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1. Introduction
An objective of the LAA SI [1] is to find a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. LAA Study Item description provides also some guidance on the preferred solutions [1]: 
· The identified enhancements should reuse the features of LTE as much as possible. It should be avoided to duplicate work done in other LTE work/study items.
· The study will cover both single and multi-operator scenarios, including the case where multiple operators deploy LTE in the same unlicensed spectrum bands. 
· High priority should be on the completion of the DL only scenario.
It was agreed in RAN #78bis that Listen-before-talk (Carrier Sensing) and Discontinuous transmission on a carrier with limited maximum transmission duration are among functionalities identified to be required for an LAA system to meet regulatory requirements in some regions/bands.
In this contribution we identify candidate solutions for Listen-Before-Talk (LBT) and channel access based on ETSI rules defined in [3]-[5]. Both DL-only and TDD (i.e. UL and DL) scenarios are covered. The contribution is arranged in the following way: Section 2 discusses properties of the preferred solutions. ETSI rules for Frame Based Equipment (FBE) and Load Based Equipment (LBE) are summarized in Section 3. Section 4 discusses LBT design aspects for LTE LAA, and summary is given in Section 5.
2. Properties of the candidate solutions
Different regions have different regulatory requirements for unlicensed band operation. Those have been summarized in [2]. In Europe, the regulations mandate the equipment operating on unlicensed spectrum to implement LBT by performing Clear Channel Assessment (CCA) before starting a transmission, to verify that the operating channel is not occupied. A summary of the defined channel access mechanisms according to ETSI regulations is given in [6].
ETSI documents [3]-[5] define European regulatory requirements for 5GHz unlicenced band. Two applicable types to equipment have been defined: Frame Based Equipment (FBE), and Load Based Equipment (LBE). The key properties of two equipment types are summarized in Section 3 and Section 4. It is noted that ETSI rules form a set of criteria, which “a single global solution” defined in LAA SI [1] should fulfill. From that perspective they form a good starting point for such a global solution. 
Observation #1: A single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum must fulfill, besides others, the LBT rules defined by ETSI. 

From procedure point of view, a node operating according to LBT rules performs the following operations on unlicensed spectrum:
· Listening phase (Rx) 
· Rx-Tx transition (GP)
· Transmission phase (Tx)
· Tx-Rx transition (GP)
It is noted that very similar operations are supported already by Frame structure type 2 defined for LTE TDD.  Furthermore, it is stated in [1] that LAA enhancements should reuse the features of LTE as much as possible. Hence, it makes sense to utilize Frame structure type 2 and especially Special subframe functionality as much as possible when constructing LBT support for LTE.
Proposal #1: Frame structure type 2 building blocks are used to facilitate LBT. 



Figure 1. Frame structure type 2 (from TS 36.211). 
It is stated in [1] that the LAA deployment scenarios in focus include LTE Carrier aggregation where PCell (either LTE FDD or LTE TDD) operates in licensed spectrum and one or more low power Scell(s) operate in unlicensed spectrum. Scell(s) is either DL only or includes both UL and DL. This means that LBT must be able to be operated in at least two different scenarios:
(1) DL only scenario where only eNBs need to implement LBT 
(2) TDD scenario where both UEs and eNBs need to implement LBT. 
It is quite straightforward to arrange LBT in the DL only scenario (see Section 5). However, in the case of TDD scenario some coordination between Transmission and Reception phases is needed:
· eNB should never transmit at the time when an UE in the cell is performing LBT/CCA.
· UEs in the cell should never transmit when the eNB is performing LBT/CCA.
Furthermore, it should be taken into account that the support for TDD operation on the unlicensed band (i.e. UE supporting both UL and DL) may also be a UE category dependent feature. For that reason, LBT/CCA arrangement should be flexible enough to support coexistence of two UE categories, DL only and TDD (UL& DL) in the same LAA cell. 
Proposal #2: LBT/CCA arrangement should be flexible enough to support coexistence of two UE categories, DL only and UL & DL in the same cell. 

3. Frame based equipment and Load based equipment
Frame Based Equipment is the equipment where the transmit/receive structure is not directly demand-driven but has fixed timing. The corresponding European regulatory rules are defined e.g. in [3] and can be summarized as follows:
· LBT/CCA is performed periodically at predefined time instances according to a predetermined frame structure. The periodicity (Fixed Frame Period) = Channel Occupancy Time + Idle Period (see Figure 2).
· The Channel Occupancy Time shall be in the range 1 ms to 10 ms and the minimum Idle Period shall be at least 5 % of the Channel Occupancy Time used by the equipment for the current Fixed Frame Period.
· 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 2. Timing diagram for Frame Based Equipment [3].

Unlike for FBE, Load Based Equipment is not restricted to perform LBT/CCA according to a certain frame structure, i.e. at fixed defined times. Instead, LBE may perform LBT (CCA) whenever it has data to transmit. The key points can be summarized as follows [3]:
· 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 is decremented every time a CCA slot is considered to be "unoccupied". 
· When the counter reaches zero, the equipment may transmit. 

When comparing FBE vs. LBE the following observations can be made [6]:
Observations on Frame based Equipment (FBE) operation:
· Relying on a frame structure as given by frame based equipment operation may 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) may 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 may 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:
· LBE may allow for higher channel utilization compared to FBE in terms of co-existence with other systems.
· Avoiding potential cross-link interference may be hard with fully uncoordinated LBE operation.
· Carrier aggregation may be hard to operate with fully uncoordinated LBE operation having no timing relations with the PCell at all.


4. LBT for LTE LAA
When comparing LBE and FBE approaches for LTE LAA, it can be noted that LBE is a good solution for DL [9]:
· It maximizes the number of opportunities for eNB to get the channel for DL operation
· LBE allows for maximized DL throughput and minimized scheduling delays 
· LBE also provides fair coexistence e.g. with WiFi.

On the other hand, the UL scenario is quite different compared to DL. First of all, following the current LTE UL operation, the UE can transmit only with the permission of the eNB. In order to reuse features of LTE as much as possible this principle should be maintained also with LTE LAA. Another fact is that LBT/CCA must be synchronous between UEs frequency domain multiplexed on the same 20MHz carrier. Otherwise, the first UE would reserve the operating channel and the other UEs would see it as occupied, which would basically prevent any FDMA of LAA UEs in UL. The third aspect is that FBE operation facilitates good interference coordination within LTE LAA network since it allows for synchronizing UL transmissions also between neighboring synchronized cells. Based on these arguments we make the following proposal:

Proposal #3: LTE LAA Uplink operation should consider as a baseline ETSI rules defined for Frame Based Equipment.
Proposal #4: LTE LAA Downlink operation should consider as a baseline ETSI rules defined for Load Based Equipment.

In the following we depict the LTE LAA operation where UL operation is based on ETSI rules defined for FBE and DL operation is based ETSI on rules defined for LBE, respectively.
UL operation based on FBE
Figure 3 shows the FBE operation principle for LAA UL. LTE TDD with UL-DL configuration #3 is used as a reference.  
· UE transmissions follows rules defined for FBE:
· Fixed Frame Period is set to be 10 ms (i.e. 10 subframes) in the current example
· Maximum Channel Occupancy Time includes of 9 full subframes + 1 fractional subframe (similar to DwPTS block but in the UL) with 7 SC-FDMA symbols
· Idle Period (GP) consists of 7 SC-FDMA symbols. Duration of Idle Period is 5.26% of the Channel Occupancy Time
· LBT/CCA takes place at the end of the Idle Period (i.e. before the start of the subframe boundary).
· Fully flexible UL/DL adaptation
· UE can transmit only with the permission of eNB (inline with normal UL operation)
· UL transmission can start only at the beginning of Fixed Frame Period (FFP)
· eNodeB may schedule UE (UL) in 0 – 10 subframes from the beginning of each FFP.
· Subframes not scheduled for UL in the given FFP can be used for DL according to eNB’s scheduling decision.
· Providing time for CCA and DL/UL switching
· DL subframe preceding the first UL subframe contains GP to facilitate UEs’ CCA measurement as well as Rx-Tx (DL-UL) switching
· DwPTS or Special subframe can be used to provide this functionality 
· Timing Advance principle used in LTE TDD facilitates UE’s Tx-Rx (UL-DL) switching.
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Figure 3. Example of LAA UL operation according to rules defined for FBE.

DL operation based on LBE
One of the basic features of LTE is synchronous UE operation combined with the predefined subframe structures. Furthermore, the considered LAA deployment scenario corresponds to LTE Carrier aggregation where Scell(s) operating in unlicensed spectrum needs to be synchronized with PCell operating in licensed spectrum. For these reasons, and as discussed also in [7], synchronous operation is preferred with LBE.
Figure 4 shows the LBE operation principle for LAA DL. Again, LTE TDD with UL-DL configuration #3 is used as a reference.
· Majority of subframes and related operations can be kept unchanged compared to LTE. However, there are certain specific subframes that needs to be considered in order to support LTE LAA based on rules defined for LBE:
· The first DL subframe of the Channel Occupancy
· Due to eCCA –procedure, LBE operation needs to support variable starting timing of the transmission  DL Subframe shortened from the beginning
· A reservation signal needs to be transmitted in order to reserve the channel from the time the channel gets available till the start of the next regular subframe. See more details in [8].
· The last DL subframe of the Channel Occupancy 
· DL subframe preceding the first UL subframe contains GP to facilitate UEs’ CCA measurement as well as Rx-Tx switching  DL Subframe shortened from the end
· Similar subframe is needed in order to maximize the duration of DL part within limitatins given by the regulator.
· DwPTS or Special subframe can be used to provide this functionality.
· UL resources can be taken dynamically into DL usage. This provides fully flexible UL/DL adaptation based on eNB scheduling decision. 
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Figure 4. Example LAA DL operation according to rules defined for LBE.

Flexible LTE LAA configuration
As discussed above, configuration related to UL Fixed Frame Period defines the properties of the LTE LAA. Figure 5 shows a few examples of the LTE LAA configurations and related eNB’s scheduling decisions.
· LTE LAA operates according to DL only scenario in the case when UL Fixed Frame period is not defined
· The current solution supports fully dynamic UL/DL traffic adaptation
· LTE LAA configuration can be used to facilitate eIMTA-type of interference coordination within LTE LAA network. See more details in [9].
The current solution will also enable both phased introduction of LTE LAA UL functionality as well as supporting coexistence of two UE categories, DL-only and UL & DL in the same cell. Based on the above mentioned aspects we make the following proposals:
Proposal #5: LTE LAA shall support configurable burst length and flexible UL/DL operation.
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Figure 5. Example of flexible LTE LAA configuration.

5. Summary
In this contribution we have discussed candidate solutions for Listen-Before-Talk (LBT) and channel access based on regulatory rules defined by ETSI. Based on the discussion we make the following observation and proposals:
Observation #1: A single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum must fulfill, besides others, the LBT rules defined by ETSI.
Proposal #1: Frame structure type 2 building blocks are used to facilitate LBT. 
Proposal #2: LBT/CCA arrangement should be flexible enough to support coexistence of two UE categories, DL-only and UL & DL in the same cell.
Proposal #3: LTE LAA Uplink operation should consider as a baseline ETSI rules defined for Frame Based Equipment.
Proposal #4: LTE LAA Downlink operation should consider as a baseline ETSI rules defined for Load Based Equipment.
Proposal #5: LTE LAA shall support configurable burst length and flexible UL/DL operation.
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