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1 Introduction

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, 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) [1]. In this contribution, we discuss the design details in support of load-based LBT for LAA. 
2 Discussion
2.1 Design principles of LAA
In the design of LBT for LAA, following design principles have been agreed in previous meetings. These design principles shall be targeted as much as possible for the LAA LBT design.  

· Friendly co-existence with WIFI, as per SID

· Enabling frequency reuse for transmission by neighbor LAA cells of the same operator is one target of LAA design [2]
· Support of UL multiplexing of multiple UEs in one subframe by either FDM multiplexing or MU-MIMO [2]
· Support of transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH [2]
· Pcell and Scell subframe timing alignment [3]
2.2 Regulatory requirements for load-based LBT
In load based LBT, no fixed frame period is defined, which is the key difference from FBE. The LBE device 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 a random factor N multiplied by the CCA observation time as shown in figure 1, which is the example of ETSI BRAN [1] LBE option B. N is defined as a counter and randomly selected in the range of 1 to q, where q is determined by 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.
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Figure 1:  Illustration of Load based LBT (ETSI BRAN [1] LBE option B)
2.3 Clear channel assessment
CCA check based on energy detection is a basic requirement for 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 current LTE design, UL grant should be transmitted at least 4 subframes before transmitting PUSCH. 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 following the eNB scheduling after a successful CCA check. Otherwise, the UE shall give up transmitting. 
2.4 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 property of random traffic arrival and extended CCA. Higher channel access probability can be expected for load based LBT compared to frame based LBT. At the same time WIFI may get less chance to access the same channel so that WIFI performance may be degraded. In addition, due to the random backoff procedure in the CCA of load based LBT, the overhead may be increased if the backoff window is large, which may also limit the performance of LAA. 
Finally, specification impacts may be higher to accommodate the property of random transmissions, including the design of reservation signal, the handling of transmissions using partial subframe with uncertain starting time. Efforts shall also be paid to achieve higher frequency reuse within an operator as well as enabling of multiplexing of multiple UEs in a same subframe. Some of the details will be discussed in the later sections of this contribution. 
For DL only LAA scenario, LTE frame structure type 1 shall be adopted for load based LBT. For LAA supporting both DL and UL transmission on unlicensed frequency, LTE frame structure type 2 can also be used. Further details about LAA transmissions based on the existing frame structures can be founded in [4].

· Support of data transmissions in an LBT subframe
As the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing, LAA eNBs or UEs may access channel at any position in a subframe where LBT is performed (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 2. 
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Figure 2: Illustration of a LBT subframe
As agreed in RAN1 Ad-hoc meeting [2], the part of available OFDM symbols after channel access time in a LBT subframe should be utilized for data transmission. Take DL only as an example, as the eNB channel access time within the LBT subframe is random, the number of OFDM symbols of partial subframe is variable, UE should be informed on the starting OFDM symbol for DL data transmission. Additionally, if the DL transmission starts from the middle of the LBT subframe, not all OFDM symbols may be usable in the last subframe for data transmission in the allowed channel occupancy time, therefore UE also needs to know the ending OFDM symbol for data transmission. 
Since the channel access time within the LBT cannot be pre-known by the eNB, DL data preparing, e.g. TBS and RE mapping, etc cannot be determined in advance. Therefore how to prepare data transmission at the eNB side should also be studied. As one example, eNB could prepare multiple transmission data versions assuming different available resources before accessing the channel, and transmit the corresponding version after channel is obtained. Alternatively, the eNB could prepare the transmission data during the time of one or several OFDM symbols after the channel access, in which case the eNB processing latency can be challenging if the data needs to be transmitted immediately. The eNB can also prepare one transmission data version before the channel is idle and then perform transmission data puncture operation according to available time domain resources after taking ownership of channel. Irrespective of these options, UE determination of transport block size after knowing the number of available OFDM symbols should be studied for proper data decoding. 
Besides the above, the DL performance in the LBT subframe with limited number of available OFDM symbols shall be studied, especially considering that such subframe is at the beginning of eNB transmission duration so the fine time and frequency synchronization may not be very accurate. 
Proposal 1: Specification and implementation impacts to support the data transmission in the LBT partial subframe shall be carefully studied, including aspects of informing UE on the starting of ending OFDM symbol, determination of transport block size, eNB data preparation, channel reservation signals, etc.
Alternative solution can be considered to enable the data transmission in the LBT subframe with a more efficient way. In an alternative solution with fixed TTI length of 1ms, eNB could always prepare the data for a whole subframe of 1ms as in the current implementation, however, the data to RE mapping may not be limited to the subframe boundary as shown in figure 3, which is aligned with Pcell. This solution significantly reduces the standardization and implementation complexity to utilize the LBT subframe, as the handling of partial subframe for data transmission is avoided, such as indication of the transmission starting, TBS handling, DL performance, etc. Existing PDSCH scheduling can be reused without considering the variable available number of OFDM symbols.
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Figure 3: Illustration of a traffic transmission subframe (floating subframe)
Proposal 2: Alternative solutions than partial subframe method to utilize the LBT subframe for data transmission shall be considered.  
· Support of higher frequency reuse and UL multi-user multiplexing in a same subframe 
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 the 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. Take DL only as an example, as shown in Figure 4, since eNB1 has shorter ECCA period compared with eNB2, when eNB2 is performing CCA check, eNB1 may transmit, which implies that eNBs of the same operator cannot transmit at the same time and may compete for the channel with each other. As a result, frequency reuse factor one is not possible for a single operator, which degrades the efficiency of LAA network. Same problem exists in the UL, where multiple UEs within a same cell can hardly transmit in a same subframe due to the unsynchronized LBT, making user multiplexing in a same subframe with either MU-MIMO or FDM less possible.
Based on the above observations, if load based LBT is adopted for LAA, it would be important to study the mechanism to enable frequency reuse one for DL and multi-user scheduling for UL respectively. 
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Figure 4: Asynchronous channel access among different LBE-LAA small cells
Proposal 3: In LBE, methods to achieve higher frequency reuse within an operator and UL user multiplexing in a subframe shall be studied. 
In order to achieve the above target, two approaches as the following can be considered 
· Option 1: Enhance the LBE scheme to realize synchronous operation of neighbor LAA cells within one operator or multiple UEs scheduled by one eNB in one subframe.

For DL only scenario, the ECCA slot and starting time shall be aligned among eNBs within same operator. In addition, the random factor “q” and “N” shall also be aligned. With this approach, simultaneous CCA and transmissions can be achieved for neighbor LAA eNBs within the same operator. Similar operation can be applied to the UL LBT. Multiple users scheduled in the same UL subframe by one eNB may adopt the same LBT parameters and access the same UL subframe without blocking each other. This option essentially means that a common periodically ECCA operation shall be defined for neighbor eNBs, which is somewhat contradict to the key nature of load based LBT, i.e. try to start transmission at any time. There is a tradeoff between frequency reuse and channel access capability.
Figure 5 shows an example of such enhanced LBE scheme. It is seen that to achieve the same target, the enhanced LBE scheme and enhanced FBE scheme [5] may become much similar with each other. 
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Figure 5: Enhanced LBE mechanism 
· Option 2: Adaptively adjust the energy detection threshold to increase frequency reuse
In this method, the LAA eNB adjusts the energy detection threshold such that higher frequency reuse can be achieved. There are several issues for this option. Firstly, it is not clear from the regulation perspective that this is actually allowed. Secondly, increase the energy detection threshold means higher interference to a neighbor LAA operator and also WIFI. LAA eNB using this method shall be able to identify the signal from neighbor LAA operator or WIFI, which may not be always possible. Even though some smart eNB implementation could do this, it is not clear how much gain can be obtained in a dense network deployment with multiple operators and multiple RATs, which is in our view a typical unlicensed carrier deployment scenario.
Proposal 4: Enhancement to LBE shall be considered to achieve higher frequency reuse and UL user multiplexing in a same subframe. 
3 Conclusion

In this contribution, we discuss design aspects of load based LBT for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: Specification and implementation impacts to support the data transmission in the LBT partial subframe shall be carefully studied, including aspects of informing UE on the starting of ending OFDM symbol, determination of transport block size, eNB data preparation, channel reservation signals, etc.
Proposal 2: Alternative solutions than partial subframe method to utilize the LBT subframe for data transmission shall be considered.  

Proposal 3: In LBE, methods to achieve higher frequency reuse within an operator and UL user multiplexing in a subframe shall be studied. 

Proposal 4: Enhancement to LBE shall be considered to achieve higher frequency reuse and UL user multiplexing in a same subframe. 
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