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1   Introduction
One key challenge that LAA has to address is the fair coexistence between LTE LAA and other technologies such as Wi-Fi, as well as the fair sharing of unlicensed spectrum among LAA devices from different operators. Since Listen-Before-Talk (LBT) is required by regulations in some regions for unlicensed spectrum access, LAA eNB shall conform to LBT requirements in order to be a “good neighbour”.
This contribution provides a brief introduction of LBT procedure, and analyzes potential RAN2 impacts of fulfilling LBT requirements under LAA DL scenario.
2   Discussion
2.1   LAA framework 

It has been agreed that the LTE CA framework is reused as the baseline for LAA, and that the unlicensed carrier can only be configured as SCell. The SCell over unlicensed spectrum may be downlink only or bi-directional, as depicted in Figure 1, with DL only scenario being prioritized in the SI. LAA only applies to the operator deployed small cells. Coexistence and fair sharing with other technologies is an essential requirement for LAA in all regions.
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Figure 1

LAA scenarios

2.2   LBT in EN 301.893
As an example, LBT requirements in Europe are briefly introduced in this section. For more details and the full description, please refer to EN 301.893 [1] Section 4.8.

The following are definitions of several basic terms used throughout LBT description [1]:

Listen Before Talk (LBT): mechanism by which an equipment applies clear channel assessment (CCA) before using

the channel;
Frame Based Equipment (FBE): equipment where the transmit/receive structure is not directly demand-driven but has

fixed timing.
Load Based Equipment (LBE): equipment where the transmit/receive structure is not fixed in time but demand-driven. 
Basically, an equipment (e.g, eNB, UE, AP, STA) is categorized as either FBE or LBE, and shall follow LBT requirements for its category respectively.  For example, the 802.11 LBT mechanism satisfies LBE requirements. Figure 2 [1] depicts one example of LBT operation of a FBE:
[image: image2.emf]
Figure 2
Example of Timing for Frame Based Equipment
A cycle of complete LBT procedure usually includes the following stages:

· Channel evaluation time: initial CCA check, and extended CCA check (LBE only). During the extended CCA, a random number within a specified range needs to be generated;
· Channel occupancy time: bounded by maximum channel occupancy time;

· Idle Period: duration is correlated to channel occupancy time.
CCA check and backoff mechanism are two key components of channel evaluation stage. Figure 3a illustrates the CCA check procedure for FBE, in which no backoff mechanism is needed. Figure 3b illustrates the CCA check and backoff procedure for LBE. 
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	Figure 3a   Illustration of the CCA check
  procedure for FBE
	Figure 3b    Illustration of the CCA check and backoff
   procedures for LBE (Option B)


2.3   LBT for LAA eNB DL
In order to deploy LAA eNB in regions where LBT is required, LAA eNB shall comply with LBT requirements in those regions. In addition, the LBT procedures shall be specified such that fair sharing of the unlicensed spectrum may be achieved between LAA devices themselves and among LAA and other technologies, e.g. WiFi.

As introduced in the last section, there are two categories of LBT equipments according to regulatory requirements, namely, LBE and FBE. LAA eNB should comply with LBT requirements of one category at least. 
Observation: LAA eNB should comply with LBT requirements of one category at least, either LBE or FBE.

After eNB acquires the unlicensed spectrum through LBT procedure successfully, it may notify its UEs the result so that preparations may be made accordingly for transmission, e.g., UE may start measurements. 
CCA check (FBE and LBE) and backoff mechanism (LBE) are two major components of LBT operation, and thus are worth further clarification or study in order to fulfil LBT requirement efficiently in LAA system. Since the LBT procedure is in preparation for transmitting data or signals over unlicensed channel, it is straightforward that both MAC and PHY layers are closely involved in the LBT process. Figures 4~7 illustrate our views on the interaction and function split between MAC and PHY during the CCA check and backoff operations. They can be used to help identify the potential impacts that LBT requirements brought to RAN2.

For illustration simplicity, an LAA eNB operating status is classified as in either Active State or Passive State, as shown in Figure 4.
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Figure 4

State Transition Diagram for a LAA eNB

Passive State: an LAA eNB has no need of utilizing unlicensed channels;
Active State: an LAA eNB is in need of unlicensed resources.
The transition from Passive State to Active State is triggered when radio resources over unlicensed channel is needed. Figure 5 depicts the operation in Passive State in more details, and is applicable to both FBE and LBE.
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Figure 5

Passive State operations (FBE, LBE) 
The transition from Active State to Passive State occurs when there is no more need of unlicensed channel. Figure 6 outlines the operation in Active State, assuming LBE Option B requirements, 
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Figure 6

Active State operations (LBE Option B) 

As shown in the Figure 6, PHY checks the availability of unlicensed channel and transmits (steps 1b, 2b, 3b and 6b), while MAC makes the scheduling decision and decides whether radio resources over unlicensed carrier is needed (steps 4b and 7b). In addition, MAC also generates backoff counter N (step 5b). To be more specific,  

· It is worth pointing out that scheduling decision in 4b and 7b considers both licensed and unlicensed channel resources. User data can be directed for transmission on either licensed or unlicensed channel.
· When MAC evaluates the demand for unlicensed channel resources (steps 4b and 7b), it may take PHY’s need into consideration, e.g., whether DRS will be transmitted soon.
· Step 3b includes not only the time eNB transmits data over the unlicensed channel, but also the idle period that is required to fulfil LBT requirements, as well as the short control signalling transmission duration.

-
The initial CCA check (step 2b) is triggered by the demand for unlicensed channel resources, such as MAC data and/or PHY signalling. This is in line with “demand-driven” definition of LBE.

· For ECCA check (steps 5b and 6b), MAC provides the backoff counter N and PHY is in charge of starting and performing CCA check in each of the N ECCA slots. The reason of letting MAC but not PHY generate backoff counter value N is that the MAC scheduler has the better knowledge/prediction regarding the availability of data that may be transmitted or offloaded over unlicensed carrier(s). In addition, the knowledge of value N will help MAC scheduler predict buffering delay to some extent. At the end of a failed ECCA and before PHY starts a new round of ECCA, it is reasonable for PHY to check with MAC first whether there is still any need to access the resources of unlicensed channel. If MAC scheduler prefers to use licensed carriers for data transmissions in the next several subframes, or if MAC empties its buffer already, there is no point for PHY to start a new round of ECCA. Because of the necessity of checking with MAC (step 4b) and the benefit of MAC knowing N value, it is preferred that MAC provides the backoff counter N to PHY.
Figure 7 outlines the operation in Active State following FBE requirements. Interpretation of each step is similar to that in Figure 6.
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Figure 7

Active State operations (FBE)

Proposal: New MAC functionalities that are needed to fulfil LBT requirements for an LAA eNB DL include:

· Determine whether radio resources over unlicensed carrier is needed and inform PHY accordingly;
· Trigger the initial CCA; and if necessary, generate backoff counter N to trigger the extended CCA check.
3   Conclusion
In this contribution, potential RAN2 impacts are analysed for LBT procedure, especially the CCA check and backoff mechanisms, by modelling the interaction and function split between MAC and PHY layers in Figures 4~7.

Observation: LAA eNB should comply with LBT requirements of one category at least, either LBE or FBE.

Proposal: New MAC functionalities that are needed to fulfil LBT requirements for an LAA eNB DL include:

· Determine whether radio resources over unlicensed carrier is needed and inform PHY accordingly;
· Trigger the initial CCA; and if necessary, generate backoff counter N to trigger the extended CCA check.
4   Reference
[1] ETSI EN 301 893 V1.8.0, “Broadband Radio Access Networks (BRAN); 5 GHz high performance RLAN”
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