantly increased, see e.g.[2].
On the aspect of power consumption it is important to consider DRX operation. It has already been agreed to use the current common DRX framework for LAA. Under this framework, when short DRX cycles are used, the eNB has flexibility to configure UEs so that they can turn on in any particular subframe and search for DL transmissions. This allows spreading the on period of the DRX cycles for the UEs connected to the cell evenly in time so that resources on the carrier can be used in a power efficient manner. Since a UE simply determines the status of each subframe separately, any UE can be configured to turn on from its DRX cycle at any time. In the second class of proposals, the on periods of the short DRX cycles for many more UEs would need to be grouped together so that the UEs do not miss the signaling at the beginning of the DL transmission burst that indicates the composition of the transmission burst and any following UL transmission burst. Thus, while a UE may save power in doing fewer blind decodes once it knows the transmission burst composition, on average, it may have to spend more power keeping its receiver chain on just to be able to detect the start of the DL transmission burst. Hence, there is a trade-off between the saved power in blind decodes and the extra power used in having to keep the receiver on for a longer period of time. On balance, in our view, if the number of starting positions in a burst and the number of special or shortened subframe options is limited to a very small number as discussed in [2], the first class of proposals would be better suited for LAA and would yield better flexibility and system performance when coexisting with another technology such as Wi-Fi which has much shorter symbol periods and is generally more agile in acquiring access to the channel. 
Proposal: It is not required for the UE to receive any signaling at the beginning of a transmission burst in order to receive any subframe within the transmission burst.
[bookmark: _GoBack]One approach that can potentially bridge the gap between these two classes of proposals is to signal to the UE information regarding future subframes within the transmission burst, but not at the beginning of the transmission burst. Such signaling could for example be carried in every subframe so that once a subframe is successfully detected by the UE, it may obtain some information on future subframes. However, successful reception of any subframe with the transmission burst is not predicated on receiving a signal successfully at the beginning of the transmission burst. An approach as described above could be further explored for LAA.
Conclusions
In this contribution, we discussed aspects regarding scheduling flexibility and the signaling of the composition of DL and UL transmission bursts. Based on the discussion, we propose the following.
Proposal: LAA should not use either frame structure 1 or frame structure 2.
Proposal: Any subframe can be part of a DL transmission burst or a UL transmission burst.
Proposal: It is not required for the UE to receive any signaling at the beginning of a transmission burst in order to receive any subframe within the transmission burst.
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