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In this contribution, we provide our views on LAA-specific control channel design.
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In an LAA transmission burst, the indication of following is considered useful:

· The transmission burst length
· DL/UL transmission burst indication
First in Rel-13, an LAA transmission burst consists of DL transmission over one or more subframe. In a later release, it is possible that an LAA transmission burst or transmission opportunity (TxOP) can consist of DL and UL transmissions. 

In our previous contributions, we proposed to indicate the duration of a DL transmission burst at beginning of its transmission. Several benefits can be identified:
1. The indication of transmission burst duration can help determine the span over which a signal is transmitted
a. For example, due to LBT and/or regulatory requirements, transmission from eNB may be discontinuous. If CRS is used by a UE to measure the channel response from its serving cell, the information on transmission burst duration can be used by a UE to make the correct number of measurements on CRS without verifying the existence of CRS on each occasion.  
b. In another example, CSI-RS and CSI-IM are configured as periodic resources for a UE by eNB. Of course their actual use is subject to limit due to LBT and eNB discontinuous transmission. The transmission burst duration can help determine whether CSI-RS and CSI-IM are present in the current transmission burst. [refer to CSI paper]
c. If aperiodic resources for CSI measurement are introduced in LAA, for example CSI-RS and CSI-IM resources, which are not configured as periodic resources at a UE by eNB, can be embedded in a DL transmission burst, then the transmission burst duration can be used in the definition of the embedding rules. 
2. The indication of transmission burst is also needed to determine where the last TTI in a DL transmission burst ends. Without that, rate-matching can be problematic.
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Figure 1 Possible TxOP in LAA with DL+UL
If a TxOP, which is conducted between eNB and UE(s), can include multiple DL transmission bursts and multiple UL transmission bursts as shown above, it also becomes necessary to indicate the UL transmission burst durations along with DL transmission durations. For example:






where  is the duration of the first DL transmission burst, and  is the duration of the first UL transmission burst,  is the duration of the second DL transmission burst,  is the duration of the second UL transmission burst, ...  Alternate values in such as list are for downlink and uplink respectively.


In the example, indication is necessary to determine when the second DL transmission burst starts after an UL transmission burst. 





In Rel-13, as only LAA DL transmission is to be specified,  [,0,0,0,…] can be used in the signaling field definition. Alternatively [] can still be signalled, yet a Rel-13 UE is restricted to using resources referred by the first duration  or durations referred by and  (even-indexed durations), with the understanding there is no eNB activity relevant to Rel-13 UEs in other durations (odd-indexed durations).

For a UE from a later release, [] can be used to define the eNB behavior and UE behavior for DL and UL. 



WiFi uses virtual carrier sensing as one of its coexistence mechanism. Following the same design principle, we note that the TxOP duration, , can play the same role as NAV in WiFi. A WiFi device can build a receiver to read the LAA TxOP duration. 

 
3. Control channel design
As the discussed information can be of use to multiple UEs, a common signaling instead of dedicated signaling scheme makes better sense. 
We can reuse the PDCCH design to convey the control information discussed above by defining a new DCI format. 
In addition, we can introduce a new RNTI for new DCI format, if its size happens to be the same as an existing DCI’s (for example 1A). In this case, blind decoding complexity can be still maintained at UEs.
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4. Conclusion
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Proposal:  The indication of the TxOP duration is signaled to UEs.  PDCCH design is reused to convey the indication. 
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