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1. [bookmark: Source]Introduction
In last RAN1 LAA ad hoc meeting, the frequency reuse was agreed as one target of LAA design [1]. 
· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design
· Above should be taken into account for design of LBT

In RAN1#80 meeting, four LBT schemes were categorized for LAA channel access [2].
· 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
· Illustrative examples
· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2
· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3
· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4

Hence there is a need to discuss and compare potential LBT schemes taking frequency reuse-1 into account. In this contribution, we provide our views on category 2/3/4. In particular, we discuss candidate reuse-1 solutions for LBT category 3/4 and possible fair coexistence schemes for asynchronous LAA/LAA operators for LBT category 2. 
2. [bookmark: _Ref410047471]LBT Schemes 

2.1. LBT category 2
FBE-based channel access as described in ETSI BRAN EN 301 893 V1.8.0 is one example of LBT category 2. With FBE-based channel access, each device performs CCA check at fixed time instants. If the channel is sensed busy, the device will have to wait till the next fixed period for another channel sensing opportunity. Clearly, it is easy for FBE based access to support frequency re-use operation for synchronous eNBs belonging to the same operator. It only requires the CCA check window to be aligned among the eNBs. Also as UEs could be aware of the potential beginning positions of the data burst, the UE detection complexity and power consumption are much reduced.
However, FBE has its own disadvantages. One disadvantage is that when LAA and Wi-Fi coexist on the same channel, FBE based access has less channel access opportunity compared to Wi-Fi and can result in the prolonged channel access delay for LAA eNBs especially in high load situations. At the same time, it gives Wi-Fi nodes higher opportunities to contend and access the channel. Another disadvantage for FBE is the unfair access among asynchronous LAA/LAA operators, which will be discussed in 3.2.
Observation 1: the FBE based channel access in EN BRAN V1.8.0 can result in high access opportunities for the Wi-Fi nodes but low channel opportunities for the LAA eNBs due to its fixed frame period and fixed CCA opportunities. 

2.2. LBT category 3
LBE procedure with a fixed q for the contention window (i.e. option B in EN 301 893 V1.8.0) belongs to LBT category 3. For this channel access, the device is allowed to perform (e)CCA at any time whenever there is a traffic demand. Compared with category 2, the position of (e)CCA check is no longer fixed for LBE. Hence, the channel access opportunity is much higher. However, due to the fact that (e)CCA could succeed at any time even within an OFDM symbol, the detection complexity and power consumption for the UEs increases in order to blindly detect the beginning of the eNB transmission burst. Further, it is not straightforward for category 3 to support reuse-1 operation for LAA, thus necessary enhancements are required. 
Observation 2: necessary enhancements for LBE based channel access (Option B) are required to support frequency reuse. 
2.3. LBT category 4
Different from category 3 with fixed contention window size, LBE Option A is newly introduced in EN 301 893 V1.8.0 with variable contention window size, which belongs to category 4. For LBE Option A, if the Operating Channel is considered to be occupied or the equipment has occupied the channel for a Maximum Channel Occupancy Time, the equipment shall perform an ECCA check in which the Operating Channel is observed for the duration of an observation period of q Observation Slots. An Observation Slot is either an Unoccupied Idle Slot (ECCA slot time) of 18us or a Busy Slot. A Busy Slot is the total time the Operating Channel was found occupied in between two unoccupied ECCA slots and shall be considered as a single Observation Slot. The initial value of q is 16 and the value of N shall be randomly selected in the range 1 to q every time an Extended CCA is required. If an Extended CCA check has found N unoccupied Idle Slots, the equipment may resume transmissions on this channel and the value of q shall be reset to its initial value. Otherwise the value of q shall be doubled for every new Extended CCA check. Once q has reached a value of 1024 and the Extended CCA check still failed to find N unoccupied ECCA slots, the value of q may be reset to the initial value of 16 for the start of the next Extended CCA check. The value of N shall be randomly selected in the range 1 to q every time an Extended CCA is required.
[bookmark: _GoBack]According to the above description, there are many differences between Wi-Fi channel access and LBE option A,  given in Table 1. 
Table 1: Comparison between Wi-Fi and LBE option A
	
	Wi-Fi
	LBE option A

	Initiation time for CCA check
	43 us
	>= 20 us

	ECCA slot time
	9 us
	18 us

	Duration for ECCA check
	N*9 us, where N~[0,CW-1] and CW has an initial value of 16 and a maximum value of 1024
	N*18 us, where N~[1,q] and q has an initial value of 16 and a maximum value of 1024

	Trigger event to increase the contention window size
	CW is doubled when transmission fails (no ACK received)
	q shall be doubled for every new ECCA check if the previous one failed to find N unoccupied ECCA slots during the Observation Slots

	Trigger event to reset the contention window size to the initial value
	ACK received
	If an ECCA check has found N unoccupied ECCA slots during the Observation Slots or once q has reached the maximum value and the Extended CCA check still failed to find N unoccupied ECCA slots during the Observation Slots



The purpose of introducing the LBE option A is to ensure the medium access fairness for LAA and Wi-Fi. However, the trigger event for the contention window size adjustment is largely different. In option A, the change of the contention window size  is based on sensing results (whether N idle slots can be found during q Observation Slots),while the trigger event in Wi-Fi is based on the transmission results, i.e. ACK or no ACK. Each ECCA check involves N slots for LBE option A, while the ECCA check is done on each individual slot for Wi-Fi. In addition, the ECCA slot in Wi-Fi is only half of that in LBT category 4. This would put the LAA eNB in a disadvantageous position compared to Wi-Fi nodes. Therefore, the fairness between LAA/Wi-Fi to access channel may not be well guaranteed by option A. Further, category 4 faces the same challenge as category 3 in terms of supporting reuse-1 operation. Thus, necessary enhancements are required for LBE option A .  
Observation 3: due to different CW size adaptation trigger event and larger ECCA slot compared with Wi-Fi, LBE option A in EN 301 893 V1.8.0 may be at disadvantageous position for LAA/Wi-Fi coexistence. Also necessary enhancements are required to support frequency reuse operation. 
Comparing the advantages and disadvantages of these approaches, the advantage of LBE over FBE in providing better coexistence between LAA and Wi-Fi is very important, especially for the high load cases. This has also been proved in the simulation results by many companies. But the exact detail of LBE needs to be investigated further.
Proposal 1: LBE-based LBT is used for LAA DL.
3. Potential Enhancements for LBT
Based on the above observations, each LBT category has its own disadvantages. For each of them, some enhancements for LAA LBT schemes would be beneficial. 
3.1. Reuse-1 support for category 3/4
For LBT category 3 and 4, the (e)CCA check could succeed at any time and thus the starting time of a transmission burst is pretty random. One LAA eNB transmitting on a channel could simply block neighbouring eNBs of the same LAA network from accessing the channel simultaneously. Hence this would result in non reuse-1 operation for LAA eNBs belonging to the same operator. Reuse 1 has been considered as one of the important features that provide LTE superior performance. This is also why we have agreed to target the design to enable frequency reuse.
Here we discuss three potential solutions:
1. One candidate solution is to find ways to distinguish whether the interference observed on the channel is from intra-operator LAA nodes or from other operator LAA nodes and Wi-Fi nodes, so that the UE may ignore this part of the signal when comparing to the energy detection threshold. One possible way is to.detect the initial signal transmitted at the beginning of the data burst [4]. That is, the initial signal could be used to identify the transmitter identification. However, this requires LAA eNBs to continuously perform signal detection to detect the initial signal in addition to energy sensing over the full bandwidth. This certainly largely increases eNB channel sensing complexity. But more importantly, the eNB cannot continuously monitor the channel due to its own transmission so it can miss the initial signals from the other eNBs. When the eNB is actually doing the energy sensing in a (e)CCA slot, the other eNBs may be transmitting data instead of sending initial signal, so it still cannot distinguish the source of the interference.
2. Another option is to adjust the CCA sensing threshold to achieve frequency reuse-1 operation. Typically, by increasing the CCA threshold, the resource multiplexing probability could be largely increased. However at the same time the interference is also increased. For example, when different eNBs belonging to different operators all increase their CCA threshold, the mutual interference from different operators is increased. Note that this approach does not differentiate different LAA operators. Even with the increased CCA threshold, this could still be fine for a certain range of CCA threshold because LAA can handle interference reasonably well. But this may incur large interference towards other Wi-Fi nodes. Typically, when one nearby Wi-Fi node is transmitting, the eNB could transmit at the same time due to the increased CCA threshold, which may not happen when with low CCA threshold. Thus the effectiveness of this option is required to be evaluated for various deployment scenarios. 
3. The third option is to mute certain subcarriers for LAA nodes during its data transmission. Different operators could have different muting pattern. The LAA nodes perform channel sensing on the pre-defined muting subcarriers/PRBs. With the same pattern within the same operator, the channel sensing will not include the transmission signal from the same operator and only measure inter-operator LAA and/or WiFi interference. This helps to differentiate the intra-operator interference from inter-operator/inter-RAT interference and thus frequency reuse-1 among the same operator can be achieved.  However, due to the muting of the pre-defined frequency resources, this option does incur additional overhead. Hence it requires careful evaluation on the tradeoff between the overhead and reuse-1 gain. Further, this requires channel sensing being performed on limited frequency resources, which may increase the detection complexity compared with the energy detection over the full bandwidth. 
Proposal 2: all three candidate solutions to support frequency reuse for category 3 and 4 (signal detection, CCA threshold adjustment, and subcarrier muting) should be further analyzed and evaluated to understand the advantages and disadvantages of each option. 

3.2. Fairness LAA/LAA coexistence for category 2
If FBE based channel access were to be considered further, enhancements should be considered to address the issue of unfair access among unsynchronized LAA/LAA nodes. As shown in Figure 1, two asynchronous LAA eNBs (eNBA and eNBB) belonging to different operators perform CCA check at the different time slots with fixed frame period. If eNBA works in a very high traffic load situation, eNBB may never find access opportunity to occupy the channel. 


Figure 1: Access unfairness between two asynchronous eNB
The following solutions have been proposed to address the unfair access among the asynchronous LAA nodes:
· Approach 1: Use adaptively configured periodicity [5];
· This approach adjusts the channel access opportunity by adaptively configure the periodicity. However, this may not really address the unfairness issue shown in Figure 1. As long as the CCA slots of the two nodes are aligned as shown in Figure 1, changing the periodicity itself does not change the fact that one busy eNB would prevent the other eNB from transmitting.
· Approach 2: Randomize the CCA timing (not fixed any more);
· Randomizing the CCA timing would largely deviate from the regulations in EN BRAN v1.8.0, where the fixed frame period and idle period is semi-static configured. Hence it is required to determine whether this randomness is allowed.
· Approach 3: Intentional muting sub-frames after a transmission burst [6];
· In this approach, muting sub-frames will cause the resource waster especially in lower traffic case. Furthermore, such mechanism is too polite in channel access, which may make the LAA in an unfair position.
· Approach 4: Coordination between the nodes [5][7].
· The first three approaches can be considered for the case when no information about the frame parameters is exchange between multiple LAA nodes. For approach 4, with the aid of information (load information, frame structure) exchanged between different nodes, coordination can solve this problem more effectively. This would require X2 interface between two operators.
Proposal 3: If LBT category 2 were to be considered further, enhancement shoud be considered to facilitate fair coexistence between asynchronous LAA/LAA eNBs.

4.  Conclusion
In this contribution, we discuss LBT categories for LAA, and make the following observations and conclusions. 
Observation 1: the FBE based channel access in EN BRAN V1.8.0 can result in high access opportunities for the Wi-Fi nodes but low channel opportunities for the LAA eNBs due to its fixed frame period and fixed CCA opportunities.
Observation 2: necessary enhancements for LBE based channel access (Option B) are required to support frequency reuse. 
Observation 3: due to different CW size adaptation trigger event and larger ECCA slot compared with Wi-Fi, LBE option A in EN 301 893 V1.8.0 may be at disadvantageous position for LAA/Wi-Fi coexistence. Also necessary enhancements are required to support frequency reuse operation. 
Proposal 1: LBE-based LBT is used for LAA DL.
Proposal 2: all three candidate solutions to support frequency reuse for category 3 and 4 (signal detection, CCA threshold adjustment, and subcarrier muting) should be further analyzed and evaluated to understand the advantages and disadvantages of each option. 
Proposal 3: If LBT category 2 were to be considered further, enhancement shoud be considered to facilitate fair coexistence between asynchronous LAA/LAA eNBs.
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