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1. Introduction
In RAN#65, the study item ‘Licensed-Assisted Access Using LTE’ was approved. Different regulations need to be abided for using unlicensed spectrum in different regions in the world. And in RAN1 #78bis, regulatory requirements for unlicensed spectrum have been identified in [1] and captured in [2], which includes at least the following:

· 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
As discussed in many contributions, the requirement about LBT will have great impacts on the physical layer designs. In this contribution, potential frame structure designs for LAA considering the LBT mechanisms are presented.
2. LBT and motivation of frame structure design
Generally speaking, LBT means equipment should apply instantaneous channel sensing before using this channel. In some regions, like Europe and Japan, LBT must be supported. In other countries, for example, in China and USA, there is no such regulatory requirement. The channel sensing can be performed by energy detection. For example, if the detected energy level is lower than a predefined threshold, the equipment can start its transmission and occupy the channel no more than the maximum Channel Occupancy Time (COT). In Japan, the Max Burst Length was specified to be less than 4ms. In Europe, two kinds of LBT behaviours are defined in [3], Frame Based Equipment (FBE) and Load Based Equipment (LBE). 
For FBE, the maximum COT can be configured from 1ms to 10ms. After transmission, an idle period is required and the minimum idle period shall be at least 5% of the COT used by the equipment. Before starting a transmission or a burst of transmissions on an operating channel, the equipment shall perform a new CCA check, which is not less than 20us. 

For LBE, CCA is also required to check the channel is occupied or not. If the equipment finds the channel is clear, it will start its transmission immediately. Otherwise, an Extended CCA is needed, in which the channel should be 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 needs to be observed before initiating a transmission. The value of N shall be randomly selected in the range 1 to q (ranging from 4 to 32) every time an Extended CCA is required and the value is stored in a counter. The counter is decremented every time a CCA slot is considered to be unoccupied. The equipment is allowed to transmit when the counter reaches zero. And the maximum COT is determined as (13/32) × q ms, i.e. when q = 32, the Maximum Channel Occupancy Time = 13 ms. 
First of all, both advantages and disadvantages for FBE and LBE should be discussed. Since LTE is a system with fixed frame structure, FBE seems more suitable for LAA. Measurement and coordination can be easily achieved if a fixed frame structure is applied for LAA. It may also facilitate the implementation complexity as well as reduce the standardization effort. But since the position of CCA is fixed, the possibility of collision when many LAA eNBs want to use the unlicensed spectrum is relatively high. Mechanism to handle the collision should also be taken into account. And for LBE, CCA check can be performed whenever there is a traffic demand. The position of CCA is no longer fixed for LBE. Due to the random position of CAA, the possibility of collision may be reduced, which results in higher channel access possibility. However, due to the random position of CAA, measurement and coordination may be difficult in some cases and greater standard effort may be needed. Table 1 summarizes the pros and cons of FBE and LBE.

Table 1: comparison of FBE and LBE
	
	Pros
	Cons

	FBE
	(1) Relative simple, with fixed frame structure and frame timing, lower UE detection complexity.
(2) When the LAA eNBs are synchronized, the frequency reuse factor 1 can be achieved.
(3) The design of reservation signal or channel is relative simple.
(4) Simplify the UL transmission.
(5) Little standard effort.

	(1) Less access probability, unfair access opportunity compared to WIFI.
(2) Larger access delay.
(3) When the LAA eNBs are synchronized, simultaneous transmission from different LAA eNB may occur, which result in inter-cell interference.

(4) When the LAA eNBs are asynchronized, unfair access opportunity.
(5) When the frame length is long, the resource efficiency may be low for low load scenarios.

	LBE
	(1) Fair access opportunity for LAA and WIFI.
(2) Less access delay.

	(1) Cross-link interference cannot be avoided.
(2) Frequency reuse factor 1 cannot be achieved easily.
(3) When synchronization with PCell is required, reservation signal are needed.
(4) Have great impact on UL transmission, the UL FDM cannot be achieved easily.


From the discussion above, we can see that FBE and LBE are complementary to each other. Therefore, these two LBT mechanisms should be studied for LAA. Since LBT is agreed to be required for LAA in some regions/bands, the (E)CCA procedure, maximum channel occupancy time as well as the idle period will have impacts on the LTE frame structure design. Modifications based on the current LTE framework need to be taken into account.
3. Frame structure designs for LAA
3.1. FBE for LAA

3.1.1. Frame structure for DL transmission

In LTE, each radio frame is 
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, numbered from 0 to 19. A subframe is defined as two consecutive slots of length 
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. If FBE is supported for LAA, it is a straight forward choice that the fixed frame period is set to 10 ms. When LBT is applied in the LTE frame structure, one of the main issues needs to be considered is the location of CCA and the idle period in a LTE frame. Three alternatives are considered:

Alt 1: the idle period is located at the first part of the first subframe in a LTE frame, and the CCA is performed at the end of idle period. Figure 1 gives an example of Alt 1. 
Alt 2: the idle period is located at the last part of the last subframe in a LTE frame, and the CCA is performed at the end of idle period. Figure 2 gives an example of Alt 2.
Alt 3: the CCA is performed at the start of a LTE frame and the idle period is located at the last part of the last subframe, Figure 3 gives an example of Alt 3.
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Figure 1: Example of frame structure for FBE (Alt 1)
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Figure 2: Example of frame structure for FBE (Alt 2)
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Figure 3: Example of frame structure for FBE (Alt 3)
For Alt 1, as illustrated in Figure 1, the data transmission region follows by the idle period, after CCA is performed and the channel is accessed to be available, the data transmission can be started in Region 1. What should be transmitted and how to transmit in Region 1 can be FFS. If some LAA-specific signals or channels are necessary, they can be transmitted in Region 1, otherwise, something like DwPTS can be considered. And the remaining subframes are normal subframes and can be used as in the current LTE. Considering the numerology in LTE, the idle period in LBT subframe should at least occupy 1 slot (0.5ms) to meet regulatory requirements in [3]. And the Region 1 in LBT subframe is equal to 0.5 ms (7 OFDM symbols for normal CP), which seems to be enough for the LAA-specific signals/channel transmission. From this point of view, the design in Figure 1 seems more preferable.
For Alt 2, as illustrated in Figure 2, the idle period is at the end of the frame. If the channel is sensed not busy, a new transmission can be started at the next frame. Such design is more aligned with the FBE timing described in [3]. The design of DwPTS seems more suitable for Region 2 in Figure 2. And the remaining subframes are normal subframes and can be used as in the current LTE. For Alt 2, the LAA-specific signals or channels may need to be transmitted in the first subframe, which results in additional standard effort for the design of the first subframe to accommodate the LAA-specific signals/channels.  
For Alt 3, as shown in Figure 3, CCA is performed at the beginning of the frame boundary. If the channel is not busy, transmission can be started immediately. Considering the duration for CCA is relatively small, the remaining region in subframe#0 is larger than the Region 1 in Figure 1 and can almost be viewed as a normal subframe for data transmission. Idle period is at the end of the frame. Such design is more suitable for the case when no downlink control region in LAA carrier. On the other hand, the LAA-specific signals or channels can also be transmitted on Region 1. And the Region 2 in the last subframe can follow the design of DwPTS. 
All the three alternatives discussed above should be considered at the current stage, since they are suitable for different application scenarios. For example, if it was agreed that some LAA-specific signals or channels are necessary to facilitate the operation on unlicensed carrier, Alt 1 and Alt 3 may be a better choice than Alt 2. And if such LAA-specific signals or channels are not needed, and minimum standard effort is the main considering factor, Alt 2 seems more preferable. 
Note that the CCA position, length of idle period and the length of data transmission region in the LBT subframe are fixed or semi-static configured for FBE, which helps to reduce the detection complexity for UE.
Although the above frame structures are designed for DL transmission, it should be noted that they can also be used for UL transmission.  If used for UL transmission, the CCA is only performed by the UE.
3.1.2. Frame structure for DL and UL transmission
For the case of both DL and UL transmission is supported within one frame, one issue needs to be discussed is who performs the CCA. Two options can be considered:

Option 1: CCA is performed by the eNB only;
Option 2: CCA is performed by both eNB and UE.

For Option 1, it means that both DL and UL can be transmitted in one access opportunity. When the CCA is performed by the eNB and the channel is assessed to be available, the eNB obtains the unlicensed carrier for the whole frame on which both UL and DL data can be transmitted. Only one CCA is needed for the whole frame. The design of CCA position and idle period mentioned in section 3.1.1 can also be applied in this case. Figure 4 gives such an example. Figure 4a and 4b correspond to Alt 1 and Alt 2 respectively. Since there are both DL and UL subframes in a frame, downlink to uplink transition period may be needed. For example, the special subframe defined in TDD can be inserted between the downlink subframes and uplink subframes. And for the LBT subframe, the design mentioned above can also be reused for Figure 4a. And for Figure 4b, the design for the Region 1 in the LBT subframe is FFS. For example, shortened UL transmission can be considered.
There is another issue needed to be addressed. It is the eNB’s responsibility to hold the channel for the whole frame, making sure that the channel is not occupied by other nodes, including the GP between downlink to uplink transition in the special subframe. Therefore, additional standard effort may be needed. Moreover, the uplink and downlink ratio within the frame can be adapted according to the traffic demand.
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Figure 4: Example of Frame structure for DL and UL, FBE (Option 1)
For Option 2, CCA is performed by both eNB and UE. For example, the eNB should perform CCA before DL transmission and the UE should perform CCA before UL transmission. Figure 5 gives such an example. With Option 2, the eNB no longer needs to hold the channel for the whole frame.  But as a result, the UL transmission cannot be guaranteed. How to handle the case when the channel is assessed to be occupied by the UE CCA is FFS. More details about the UL transmission can be found in our companion contribution [4]. 
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Figure 5: Example of Frame structure for DL and UL, FBE (Option 2)

3.2. LBE for LAA

Unlike for FBE, LBE 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 number of LBT subframe is not fixed, instead it may depend on the detection result of (E)CCA. The main difference between LBE and FBE is that the location and duration of ECCA is variable, which results in the start position and duration of region 1 in Figure 6 also variable. Since the length of Region 1 is not fixed, the usage of this region needs to consider for many cases. Furthermore, the start position of region 1 is also unpredictable; it may also not be aligned with an OFDM symbol boundary. Partial OFDM symbol may exist for LBE. Great standard efforts are needed to design the variable partial OFDM symbol and partial subframe. It also increases the UE detection complexity, since the UE needs blind detection for all possible start position. If we want to simplify the design for LBE, the data transmission can start from the next subframe. Even in this case, some signals indicating the unlicensed carrier is occupied are needed to prevent other nodes to access. And the resource waste should also be considered.
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Figure 6: Example of Frame structure for LBE
3.3. Enhanced FBE for LAA

In order to relieve the collision problem due to fixed CCA, a possible solution is to configure multiple CCAs for FBE. An example is illustrated in Figure 6. Instead of only one LBT subframe in a fixed frame period, multiple LBT subframes can be configured for CCA. And the number and start position of CCA in the LBT subframe can also be configured to increase the possibility for channel access. As an example in Figure 7, subframe #0, #2 and #4 are configured as LBT subframes. In addition, more than one CCA positions can be configured in an LBT subframe. LAA eNB performs CCA Check at the first configured CCA position. If the channel is busy, the LAA eNB goes on to perform CCA check at the second configured CCA position. Such procedure will keep on until the channel is assessed to be available. There is a trade-off between standard efforts, implementation complexity and the channel access capability. 
[image: image10.emf] 

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Fixed  frame=  10ms

C

C

A

Region  2

Idle period

LBT subframe

DL or UL subframe

C

C

A


Figure 7: Example of Frame structure for enhanced FBE
Another way to increase the access probability is to decrease the length of the transmission frame. One example is that CCA can be performed at each subframe with fixed location. But the 1ms subframe may be too short for continuous data transmission. Therefore, there should be a trade-off between access probability and the transmission frame length. One possibility is that several transmission frame length are supported in a system for different applications. In this case, the CCA location for different transmission lengths should be aligned to each other for fair access. An example is given in Figure 8, where there are two different transmission frame lengths are supported in a system, 5 ms and 10 ms respectively. For the frame length with 10 ms, CCA check can also be performed at the end of subframe#4 in addition to subframe#9. The idle period in subframe#9 should satisfy the regulatory requirement, i.e., at least 5% of COT. In this example, 7 OFDM symbols are used as idle period. The COT for the 10ms frame structure may vary depending on the results of CCA. 
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Figure 8: Example of Frame structure for enhanced FBE
3.4. Possible signal in Region1
As described above, there is a Region 1 in the LBT subframe. What can be transmitted in such region is FFS. For proper LAA operation, some signals can only be transmitted on the LAA carrier, such as the synchronization signal, reference signal for measurement and reservation signals (signals indicating the unlicensed carrier is occupied to prevent other nodes to access). Region 1 in LBT subframe is a good place for such signal transmission. Other signals/channels such as the LAA-specific signals/channels can also be transmitted in Region 1 to reduce the impact on normal subframes. More details about the design of Region 1 can be found in our companion contribution [5].
4.   Conclusion 
In this contribution, frame structure designs for FBE and LBE are presented. In conclusion, we propose:
· Modifications of the current LTE frame structure need to be considered for the regions/bands that LBT is mandatory. 
· Possible solutions to achieve both the merits of FBE and LBE should be FFS.
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