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1. Introduction

In RAN1#78bis, the following functionalities were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1], where LBT (Listen-before-talk) is considered as a pre-requisite functionality for coexistence of LAA with inter-operator/RAT networks
· 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
In RAN1#79, the following was agreed regarding subframe alignment and LBT operation for DL LAA [2].
	Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization


In RAN1#80, the following was agreed to categorize LBT schemes for evaluation of coexistence performance of LAA [3].
	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
· 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


If TX burst (transmission burst) start timing with LBT operation is limited (e.g. as in FBE based LBT operation [4]), there can be potential problem of unfairness between neighbour cells on the channel access chance depending on the timing difference between neighbour cells, which can happen in both DL and UL. This paper analyzes the potential problem and discusses possible solutions.

2. Problem of sustained unfairness
Depending on the LBT mechanism, possible timing for starting TX burst transmission may be fixed to certain portions in time. Moreover, CCA gap [6][7] may have to be introduced to allow transmission of TX bursts over consecutive subframes. For example, for FBE-based LBT operation [4], start of TX burst transmission of a eNB/UE may be allowed only at (a set of) subframe boundaries and last a few OFDM/SC-FDM symbols in each subframe (or a set of subframes) should be kept as idle period which can be regarded as CCA gap, as depicted in figure 1.
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Figure 1. Examples of restricted TX burst start timing and idle time
With fixed or limited TX burst start timing within a CCA gap, there can be an unfairness problem if the two transmission nodes’ CCA gaps are partially overlapped with a same timing difference sustained for a long time. Figure 2(a) depicts the problem assuming FBE-based LBT operation. As shown in figure 2(a), transmission of node 2 in a frame is always blocked when node 1 wants to transmit something in an overlapped frame. On the other hand, if CCA gaps of two nodes are not overlapped, fairness between two nodes can be achieved in a long term as depicted in figure 2(b). As shown in figure 2(b), regardless of the relative timing between two nodes, once a node acquires channel and starts to transmit, it can continue to acquire the channel and transmit consecutive TX bursts. Therefore, fairness between two nodes can be achieved assuming each node can have a chance to acquire the channel in the long run.
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(a) CCA gap of two nodes are overlapped: unfairness problem
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(b) CCA gap of two nodes are not overlapped: no unfairness problem
Figure 2. Unfairness problem according to the two nodes’ timing difference

Figure 3 shows system level evaluation results of DL UPT performances with two coexisting LAA operators, where 4ms frame length FBE-based LBT operation and 3 OFDM symbol CCA gap (idle period) in the last part of each frame duration are assumed. More detailed simulation assumptions are shown in the annex. In the results, large gap of UPT performances of two operators are observed when CCA gaps are overlapped with a given timing order while no performance gap is found in case of no CCA gap overlapping.
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Figure 3. DL UPT performances according to the two operators’ timing difference (Indoor, single carrier)
Observation 1: For LBT with restricted TX burst start timing with a CCA gap, unfairness problem can happen if two neighbour nodes’ CCA gaps are partially overlapped with a sustained timing difference
3. Solutions to solve sustained unfairness problem
In order to solve the unfairness problem due to a sustained timing order between two nodes, it can be considered to randomize TX burst start timing of each node. Followings are examples of this approach.
· semi-static TX burst start timing randomization
LBT parameter such as subframe set where CCA operation is allowed can be semi-statically changed by a given random rule. More specifically, assuming FBE-based LBT operation, period and/or offset of FBE frame defined for LBT operation can be semi-statically changed.
· TX burst start timing randomization by extended CCA
TX burst start timing can be randomized within each CCA gap by introducing random back-off and reservation signal within CCA gap, which can be considered as a sort of LBE-based LBT operation whose TX burst start timing is limited within CCA gap. Figure 5 depicts this operation (in the example, CCA operation is shown to be limited within CCA gap just for convenience).
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Figure 5. TX burst start timing shift

Since actual existence or significance of the sustained unfairness problem depends on the detailed design of LBT operation, further study is necessary on the necessity and solution for it.
Suggestion 1: Study potential unfairness problem due to sustained timing difference between neighbour nodes and the candidate solutions if LBT schemes with limited TX burst starting position is to be considered.
4. Summary and conclusions

In this paper, we discussed potential unfairness problem due to sustained timing difference between neighbour nodes and the candidate solutions. The observations and suggestions of this paper are summarized as follows.
Observation 1: For LBT with restricted TX burst start timing with a CCA gap, unfairness problem can happen if two neighbour nodes’ CCA gaps are partially overlapped with a sustained timing difference

Suggestion 1: Study potential unfairness problem due to sustained timing difference between neighbour nodes and the candidate solutions if LBT schemes with limited TX burst starting position is to be considered.
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Annex. Evaluation assumptions
Table 1. System-level evaluation assumptions
	
	LAA
	WiFi

	Macro cell layout
	19 sites

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	24 us
	8 us

	Tx burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop



































