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1   Introduction
In RAN2#89 meeting, RAN2 agreed that LBT for DL data transmission will not impact data reception at MAC of UE while LBT for UL data transmission will impact MAC of UE. This contribution discusses in more details the impacts that are brought to UE MAC due to LBT requirements for UL data transmissions, e.g., the triggering and control of CCA operation.
2   Discussion
LBT is required by regulations in some regions for accessing unlicensed spectrum. It was agreed that eNB should conform to LBT requirements in order to be “good neighbour”, while there is no conclusion in RAN1 on whether LBT is mandatory for UE before staring UL transmission. One candidate approach is that eNB may occupy the channel on UE’s behalf until the UL transmission is initiated by the UE. The main motivation for this solution is to ensure that the channel is available at scheduled timing for uplink transmission, and to facilitate multiplexing multiple UEs for uplink transmissions in one subframe. However, due to hidden node issue, UE may encounter different channel interference level from what the eNB experiences. Furthermore, the channel availability may change during the 4ms gap between the time when UE receives the UL grant and the time when UE can perform the scheduled UL transmissions. Therefore UE may still need to perform LBT before actual UL transmissions in order to avoid undesired interferences to other devices sharing the spectrum.
In the following sections, UE behavior in support of LBT operations is discussed for LBE and FBE type of equipments, respectively. 
2.1   UL LBT operation for FBE UE
For a UE categorized as FBE, the CCA of LBT operation is performed before the fixed frame period starts. Once the UE detects a clear channel after CCA, it may transmit in UL during the fixed frame period which is counted towards channel occupancy time, as depicted in Figure 1.
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Figure 1
UL LBT operation for FBE UE
UL resources of unlicensed SCell may be allocated by the unlicensed SCell itself or by another serving cell through cross carrier scheduling. UE MAC should indicate PHY to perform CCA if UL transmissions need to be performed in the following fixed frame period, e.g., if UE has received UL grant for HARQ new or retransmissions. However, if an UL grant is received but the UE already occupies the channel until the beginning of the next fixed frame period from which the UL transmission is scheduled to start, LBT is not necessary before the next fixed frame period as long as the maximum channel occupancy time is not exceeded. Exact timing of starting the CCA can be further evaluated, e.g. a point in time between UL grant reception and the configured fixed frame period start. MAC can refer to PHY timing definitions. If UE determines that the channel is clear after CCA, the corresponding UL transmissions may be performed. 
2.2   UL LBT operation for LBE UE

For LBE UE, the transmit/receive structure is not fixed in time but demand-driven according to the definition in [2]. Therefore, UE performs CCA when it plans to perform UL transmissions. In addition, backoff procedure and extended CCA (ECCA) are defined for LBE UE. Different contention window schemes are currently under evaluation by RAN1, e.g. random back-off with fixed or variable size of contention window. An example of UL LBT for LBE UE is illustrated in Figure 2.
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Figure 2
UL LBT for LBE category UE

2.3   Interactions between MAC and PHY at UE for UL LBT operation
The concept of two states was introduced in [1] for DL LBT operation by the eNB. This model applies to UE as well for UL LBT operation, as illustrated in Figure 3:
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Figure 3
UE State Transition Diagram for UL LBT
Passive State: an LAA UE is not instructed to utilize unlicensed channels;

Active State: an LAA UE is instructed to utilize unlicensed channels.

The transition from Passive State to Active State is triggered when UL grant over unlicensed channel is received by the UE. Figure 4 depicts the operation in Passive State in more details, and is applicable to both FBE and LBE.
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Figure 4
Passive State operations (FBE, LBE) 

The transition from Active State to Passive State occurs when there is no more need of accessing unlicensed channel or when the UL grant over the unlicensed carrier is no longer valid. Figure 5 outlines the operation in Active State following FBE requirements. 
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Figure 5
Active State operations (FBE)

As shown in Figure 5, PHY performs CCA at step 3b, after MAC determines if and when UL LBT shall start (steps 1b and 2b). MAC also prepares data for UL transmission (step 4b).

Figure 6 outlines the operation in Active State, assuming LBE Option B requirements. Interpretation of steps 1b~4b is similar to that in Figure 5. In addition, MAC also decides whether radio resources over unlicensed carrier is needed (step 6b), and generates backoff counter N (step 7b) when needed.
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Figure 6
Active State operations (LBE Option B)

For ECCA check (steps 7b and 8b), 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 6b) and the benefit of MAC knowing N value, it is preferred that MAC provides the backoff counter N to PHY.
Based on the above analysis, the impacts that are brought to UE MAC due to LBT requirements for UL data transmission are:
Proposal: New MAC functionalities that are needed to fulfil LBT requirements for a LAA UE UL include:

· Determine whether radio resources over unlicensed carrier is needed;
· Trigger the PHY to perform initial CCA; and if necessary, generate backoff counter N to trigger the extended CCA check in PHY.

3   Conclusion
This contribution discusses the impacts that are brought to UE MAC due to UL LBT operations for FBE and LBE UE.
Proposal: New MAC functionalities that are needed to fulfil LBT requirements for a LAA UE UL include:

· Determine whether radio resources over unlicensed carrier is needed;

· Trigger the PHY to perform initial CCA; and if necessary, generate backoff counter N to trigger the extended CCA check in PHY.
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