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Discussion and Decision
1. Introduction
Channel access mechanisms are aimed at regulating what measures devices (& access points) have to take in order to avoid interfering with other systems operating in the band. The channel access mechanism on unlicensed bands in general is based on listen before talk (LBT). 

In this contribution, we provide a summary of the defined channel acess mechanisms according to ETSI regulations (clause 4.9 of [1]) and discuss the two main channel access mechanisms defined by ETSI.
2. ETSI channel access mechanisms
Channel access in general and the channel access mechanisms and transmissions described in here are only applicable/allowed provided they are not prohibited by any of the dynamic frequency selection (DFS) requirements (described in clause 4.7 of [1]).
In general, ETSI defines two types of channel access mechanisms – Frame based Equipment (FBE) and Load based Equipment (LBE). Besides, ETSI defines some Short Control Signaling Transmissions that may be used to transmit limited amount of management and control information without a need to sense the channel first (i.e. without Listen before Talk). 

Listen before Talk (LBT) according to ETSI regulation is denoted and referred to as Clear Channel Assessment (CCA). 
Below we provide a short description about these three pillars of the ETSI channel access mechanisms.
2.1 Frame based equipment (FBE)
Frame Based Equipment is operating periodically based on fixed frame period as illustrated in Figure 1. The Fixed Frame Period consist of channel occupancy time (1 – 10 ms) and an idle period. The idle period shall be at least 5% of the channel occupancy time. The device has to perform LBT periodically. The LBT/CCA is performed by observing the operating channel for a period of at least 20 µs. If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. The total time during which equipment has transmissions on a given channel without re-evaluating the availability of that channel, is defined as the Channel Occupancy Time. If the equipment finds an Operating Channel occupied, it shall not transmit on that channel during the next Fixed Frame Period.
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Figure 1. Frame based Equipment timing according to ETSI [1]
For FBE, there is also an exception for performing CCA: The equipment, upon correct reception of a packet which was intended for this equipment, can skip CCA and immediately proceed with the transmission of management and control frames (e.g. ACK and Block ACK frames). A consecutive sequence of such transmissions by the equipment, without it performing a new CCA, shall not exceed 10 ms.

LTE operates in periodic manner, and has fixed frame length, so in that sense the FBE resembles LTE. However, the periodic operation limits the opportunities for getting the channel access. 

2.2 Load based equipment (LBE)
Unlike for FBE, Load Based Equipment is not restricted to perform LBT/CCA according to a certain frame structure, i.e. periodically. Instead, LBE may perform LBT (CCA) whenever it has data to transmit. Unlike in FBE, the CCA procedure is modified after equipment finds the channel occupied or has already transmitted for the maximum time and needs to continue transmission. The key points can be summarized as follows [1]:
· Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect".

· If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. The total time that an equipment makes use of an Operating Channel is the Maximum Channel Occupancy Time which shall be less than (13/32) × q ms, where q= {4…32}. I.e. when q=32, the Maximum Channel Occupancy Time = 13 ms.

· If the equipment finds an Operating Channel occupied, it shall not transmit in that channel. 

· The equipment shall then perform an Extended CCA check in which the Operating Channel(s) is/are observed for the duration of a random factor N multiplied by the CCA observation time. 

· N defines the number of clear idle slots resulting in a total Idle Period that need to be observed before initiation of the transmission. 

· The value of N shall be randomly selected in the range 1..q every time an Extended CCA is required and the value may be stored in a counter. 

· The counter (i.e. value of N) is decremented every time a CCA slot is considered to be "unoccupied". 

· When the counter reaches zero, the equipment may transmit.

LBE method maximizes channel utilization in the sense that device can utilize all transmission opportunities, not having to wait for the fixed frame period. On the other hand, longer CCA periods have to be tolerated. Moreover, added flexibility in starting the transmissions may cause more complicated interference scenarios.
3.3 Short control signalling transmissions
Short Control Signaling Transmissions are transmissions used to send management and control frames (e.g. ACK/NACK signals) without sensing the channel for the presence of other signals. If implemented, Short Control Signaling Transmissions of Adaptive equipment shall have a maximum duty cycle of 5 % within an observation period of 50 ms.

Short control signaling may allow LTE to transmit most important periodically transmitted signals and channels, e.g. synchronization signals. 
Short Control Signaling Transmissions are possible in combination with both frame based equipment and load based equipment. A more detailed discussion on how short control signaling transmissions can potentially be used in the LTE LAA context can be found in [2].
3. Frame based versus Load based Operation

In this section we discuss the operational differences of frame based equipment (FBE) and load based equipment (LBE) based on ETSI regulations [1]. 
Looking at Frame Based Equipment (FBE), the Listen before Talk (LBT) procedure occurs periodically at predefined time instances according to a predefined frame structure. The periodicity is given by the channel occupancy time plus the needed idle period (that is used also for LBT/CCA operation).

Also LTE is having a fixed frame structure (10ms frames consisting of 1ms subframes) and in this respect, using FBE might seem as a very simple way to enable LTE LAA. Moreover, the LTE TDD principles of having e.g. a fixed UL/DL split might be easier mapped to FBE operation. The advantages of a fixed frame structure are of course visible especially in terms of interference coordination capabilities as extensively used in LTE (e.g. (f)eICIC, alignment of DL and UL transmission directions in neighboring cells, protection of certain DL and UL subframes from cross-link interference in eIMTA, etc.).
On the down-side, FBE has very limited opportunities for getting access to the channel (i.e. exactly the 20us CCA slot before the start of the frame needs to be unoccupied). In contrast, LBE type of operation enables to grab the channel as soon as it is seen unoccupied. 
Therefore, LBE might grab the channel any time as it sees the channel available and not just on a single specified point in time. In this respect, even a short transmission by a node during the CCA time before the start of the frame period will prevent a FBE to transmit until the next frame period (where again the same might happen). Therefore, it seems that FBE with longer frame periods (such as e.g. 10ms) will have less opportunities to transmit especially in case some LBE type of operation take place on the same carrier.
A second thing to consider is the combined UL/DL operation. Due to the fixed frame structure, some adaptive or even dynamic UL/DL split based on FBE regulations might not be easily possible. This of course might result in lower performance compared to some LBE approaches, as the clearly load driven LBE operation could more easily enable a very flexible and dynamic UL/DL split. 

Observation on FBE:

· Relying on a frame structure as given by frame based equipment operation might suit better the LTE frame thinking and the related carrier aggregation operation intended for LTE LAA.
· Operating FBE with a long fixed frame structure (e.g. 10ms) might result in a low chance to find the channel unoccupied (low channel utilization) when co-existing with some LBE on the same carrier.

· The fixed frame structure and corresponding fixed UL/DL split of FBE might result in lower performance compared to operation based on demand (load)-driven dynamic UL/DL resource split that LBE could enable.

In contrast, with Load based Equipment (LBE) type of operation the channel can be used / grabbed as soon as it has been sensed as unoccupied according to the CCA/eCCA rules. Thus, any kind of transmission opportunity also outside some frame structure thinking can be utilized. This might result in a higher channel utilization rate and corresponding throughput when considering co-existance with other systems on unlicensed bands. As discussed above, having fully uncoordinated LBE operation will reduce the options for interference management and also might cause cross-link interference.
On the other hand, having LTE LAA as a SCell in terms of carrier aggregation will require at least some kind of frame structure that LBE operation in its purest form is not supporting.

Observations on Load based Equipment (LBE) operation:
· Might result in higher channel utilization compared to FBE in terms of co-existance with other systems.

· Avoiding potential cross-link interference might be hard with fully uncoordinated LBE operation.

· Carrier aggregation operation might be hard to operate with fully uncoordinated LBE operation having no timing relations with the PCell at all.
The studies will need to consider these two basic types of operations. As noted, already from the required carrier aggregation framework support point of view, adaptations including some timing relations to LBE type of operation would be needed to make LBE applicable to LTE LAA. It may for example mean that LBE type of channel access timing is embedded to LTE frame structure.
4. Summary
In this contribution, we summarize the defined channel access mechanisms according to ETSI BRAN regulation [1] and discuss two basic channel access mechanisms of Frame based Equipment (FBE) vs. Load based Equipment (LBE). 

The pillars of the channel access mechanisms according to ETSI regulations [1] can be summarized as follows:

· Channel access is in principle only possible after successful dynamic frequency selection (DFS) for bands requiring DFS (i.e. 5.25-5.35 & 5.47-5.725 GHz)
· Frame based Equipment (FBE)
· Operates periodically, based on some defined fixed frame timing

· The node is to perform ≥20us clear channel assessment (CCA) before starting a transmission at a fixed point in time
· The fixed frame period consists of channel occupancy time and idle period.

· The channel occupancy time can be within the range from 1 – 10ms.
· The idle periods needs to be ≥5% of the channel occupancy time
· (CCA can be performed during the idle period)
· Load based Equipment (LBE)

· Channel access is not limited to fixed frame timing (in contrast to FBE)

· The maximum channel occupancy time is limited to q*13/32ms, where q is a value to be chosen in the range of q([4,..,32]. Therefore, the maximum channel occupancy time for LBE in general comes to 13ms (with q=32).  

· The node is to perform CCA - or if the channel found occupied and after finalizing some transmissions an extended clear channel assessment (eCCA)

· The maximum eCCA observation time is given by q*20us
· The actual maximum eCCA is given by rand[1,q]*20us
· The required minimum idle time is limited only by the TX-RX and RX-TX switching times and the needed time for CCA/eCCA.

· Short control signaling transmissions

· Can be used to transmit short control messages without the need to perform LBT/CCA.

· A maximum duty cycle of 5 % within an observation period of 50ms is allowed
· Allowed in combination with frame based (FBE) as well as load based equipment (LBE) operation
In the discussion on FBE vs. LBE the following observations are to be noted:

Observations on Frame based Equipment (FBE) operation:

· Relying on a frame structure as given by frame based equipment operation might suit better the LTE frame thinking and the related carrier aggregation operation intended for LTE LAA.

· Operating FBE with a long fixed frame structure (e.g. 10ms) might result in a low chance to find the channel unoccupied (low channel utilization) when co-existing with some LBE on the same carrier.

· The fixed frame structure and corresponding fixed UL/DL split of FBE might result in lower performance compared to operation based on demand (load)-driven dynamic UL/DL resource split that LBE could enable.
Observations on Load based Equipment (LBE) operation:
· Might result in higher channel utilization compared to FBE in terms of co-existance with other systems.

· Avoiding potential cross-link interference might be hard with fully uncoordinated LBE operation.

· Carrier aggregation operation might be hard to operate with fully uncoordinated LBE operation having no timing relations with the PCell at all.
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