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1 Introduction
In RAN1#80, it was agreed to classify the evaluated channel access schemes according to the following categories [1]:

•
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

Then in RAN1#80bis meeting, the following working assumptions were reached [2]:
Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· 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)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during 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). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above

In this contribution, we share our views on LBT design for LAA. 
2 Discussion for LBT
Comparing Category 3 and 4 LBT schemes, the only difference is the size of contention window. In the following, we’ll discuss both schemes in terms of performance and standardization effort. 
LBT category 3 scheme 
For LBT Category 3, the size of contention window (CW) is fixed. For example, the contention windows can be fixed to span several OFDM symbols for initial CCA and extended CCA (ECCA) while the other OFDM symbols in a subframe are not used for CCA/ECCA.
For LBE, an LAA equipment can start to execute CCA/ECCA at any time. This will cause randomness of the starting position of transmission. In turn, this will increase UE detection complexity and power consumption as the UE may blindly detect the DL transmission on the unlicensed carrier all the time. In [3] and [4], many evaluation results have shown that LAA following LBT category 3 using random backoff within the fixed contention window can be fair to Wi-Fi under a range of traffic loads.
Furthermore, if the starting point of CW were also fixed, then the design of LBT for LAA can be simplified and, the performances can be ensured as well [5]. 
The following Table 1 lists standardization impact with respect to the size of CW and the starting point of CW.
Table 1    Standardization impact w.r.t the size of CW and the start point of CW

	
	Size of CW
	Starting point of CW
	Complexity and standardization impact

	Case A 
	Fixed
	Fixed
	Low complexity. The number of integral OFDM symbol of the initial subframe is relatively fixed. It is easy for data transmission design. Case A is shown to ensure fairness with Wi-Fi.

	Case B 
	Fixed
	Variable
	High complexity. The number of integral OFDM symbol of the initial subframe is variable. It is not easy for data transmission and RS design.

	Case C 
	Variable
	Fixed
	Medium complexity. The number of integral OFDM symbol of the initial subframe is variable because of the size of CW. It is not easy for data transmission design in partial subframe. Case C is slightly more complex than Case A but maybe more suitable for high load system.

	Case D 
	Variable
	Variable
	High complexity. The number of integral OFDM symbol and the position of symbol of the initial subframe are variable. It is not easy for data transmission and RS design.


As discussed above, a fixed size of contention window with fixed starting point will simplify the LAA design in general. Here, we give such an example. The starting time of CCA/ECCA for LAA is fixed at the beginning of a subframe. An LAA site can only execute CCA/ECCA at the beginning of a subframe. The first N contiguous OFDM symbol(s) of a subframe is (are) set as the contention window (CW). Here, N=ceil(20*q/OFDM duration μs) , where the value of q is declared by the manufacturer. The value of q decides the maximum duration of CW. For example, if q is set 4 … 32, then the CW is 80 – 640 μs. The larger the CW is, the lower the probability of contention is. But it may cause resources waste. It is suggested that the q be 10 considering LTE frame structure. Then, the CW is 10*20 = 200 μs. That is, the first 3 OFDM symbols are set as the CW. 
The rest integral OFDM symbol(s) within a CW after a successful CCA/ECCA can be used to transmit reservation/initial signal to reduce resources waste. After that, a normal PDSCH can be transmitted in the remaining OFDM symbols in a subframe. The DCI corresponding to the data transmission in the partial subframe can be transmitted via PDCCH at the next subframe. The information of the start symbol of the data can be included in the DCI mentioned above. Alternatively, the information of the start symbol of the data can be indicated by PSS/SSS in the subframe in which the data is transmitted. For example, the PSS/SSS is (are) transmitted in the two OFDM symbols just after a successful CCA/ECCA. It is illustrated in the following Figure 1. 
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Figure 1   An example of LBT Category 3
Given LBT category 3 is shown to achieve fair co-existence with Wi-Fi as well as guarantee LAA performance, we have the following proposal. Note that in current working assumption, to have a fixed CW means configuring the same value for X and Y.
Proposal 1: LBT category 3 should be supported for LAA.
LBT category 4 scheme
For LBT category 4, the size of contention window (CW) is variable. For example, an LAA equipment can decide the size of CW according to last ECCA check. This LBT Category can adjust the size of CW according to the load of an unlicensed carrier. 
As discussed above, a fixed starting point of CW even with a variable CW size can also simplify design (see Table 1 above). It is beneficial for neighboring LAA sites starting CCA/ECCA at the same time when frequency reuse is desired. 
The adjustment of CW can be based on the following information: measurement at the LAA eNB and/or feedback information from the UE. For example, an LAA eNB can adjust the CW based on the information including number of LAA sites nearby, number of WiFi AP/STA nearby, etc.
For the duration of a single ECCA slot, if the fair co-existence with WiFi were considered, it can be 9 us. Since it may also impact the total period used for ECCA check, RAN4 input may be required.
Proposal 2: A fixed starting position of ICCA should be prioritized for LBT of LAA.
Proposal 3: The adjustment of CW can be based on the following information: measurement at the LAA eNB and/or feedback information from the UE.
Procedure of CCA in LBT
The procedure of LBT in [6] is agreed as the working assumption. However, the procedure of LBT in [6] may have some issue. Note that, if the equipment finds the channel to be clear after initial CCA, it may transmit immediately. This may cause multiple equipments occupy the channel at the same time with relative high probability and hence contention and collision. To address this issue, some optimization can be considered to modify the procedure of transmitting data immediately after successful initial CCA. 
One method is that the procedure of ECCA is always executed even if the initial CCA is successful as illustrated in the following Figure 2. The number N is generated before ICCA (or after the ICCA checking the channel as idle). When the ICCA checks the channel as idle, the LAA site checks whether (N-1) is greater than zero assuming a 9 us ECCA slot duration. If not, the LAA site occupies the unlicensed carrier. Otherwise, the LAA site executes ECCA.
Another problem is that the efficiency problem of using defer period. In the procedure of LBT in [6], the defer period may be executed many times. In the Figure 3, one defer period is executed only if N = 0 to guarantee the fairness with WiFi.
Proposal 4: The procedure of ECCA is always executed in LBT.
Proposal 5: Defer period is executed only if N = 0 in LBT.
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Figure 2    Modified procedure of CCA/ECCA in LBT
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Figure 3 Modified procedure of defer period in LBT
3 Conclusion
In this contribution, we discussed several aspects of LBT design. We have the following proposals:
Proposal 1: LBT category 3 should be supported for LAA.

Proposal 2: A fixed starting position of ICCA should be prioritized for LBT of LAA.
Proposal 3: The adjustment of CW can be based on the following information: measurement at the LAA eNB and/or feedback information from the UE.
Proposal 4: The procedure of ECCA is always executed in LBT.
Proposal 5: Defer period is executed only if N = 0 in LBT.
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