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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. Obviously, channel access scheme is a very important aspect of LAA design. 

Multiple channel access schemes have been evaluated during SI [2]:
•	Category 1: No LBT
•	Category 2: LBT without random back-off
•	Category 3: LBT with random back-off with fixed size of contention window
•	Category 4: LBT with random back-off with variable size of contention window
The TR recommends a Category 4 LBT mechanism to be the baseline at least for LAA DL transmission bursts containing PDSCH where the detailed description of Category 4 LBT scheme is as the following [2]:
The LBT scheme defined here is based on the procedure in Option B in clause 4.8.3.2 of [4] except for the following modifications to form a Category 4 LBT scheme that ensure fairness with Wi-Fi:
-	The size of the LAA contention window is variable via dynamic variable backoff or semi-static backoff between X and Y ECCA slots. Further details are provided below.
-	One candidate for variation of the contention window is exponential backoff. It should be noted that most of evaluations are based on exponential backoff.
-	The value of X and Y is a configurable parameter
-	For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.
-	Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
-	Based on eNB’s assessment (e.g. sensing based adjustment)
-	Consider minimum ECCA slot size smaller than 20 µs.
-	The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
-	When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle. No ECCA countdown is performed during the defer period.
-	The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
-	Initial CCA is performed to transmit a DL transmission burst when the eNB has not transmitted any signal/channel although the random backoff counter reached zero in the backoff procedure.
Furthermore, the TR also recommends a single idle sensing interval allowing the start of a DL transmission burst containing DRS without PDSCH within the DMTC. 
In this contribution, we share our views on DL LBT design for LAA. 
DL LBT with random back-off
For LBT category 4, an LAA node may perform CCA at any time of a subframe given random traffic arrival and random back-off during contention. Therefore, LAA eNBs may access channel at any time in a subframe during which LBT is performed and channel is clear after ECCA. As a consequence, the start of transmission burst may not be at the boundary of a subframe or even not at an OFDM symbol boundary. To improve spectrum efficiency, a partial subframe is used to carry initial signal and (E)PDCCH/PDSCH [5]. However, since the receiver does not know the availability of the channel in advance, signal transmission in partial subframe would increase receiver complexity and power consumption due to blind detection of transmission burst. An approach to restrict the CCA region should be considered.
For example, the CCA can be limited to be only performed from the beginning of a subframe and till at most N consecutive OFDM symbols. The value of N can be fixed or variable. For example, the N is fixed 3 or, the N varies from 1 through 7. The value of N will affect the start position of (E)PDCCH/PDSCH after successful CCA. A larger value of N leads to more possibilities of the start position of (E)PDCCH/PDSCH in the partial subframe, which in turn will increase UE blind detection complexity. But it will also increase the range of CONTENTION WINDOW in LBT and hence, it may increase the possibility of successful LBT.
Here, we give an example in Figure 1 with a fixed size of contention window with fixed starting point. The start time of CCA/ECCA of LBT is fixed at the beginning of a subframe. The first 3 contiguous OFDM symbols of a subframe are used for LBT while other OFDM symbols in this subframe are not allowed for CCA. The initial signal (e.g., PSS/SSS) is transmitted in the OFDM symbols right after a successful CCA. After that, PDSCH can be transmitted on the left OFDM symbols. With this design, the possible start positions of PDSCH in the partial subframe will be reduced which in turn will also decrease the UE detection complexity. The DCI corresponding to the PDSCH in the partial subframe can be given by a PDCCH in the next subframe as in the following Figure 1.

 
Figure 1   An example of restriction to CCA region 
Proposal 1: CCA region should be restricted to the first N OFDM symbols of a subframe. The value of N is FFS.
Note that, when X=Y is configured in LBT Category 4, LBT Category 4 becomes LBT Category 3. Hence, the LBT Category 3 is a special case of the LBT Category 4. Considering some deployment scenarios such as an operator deployed LAA network, a fixed contention windows size is beneficial. Thus, X=Y should be allowed in the LBT Category 4.
Proposal 2: X=Y can be configured in LBT Category 4
DL LBT without random back-off
There is no random back-off in LBT Category 2. Typically, there is only CCA slot in LBT Category 2. Compare to LBT Category 4, LBT Category 2 has simple procedure and a fixed position for CCA. But current LBT Category 2 only performs one single CCA with a fixed start position. It has less channel access probability on an unlicensed carrier. In addition, a fixed position of CCA may cause unfairness of channel access among asynchronous LAA nodes. The reason is that the relatively large timing delay caused by the asynchronization would causes one eNB always start the LBT later than some others and therefore may constantly lose in LBT competition with high possibility.  
Some enhancements to LBT Category 2 can be considered. For example, multiple CCA slots are defined in a CCA region where the first successful CCA allows the LAA node occupying this unlicensed carrier. In another example, the start position of CCA slot can be selected from a set of pre-defined values.
There are several scenarios suitable for LBT Category 2. 
Short duration, long period and relative fixed position of transmission are characteristics of DRS [6]. A suitable LBT scheme should be applied to DRS without PDSCH to ensure transmission of DRS on an unlicensed carrier with high possibility of competition. Considering the characteristics of DRS, LBT Category 2 with enhancements mentioned above is a natural fit.
In another case, LBT Category 2 can be used for frequency reuse. An LAA node that wants to reuse the same unlicensed carrier can perform CCA check quickly when applying LBT Category 2. With relatively fixed position of CCA slot, LBT Category 2 has an advantage for frequency reuse to align CCA timing among LLA nodes.
Proposal 3: The enhanced LBT Category 2 should be adopted at least for DRS without PDSCH.
Multi-carrier LBT
CA is one key technology of LTE-A. For each aggregated unlicensed carrier, if independent LBT Category 4 were performed, it is difficult for an LAA node to access several carriers at the same time because of different random back-off. In addition, the CCA check for multiple unlicensed carriers may be interfered by the ACLR of intra-band. It includes two cases. The first one is that the ACLR of intra-band will affect CCA of a single node when it is competing multiple unlicensed carriers. The second case is that the ACLR of intra-band will affect CCA of multiple nearby nodes when they are competing one or more unlicensed carriers. Some approaches for multi-carrier LBT should be considered. 
Alt. 1, an LAA site applies the same LBT scheme and parameters (including random back-off) for each candidate unlicensed carrier. When all CCA checks for all the candidate unlicensed carriers are idle, the counter N for random back-off decreases by one. When the counter N goes zero, the LAA site compete successfully over all the candidate unlicensed carriers. This method can ensure fairness with WiFi on each unlicensed carrier during LBT. It can overcome disadvantage caused by ACLR of intra-band.
Alt. 2, the candidate unlicensed carriers are divided into several groups. Within one group, a primary competition carrier is selected while others are secondary competition carriers. For the primary competition carrier, a full LBT (such as LBT Category 4) is performed. For the secondary competition carriers in a group, a simplified LBT (such as LBT Category 2) is performed. For this method, the way to group the unlicensed carriers and the way to determine the primary competition carrier should be further studied. 
2 Conclusion
In this contribution, we have discussed several aspects of DL LBT design. We have the following proposals:
Proposal 1: CCA region should be restricted to the first N OFDM symbols of a subframe. The value of N is FFS.
Proposal 2: X=Y can be configured in LBT Category 4
Proposal 3: The enhanced LBT Category 2 should be adopted at least for DRS without PDSCH.
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