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1 Introduction

In RAN1 #78bis, high level required functionalities and design targets for “Licensed Assisted Access using LTE” were discussed. Following agreements were made [1]:

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· 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

*Note: not all functionalities may have a spec impact.

*Note: not all functionalities would be mandatory for all LAA eNBs/UEs.
In this contribution, we discuss the details in support of Listen-before-talk for LAA. 
2 Discussion
2.1 Regulatory requirements for listen before talk

In order to provide a flexible fair adaptive channel access mechanism, regulatory requirements of European and other countries mandate the usage of the LBT in the unlicensed 5150-5350MHz and 5470-5725MHz bands. Each device should perform Clear Channel Assessment (CCA) based on energy detection before accessing the channel. The device is not allowed to access the channel when the channel is busy according to CCA.

According to ETSI specification [2], a device transmitting on unlicensed band shall work with either frame-based or load-based LBT, named as Frame Based Equipment (FBE) and Load Based Equipment (LBE) [2], as shown in Figure 1.
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Figure 1:  Illustration of frame based LBT (left) and Load based LBT (right)
Frame based LBT has a strict frame structure, in which a fixed frame period is composed of a channel occupancy period and an idle period. According to ETSI spec, the channel occupancy time shall be in the range of 1 ms to 10 ms and the minimum idle period shall be at least 5 % of the channel occupancy time. CCA shall be performed in the idle period. After a successful CCA check, i.e. the channel is identified as not occupied, an FBE device may transmit immediately on the next frame. Otherwise, no transmission is allowed.
In load based LBT, no fixed frame period is defined. The LBE shall check the channel availability with “extended CCA” when it has traffic to transmit. In the extended CCA check, the operating channel shall be observed for the duration of the CCA observation time multiplied by a random factor N. The value of N is defined as a counter and is randomly selected in the range of 1 to q, where q is determined by the manufacturer. The counter is decremented every time a CCA slot is considered to be “unoccupied”. The device is allowed to transmit on the channel when the counter reaches zero. The maximum channel occupancy duration is limited to less than 13ms in this case.
It is noted that CSMA/CA channel access scheme adopted in WIFI is similar to a load based LBT.
2.2 Design principles of LAA
In the design of LBT for LAA, following design principles should be considered.

· Friendly co-existence with WIFI

As described in the SID, LAA shall not impact WIFI services more than an additional WIFI network on the same carrier. Therefore the design of LBT for LAA should strive for minimizing the impact to WIFI system.

· High LAA spectrum efficiency
LTE was designed for frequency reuse factor 1 in a multi-cell deployment scenario, which contributes to the high spectrum efficiency. In order to inherit the advantage of LTE design as much as possible, small cells with frequency reuse factor 1 should be supported in LAA.

· Pcell and Scell timing alignment
The Rel-13 LAA design assumes that unlicensed carriers are integrated into LTE as secondary serving cells. The existing carrier aggregation function requires that the Scell should be time aligned with the Pcell. In order to reuse the CA framework and reduce the impact on both specification and implementation, the time alignment between the LAA unlicensed carrier and the LTE licensed carrier should be maintained.
Proposal 1: The following design principles should be considered in LAA design

· Supporting friendly co-existence with WIFI
· Supporting frequency reuse factor one for an operator
· Assuming alignment of Pcell and Scell timing.
2.3 Clear channel assessment
CCA check based on energy detection is a common requirement for frame based LBT and load based LBT, the observation time of which shall be no less than 20us. In LBT, CCA check is mandated for each device that transmits on the unlicensed frequency, including LAA eNB and UE.
For DL only scenario, LAA eNB shall perform CCA check before transmission. LAA eNB may transmit PDCCH/ePDCCH and PDSCH in a DL subframe after successful channel access. 
When UL is allowed in unlicensed frequency, following the current LTE design, UL grant should be transmitted before UE’s PUSCH transmission at least 4 subframes in advanced. When making the UL scheduling decision, the eNB cannot know whether the channel at the UE side is occupied or not. To meet the regulatory requirement, the scheduled UE shall perform CCA check and can transmit PUSCH following the eNB scheduling after a successful CCA check. Otherwise, the UE shall not transmit the PUSCH. 
Proposal 2: Both LAA eNB and UE shall perform CCA check before transmission. An LAA UE shall follow the eNB scheduling for PUSCH transmission after a successful CCA check and shall not transmit PUSCH otherwise.
2.4 Design of frame based LBT for LAA
As a frame based system, LTE is more suitable for frame based LBT. It would be possible to introduce frame based LBT to LAA so that low specification and implementation impacts can be expected. In frame based LBT, the CCA check can only be done at fixed time slots so that the channel accessibility is limited. In the co-existence scenario of LAA and WIFI, based on the CSMA/CA mechanism, WIFI may take ownership of the channel in any time within a frame period if the channel is unoccupied. Therefore LAA with frame based LBT could have smaller channel access probability than WIFI. 
· For DL only transmission

For DL only LAA scenario, a certain frame structure shall be defined for frame based LBT on the unlicensed frequency. An example with 10ms frame period is shown in figure 2. The idle period is defined in the last subframe of a frame so that CCA check can be performed. According to the regulatory requirements, the idle period shall be at least 5% of the maximum channel occupancy time, i.e. around 0.5 subframe in this example. Therefore the utilization of the OFDM symbols in the 1st slot of the idle subframe for data transmission can be considered. Existing RE mapping for DwPTS in frame structure type 2 can be reused for these subframes.

There are different regulatory requirements for the maximum channel occupancy time in LBT, e.g. not exceeding 10ms in Europe and 4ms in Japan. To provide a global unified solution, LAA shall support configurable channel occupancy time. One possible way is that network configures the periodicity and offset for the idle subframe. As shown in figure 3, idle subframe can be configured as once every 5ms to meet the maximum 4ms channel occupancy time. In this case the resources in idle subframes cannot be utilized for data transmission.
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Figure 2: LAA DL only with frame based LBT (10ms frame period)
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Figure 3: LAA DL only with frame based LBT (5ms frame period)
Proposal 3: The periodicity and offset of idle subframes shall be configurable for DL only frame based LBT LAA.
· For DL+UL transmission

For LAA supporting both DL and UL transmission on unlicensed frequency, LTE frame structure type 2 is a natural choice. With a preconfigured UL-DL pattern, the eNB and UE can only access the DL subframe and UL subframe, respectively. The UL-DL configuration can be dynamically adapted according to the traffic requirements, e.g. following the signaling mechanism defined in Rel-12 eIMTA. Furthermore, DL and UL transmissions in LAA small cells should be synchronous to avoid cross-link interference, similarly as existing TDD networks. Existing UL-DL configurations shall be reused. The eNB and the UE need to perform CCA check before successive DL and UL subframes, respectively. The periodicity and position of CCA and maximum channel occupancy time of eNB and UE can be controlled by the network using different DL-UL configurations.

An example is shown in figure 4 using TDD UL-DL configuration #3 for unlicensed frequency, in which the fixed frame period is regarded as 10ms and the maximum channel occupancy time for eNB and UE is no more than 7ms and 3ms, respectively. In this example, the UE CCA check shall be performed in the GP of special subframe and may transmit in later UL subframes after a successful CCA check. The eNB CCA check shall be performed in the idle period before subframe #5, for which sufficient idle period can be created by using UL timing advance and possibly configuring cell specific SRS symbol in subframe #4 by the eNB. 
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Figure 4: LAA supporting DL+UL with frame based LBT
In order to meet the requirement of shorter maximum channel occupancy time, UL-DL configuration with 5ms switching point periodicity can be used. An example of using TDD UL-DL configuration #1 on unlicensed frequency is shown in figure 5. In this case the maximum channel occupancy time for eNB and UE is no more than 3ms and 2ms, respectively. More CCA opportunities are provided in the example shown in figure 5 than that in figure 4.
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Figure 5: LAA supporting DL+UL with frame based LBT
Proposal 4: Frame structure type 2 shall be used for frame based LBT LAA with both DL and UL transmissions on unlicensed frequency. 
From the above discussions, we observed that frame based LBT can be supported in LAA with minimum spec changes. 
Observation 1: Frame based LBT can be supported for LAA with minimum spec changes.
From a single operator perspective, synchronized LAA operation is beneficial for frame based LBT. For example, in the DL, if all eNBs have the common idle period for CCA, eNBs of the same operator will not compete for the channel. Therefore, frequency reuse factor one can be achieved. With synchronous operation, LAA eNB can use energy detection for CCA in which only WIFI signals can be included. The synchronization for LAA operation should include time synchronization and using same frame period, CCA cycle, and the UL-DL configurations.
Observation 2: For LAA with frame based LBT, synchronized network operation for a single operator is beneficial.
Different operators sharing the same unlicensed spectrum resource is possible, especially in hot spot areas. In this case the interference between neighbor cells belonging to different operators can be significantly high due to the unplanned deployments. In this scenario simultaneous transmission from different operators may not be possible. Therefore, fair channel access mechanism for the operators shall be studied. According to the discussion above, the LAA cells of one operator should be synchronous. However, the LAA cells of different operators may be synchronous or asynchronous. 
When two operators’ network employing frame based LBT are synchronous, the transmission of the two operators will be on collision when both of them have traffic to serve, as the two operators identify the channel availability at the same time. As shown in figure 6, interference issue between two operators cannot be solved.
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Figure 6: Frame based LBT with 4ms frame period, synchronous operation
However, when the two operators are asynchronous, as shown in figure 7, operator 1 will not be able to use the channel until operator 2 finishes its transmission. Obviously in this case fair spectrum access cannot be achieved for the two operators. Therefore, for LAA with frame based LBT, mechanism for fair spectrum access between operators shall be further studied. 
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Figure 7: Frame based LBT with 4ms frame period, asynchronous operation
Proposal 5: For LAA with frame based LBT, mechanism for fair spectrum access between operators shall be further studied.
2.5 Design of load based LBT for LAA
Unlike frame based LBT, using load based LBT, LAA may take ownership of the channel at any time given by the random property of traffic arrival and extended CCA. Higher channel access probability can be expected for load based LBT compared to frame based LBT. In addition, specification impacts may be higher to accommodate the property of random transmissions.
For DL only LAA scenario, a certain frame structure shall also be defined for load based LBT. Channel occupancy time for each transmission can be varied according to the traffic needs. An example of supporting DL only LAA transmission with load based LBT is illustrated in Figure 8. Extended CCA is performed in the “LBT subframe” and transmission is allowed with maximum channel occupancy time less than (13/32) × N ms, according to the ETSI regulation.
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Fig 8: LAA supporting DL only transmission with load based LBT
For LAA supporting both DL and UL transmission on unlicensed frequency, LTE frame structure type 2 should also be used for load based LBT. The eNB and UE is only allowed to access the DL and UL subframe, respectively. The eNB extended CCA can be performed at UL to DL switching or a DL LBT subframe. The UE extended CCA can be performed at GP or UpPTS of special subframe or a UL LBT subframe. An example of LAA supporting DL and UL transmissions with load based LBT using TDD UL-DL configuration #3 is shown in Figure 9.
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Fig 9: LAA supporting DL and UL transmissions with load based LBT
As the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing, LAA eNBs or UEs channel access time may be at any position of the above mentioned LBT subframe. As an example, channel access time may not be at the boundary of a LBT subframe, even not at an OFDM symbol boundary, as shown in Figure 10. LAA eNB or UE shall transmit some signal to keep the channel. Otherwise other systems, e.g. WIFI may access the channel. 
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Figure 10: Illustration of a LBT subframe
Two approaches can be considered.
· Option 1: The part of OFDM symbols after channel access time in a LBT subframe is utilized for data transmission. This approach aims to increase the resource utilization as much as possible. However, take DL only as an example, since the channel access time within the LBT subframe is random and cannot be pre-known by the eNB, the starting OFDM symbol possible for DL data mapping cannot be determined in advance. Therefore how to do rate matching at the transmitter side and know about the starting symbol for RE mapping should be studied. It is also noted that not all OFDM symbols may be usable in the last subframe in the allowed channel occupancy time.
· Option 2：The part of OFDM symbols after channel access time in a LBT subframe is not utilized for data transmission. This method avoids the specification works to support data transmission using partial subframe but may degrades the spectrum efficiency.  Considering 4ms maximum channel occupancy time, if the 1st and last subframes are both “partial subframes” and not used for data transmission, almost 25% resource could be wasted for data transmission. 
For LAA with load based LBT, the CCA check time of each LAA eNB is random and therefore the channel occupancy time is random according to result of CCA check. Therefore, load based LBT channel access scheme will result in asynchronous operation among different LAA small cells in a same operator. When one eNB is performing CCA check, other eNBs may transmit, which implies that eNBs of the same operator cannot transmit at the same time and may compete the channel between each other. As a result, frequency reuse factor one is not possible for a single operator which degrades the efficiency of LAA network. Methods to achieve frequency reuse factor one for LAA with load based LBT should be studied, e.g. enabling synchronized load based LBT within single operator.
From the above discussion, it is clear that load based LBT would require more design and may not provide the possibility of frequency reuse one for an operator. Therefore, we have the following proposal: 
Proposal 6: Load based LBT should be of lower priority compared to frame based LBT in this SI.
3 Conclusion
In this contribution, we discuss LBT functions for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: The following design principles should be considered in LAA design

· Supporting friendly co-existence with WIFI

· Supporting frequency reuse factor one for an operator
· Assuming alignment of Pcell and Scell timing.
Proposal 2: Both LAA eNB and UE shall perform CCA check before transmission. An LAA UE shall follow the eNB scheduling for PUSCH transmission after a successful CCA check and shall not transmit PUSCH otherwise.
Proposal 3: The periodicity and offset of idle subframes shall be configurable for DL only frame based LBT LAA.
Proposal 4: Frame structure type 2 shall be used for frame based LBT LAA with both DL and UL transmissions on unlicensed frequency. 
Observation 1: Frame based LBT can be supported for LAA with minimum spec changes.
Observation 2: For LAA with frame based LBT, synchronized network operation for a single operator is beneficial.
Proposal 5: For LAA with frame based LBT, mechanism for fair spectrum access between operators shall be further studied.
Proposal 6: Load based LBT should be of lower priority compared to frame based LBT in this SI.
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