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1 Introduction
During RAN1#80 meeting, some agreements were reached as the following [1]:
Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· 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

Note: Contention window is the maximum possible random back-off value

Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible

In this contribution, we share our views on LBT design for LAA focusing LBT category 3. Frame structure design considering LBT is discussed in our companion contribution [2].
2 Discussion for LBT
2.1 LBT regulation
According to the newly published Europe regulation [3], there are two LBT options for LBE: Option A (LBT Category 4) and LBT Option B (LBT Category 3). The primary differences between LBT Option A and LBT Option B for LBE are summarized in Table 1. The most important differences are value of q, whether there is a new extended CCA check within an LBT procedure and, the maximum COT.
From the Table 1 below, it can be seen that the LBT Option A may reduce contention with those devices which have ACK to transmit without performing a new CCA as it has multiple new extend CCA. However, when in a relative not busy channel (e.g., for a sparse deployment), the LBT Option B will be more efficient. 

Note that the main concern for LBE for LAA is the randomness of the starting position of transmission, which will complicate the LAA subframe design. In this sense, the LBT Option A is more complex than the LBT Option B given its variable size of contention window which in turn will further complicate the LAA design. 
Observation: LBT with random back-off with fixed size of contention window has lower complexity than that of variable size of contention window.
Table 1 Difference between LBT Option A and LBT Option B for LBE
	Item
	Differences
	LBT Option A
	LBT Option B
	Notes

	1. 
	value of q
	The initial value of q is 16.

q = q * 2 for every new Extended CCA check that has to be performed.

q = 16 after q reaches 1024. That is q will never reach 2048.
	q = 4 … 32

The value of q shall be declared by the manufacturer.
	

	2. 
	duration in the initial CCA
	At least 20 μs
	At least 20 μs

The CCA observation time used by the equipment shall be declared by the manufacturer.
	

	3. 
	Observation Slot
	an unoccupied Idle

Slot of 18 μs
	20 μs (the same to the initial CCA duration)
	“A Busy Slot” is not a fixed period. It depends on actual channel occupancy.

	4. 
	
	a Busy Slot
	
	

	5. 
	new Extended CCA check
	If the Extended CCA check failed to find N unoccupied ECCA slots, the device will perform it.
	No.
	

	6. 
	random number N
	1 … q

The device will regenerate the random number N when it performs a new Extended CCA check.
	1 … q

The random number N is generated just one time.
	The scale of N in the LBT Option A will changed in each new Extended CCA check.

	7. 
	When is a total ECCA procedure successful?
	to find N unoccupied ECCA slots

The random number N may change in each new Extended CCA check.
	N = 0

The number N will decrease by one for each successful CCA slot in the extend CCA check.
	

	8. 
	Maximum Channel Occupancy Time
	10 ms
	(13/32) * q ms

It depends on q.
	

	9. 
	Idle period
	The total Idle Period is equal to the total of any CCA (initial or extended) checks which have been performed since the last transmission.
	20 μs

or

(1+ N + k) * 20 μs, where k is number of unsuccessful CCA slot in the extend CCA check.
	The idle period in the LBT Option A may be long than that in the LBT Option B in a busy channel.

	10. 
	Simultaneous operation on multiple channels (CA)
	Not easy
	Easy
	The LBT Option B might be easier to occupy multiple channels at the same time because of a single ECCA.


2.2 Contention window of LBT
In this section, the random back-off in the contention window is discussed.
· 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
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 CCE/ECCA while the other OFDM symbols in a subframe are not used for CCE/ECCA. While 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. 
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. If the starting point of CW were fixed, then the design of LBT for LAA can be simplified and, the performances can be ensured as observed in [4]. For example, the starting point of fixed size of CW is fixed at the start of a subframe. Furthermore, the CW spans contiguous P OFDM symbol. 
The following Table 2 lists standardization impact with respect to the size of CW and the starting point of CW.
Table 2    Standardization impact w.r.t the size of CW and the start point of CW
	Size of CW and the start point of CW
	Complexity and standardization impact

	Fixed size of CW + fixed start point of CW
	Low complexity. The number of integral OFDM symbol of the initial subframe is relatively fixed. It is easy for data transmission design.

	Fixed size of CW +variable start point of CW
	High complexity. The number of integral OFDM symbol of the initial subframe is much variable. It is not easy for data transmission and RS design.

	Variable size of CW + fixed start point of CW
	Middle 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.

	Variable size of CW + variable start point of CW
	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.


 We have the following proposal.
Proposal 1: The fixed size of CW with fixed starting point of CW should be prioritized for LBT of LAA.
2.3 Design of LBT with fixed size of contention window
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 from the beginning of a subframe. The first N contiguous OFDM symbol(s) of a subframe is (are) set as the contention window (CW). In there, N=ceil(20*q/OFDM duration μs) , the value of q shall be 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 my 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. Hence, we have the following proposal.
Proposal 2: The starting time of CCA/ECCA is fixed at the beginning of a subframe and the first N contiguous OFDM symbol(s) of a subframe is (are) set as the contention window.
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Figure 1   An example of LBT Category 3
2.4 Procedure of CCA in LBT
The procedure of LBT Option B in [3] is illustrated in the following Figure 2A. Note that, if the equipment finds the channel to be clear after initial CCA, it may transmit immediately. This will 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 change 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 2B. For example, the equipment can occupy the unlicensed carrier only after at least N idle CCA/ECCA slots are checked. If the CCA slot is 20μs, the N can be 2 (40μs) which is close to the DIFS of WiFi (34μs). The minimum value of random back off is N. When the down-counter of random back off value goes zero, the LAA equipment can occupy the unlicensed carrier.
When the CCA slot in LBT for LAA is shorter than that of the DIFS of WiFi (34μs), to ensure that a duration of channel as idle is similar to that of the DIFS of WiFi, one simple method is to insert an initial CCA when the counter N goes one. It is illustrated in the following Figure 2C. 
Proposal 3: The procedure of ECCA is always executed.
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Figure 2     Procedure of CCA/ECCA in LBT
3 Conclusion
In this contribution, we discussed several aspects of LBT design. We have the following observation and proposals:
Observation: LBT with random back-off with fixed size of contention window has lower complexity than that of variable size of contention window.
Proposal 1: The fixed size of CW with fixed starting point of CW should be prioritized for LBT of LAA.

Proposal 2: The starting time of CCA/ECCA is fixed at the beginning of a subframe and the first N contiguous OFDM symbol(s) of a subframe is (are) set as the contention window.
Proposal 3: The procedure of ECCA is always executed.
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