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1. Introduction
Rel-13 Study item, Licensed-Assisted Access using LTE (LAA), has been approved in RAN#65 meeting [1]. The main objective of this feasibility study is to determine a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. 
Currently, in RAN1, the discussion is focused on the required functionalities on unlicensed spectrum to meet the requirements of regulatory and design targets to ensure fair coexistence with other unlicensed spectrum deployments. 
In RAN1#78bis meeting, the following agreements have been reached,
Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Additional functionalities for LAA are agreed in RAN1#79 meeting.
Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

In this contribution, based on the agreed functionality of DFS for radar avoidance, Listen-before-Talk (LBT) and discontinuous transmission, further discussion is provided on the dynamic SCell on/off mechanism and the remaining issues of DFS for radar avoidance when unlicensed spectrum is aggregated by licensed spectrum in LAA. 
2. On the necessity of DFS for radar avoidance for UE
DFS (dynamic frequency selection) for radar avoidance is a regulatory requirement for some frequency bands, e.g., to detect interference from radar systems and to avoid co-channel operation with these systems by switching to a different carrier. In RAN1#78bis meeting, DFS for radar avoidance is identified as one required functionality to meet regulatory requirements in some regions/bands/regions for an LAA system. Furthermore, in RAN1#79 meeting, it reaches agreement that DFS is supported by legacy specifications and/or implementations. The remaining issue is whether such functionality is needed to be supported in the UE side. 
Considering that LAA system should reuse existing LTE framework, both downlink transmission and uplink transmission should be controlled by eNB on not only licensed band but also unlicensed band. In that sense, eNB can be seen as the master node and UE can be seen as the slave node [2]. Since the DFS functionality is only required for the master node, i.e., eNB, the slave node’s behaviors on unlicensed spectrum can fully depends on the master node’s command or signalling. Especially, taking into account UE’s quite limited transmission power on unlicensed spectrum (maximum 23dBm for total UE TX power across aggregated cells including cells both in licensed spectrum and unlicensed spectrum) and specified open-loop/close-loop uplink power control, UE’s transmission power can be fully controlled by eNB to a low level in unlicensed spectrum. Even in worst case UE does not timely retreat from unlicensed band, it may not cause severe interference to radar service.

From UE’s perspective, to support DFS detection, firstly, UE must have the ability to demodulate the radar signal. Secondly, it has to detect the radar signal periodically. It is expected that high complexity is caused to UE implementation.

Therefore, considering DFS detection capability has been agreed at eNB side, the detection of radar signal can be done only at eNB side to meet the regulatory requirements in certain bands/regions. 
Based on above analysis, we have following proposal,

Proposal 1: the detection of radar signal to meet DFS requirement is not needed at UE side.
3. Dynamically changed channel availability
Listen-before-talk (LBT) is agreed as one required functionality for LAA in RAN1#78bis meeting. According to LBT, before a transmission or a burst of transmissions on operating channel, the equipment shall perform a CCA (clear channel assessment) check by energy detection. If the energy level in the channel exceeds the predefined threshold, the operating channel is considered occupied; otherwise, it may transmit data immediately (LBE mechanism) or in the following frame period (FBE mechanism). For the purpose of interference avoidance and spectrum fair sharing, LBT feature is mandatory for unlicensed spectrum usage in some countries/regions, e.g., Europe and Japan. Regarding the requirements of listen-before-talk, for frame-based-equipment (FBE), the channel occupation time is within the range of 1ms to 10ms in EU and of 1ms to 4ms in Japan, followed by an idle period with the length of at least 5% of channel occupation time [3]. For load-based-equipment (LBE), it is not restricted to perform CCA check according to a specific frame structure. Instead, LBE may perform CCA/extended CCA whenever it has data to transmit. In LBE, the maximum channel occupation time can be 13ms. Both FBE and LBE need to perform CCA check at the end of idle period after each data transmission. Therefore, discontinuous transmission for LAA is a basic characteristic due to the availability of transmission opportunity on unlicensed band cannot be guaranteed. 
Therefore, in LAA, considering the carriers on unlicensed band can only be configured as SCells, we can see the availability of SCells on unlicensed band may be dynamically changed dependent on the result of CCA check at eNB side. It is not predictable when the SCells on unlicensed band are available for data transmission. So dynamic SCell on/off should be introduced for LAA due to supported functionalities of LBT and discontinuous transmission.
On the other hand, due to the unpredictability of SCell availability, UE has to blindly detect the possible CRS or PDCCH in each subframe on unlicensed SCells, which leads to high UE implementation complexity especially when many carriers on unlicensed band are configured as SCells. An efficient and reliable method is to introduce a DCI format in licensed carrier to indicate the availability of each SCell on unlicensed band, which is similar to the defined DCI format 1C in Rel-12 TDD eIMTA WI for indication of the adopted TDD UL/DL configurations. For example, DCI format 1C in PCell common search space is used for such SCell availability indication. It can be differentiated by its CRC scrambled with a new cell-specific RNTI. Due to UE always needs to monitor PCell common search space and PCell has higher reliability, this method does not add extra UE blind detection complexity. Another issue is the transmission period of such DCI format for indication of SCell availability on unlicensed band. Whether it is transmitted in each subframe or several subframes can be further studied.
Based on above analysis, we have following proposals,

Proposal 2: Dynamic LAA SCell on/off should be introduced for LAA. 
Proposal 3: Channel availability indication for LAA SCell can be transmitted on PCell. The concrete period of this indication can be FFS.
4. Conclusions
In this contribution, we list some necessary functionalities for LAA and analyse the necessity of DFS for radar avoidance for UE, dynamic SCell availability due to discontinuous transmission characteristic and possible solution to indicate that for each unlicensed SCell. Based on above analysis, we have following proposals:
Proposal 1: the detection of radar signal to meet DFS requirement is not needed at UE side.

Proposal 2: Dynamic LAA SCell on/off should be introduced for LAA. 

Proposal 3: Channel availability indication for LAA SCell can be transmitted on PCell. The concrete period of this indication can be FFS.
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