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1. Introduction
In this contribution, we give further considerations on frame structure design focusing on specification impact of frame structure design considering LBT.
2. Specification impact for FBE and LBE
As already discussed in [1], both FBE and LBE as in [2] cannot support LAA well without modifications or enhancements. For FBE, the low access probability for LAA nodes due to fixed CCA and the unfair access opportunity between different LAA nodes when they are asynchronized should be taken into consideration. And for LBE, due to the randomness of the CCA detection results, the start position of transmission may also be random. This will increase the subframe design complexity as well as the UE detection complexity. Therefore, modification or enhancements should be done for both FBE and LBE.
2.1. Possible enhancement for FBE
In order to coexist with other RAT e.g. WiFi in the unlicensed spectrum, LBT is required. So aspects such as when to perform the CCA, how to assess the channel is idle, and when to start and stop data transmission should be specified for LAA. Therefore, the CCA duration and location, CCA detection threshold, the fixed frame length, and idle period should be specified for FBE. 
Two possible solutions to increase the access probability were proposed [1]: configuring multiple CCAs and decreasing the length of the transmission frame. If multiple CCAs are configured, eNB may need to perform multiple CCA checks in the fixed frame duration. Considering the UE detection complexity and UE power consumption, it will be better to broadcast the CCA related parameters to the UEs served by the eNB. For example, if the UE knows the fixed frame length and the CCA duration and locations, it will know the possible data transmission starting positions. If no transmission is detected on the due time, UE will stop blind detection until to the next possible transmission time.
Proposal 1: Multiple CCAs are configured for FBE based LBT.
The following options can be considered to address the unfair access opportunity between different LAA nodes when they are asynchronized.
Option 1: different frame parameters are used for different LAA nodes.
Option 2: intentional muting after continuous transmission
Option 3: coordination between different LAA nodes.
The performance of Option 1 cannot be guaranteed without coordination. And for Option 2, intentional muting will lead to resource waste or low efficiency. In fact, Option 1 and Option 2 can be considered for the case when no information about the frame parameters is exchange between multiple LAA nodes. Otherwise, Option 3 can be applied. With the aid of useful information exchanged between different LAA nodes, coordination can solve this problem more effectively. Figure 1 gives an example for coordination between different nodes for fair access. With coordination, the CCA of the two operators will be located in front of each other alternatively. Therefore, each operator can grab the unlicensed channel with equal opportunity. Note that some idle period may be needed in addition to the idle period required by regional regulation for CCA location coordination, which corresponds to the period of N in Figure 1. Larger N may be required for larger number of operators. 
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Figure 1: Example solution for coordination between different asynchronized LAA nodes

For Option 1, no additional standard effort may be needed. And for Option 2, there will be a cell-specific muting pattern for each LAA eNB where the LAA eNB should not perform CCA at the muting subframe. Such a muting pattern may also be broadcasted to the served UEs for the benefit of reducing UE detection complexity and UE power consumption. For Option 3, coordination can be achieved by OAM. It can also be achieved by air interface. For example, the CCA location of operator 1 can be broadcasted by the licensed or unlicensed carrier. The LAA nodes of the nearby operator 2 intend to use the same unlicensed carrier can monitor and detect the CCA location of operator 1 before they configure the CCA location of their own. It may also need to specify the eNBs’ behavior for Option 3. The LAA eNB who has grabbed the unlicensed carrier at the current frame period will shift its CCA behind in the next frame period, and the LAA eNB who failed to obtain the channel should shift its CCA earlier in the next frame period. And the shift step should also be specified.
2.2. Possible enhancement for LBE

As mentioned above, the main concern for LBE is the randomness of the starting position of transmission, which will complicate the subframe design. One possible solution is to limit the (e)CCA positions [3]. Figure 2 gives such an example. In Figure 2, not all the subframe can be used for (e)CCA. Only the first k OFDM symbols can be used for (e)CCA. If the LAA node cannot find the unlicensed carrier available in the (e)CCA region of current subframe, it will stop (e)CCA check until the next subframe. If the LAA node successfully grab the unlicensed carrier, data transmission can be started at the first full OFDM symbol or the first symbol after the (e)CCA region. In this way, the PDSCH transmission will be simplified since the possible start position is limited. 
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Figure 2: Example of possible LBE enhancement
3. Possible design for the fractional subframe
For both FBE and LBE, due to the different CCA locations and the limitation on maximum transmission duration, there will be two types of fractional subframe as listed below, which are shown in Figure 3 and Figure 4 as two examples.
Type 1: start at the subframe boundary and end at the middle of subframe.

Type 2: start at the middle of subframe and end at the subframe boundary.
[image: image3.emf]Subframe Subframe Subframe Subframe

Fixed frame = 4ms

DwPTS

Normal subframe

Type 1 subframe

CCA


Figure 3: Type 1 subframe for FBE
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Figure 4: Type 1 and Type 2 subframe for LBE

There is some similarity between Type 1 subframe and the DwPTS in special subframe of TDD. In TDD, there are 6 configurations for DwPTS for normal CP and 5 configurations for extended CP. In the current specification, the number of OFDM symbols in DwPTS is 3, 6, 9, 10, 11, 12 for normal CP and 3, 5, 8, 9, 10 for extended CP. Table 1 gives the idle time requirement and Type 1 subframe duration for FBE. From Table 1, we can see that for most cases, the Type 1 subframe design can follow the DwPTS design. And for the cases which do not match the configurations of DwPTS (entries shown in red in Table 1), we can also configure the idle period slightly larger than the minimum requirement to fit the Type 1 subframe to fall into the configurations of DwPTS (entries shown in parentheses in Table 1). At most 2 OFDM symbols are not used to carry PDSCH but may still be used to carry reservation signal and/or other reference signal for measurement [4]. And for LBE, due to the different starting position of data transmission, proper setting of the COT can also make the Type 1 subframe fit the DwPTS configuration well. Therefore, following the DwPTS configurations for Type 1 subframe design is a simple and straight forward solution, without additional specification effort.
Table 1: Idle time requirement subject to channel occupancy time and Type 1 subframe duration in case of FBE 
	Channel Occupancy Time (ms)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Minimum

Idle Time (ms)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.35
	0.4
	0.45
	0.5

	# of OFDM symbols for Idle Time (Normal CP)
	1(2)
	2
	3
	3
	4
	5
	5
	6(8)
	7(8)
	7(8)

	# of OFDM symbols for Type 1 subframe (Normal CP)
	13(12)
	12
	11
	11
	10
	9
	9
	8(6)
	7(6)
	7(6)

	# of OFDM symbols for Idle Time (extended CP)
	1(2)
	2
	2
	3
	4
	4
	5(7)
	5(7)
	6(7)
	7

	# of OFDM symbols for Type 1 subframe (extended CP)
	11(10)
	10
	10
	9
	8
	8
	7(5)
	7(5)
	6(5)
	5


※ One OFDM symbol period = (0.0719 ms (1st symbol of a slot) & 0.0713 ms (other symbols) for normal CP, 0.083333 ms for extended CP)

Proposal 2: The design of factional subframe which start at the subframe boundary and end at the middle of subframe should follow DwPTS design. 

For Type 2 subframe, more considerations should be taken into account. First of all, what can be transmitted in Type 2 subframe? In order to achieve high spectrum efficiency, Type 2 subframe should be used for data transmission as well. But if the number of OFDM symbols in Type 2 subframe is too small, it may not be suitable for data transmission. In such case, some LAA specific signal can be transmitted. Thus whether to transmit PDSCH in Type 2 subframe depends on the number of OFDM symbols in Type 2 subframe. 
Secondly, the control signalling for the PDSCH transmitted in Type 2 subframe should be considered. For cross-carrier scheduling, the licensed carrier may not know whether the unlicensed carrier is available, so it may not prepare for the control signalling for such scheduling at the beginning of current subframe. Therefore, the control signalling for the PDSCH scheduling in Type 2 subframe may be transmitted in the next subframe. If self-scheduling is enabled, the control signalling can be transmitted in the current subframe or in the next subframe as well. For transmitting in the current subframe, using EPDCCH may be more appropriate since there may be no PDCCH region in Type 2 subframe if legacy DL subframe is used. 
Thirdly, whether the PDSCH transmitted in Type 2 subframe is separately coded or jointly coded with the next subframe would have impact on the TBS design. 

Finally, the DMRS pattern should also be considered for Type 2 subframe. If the legacy DMRS patterns are reused, it will put some restriction on the duration for Type 2 subframe. Otherwise, new DMRS pattern for Type 2 subframe should be considered. 
4.  Fractional subframe or floating subframe in LBE
Unlike FBE, LBE may occupy the channel at any time given random traffic arrival and extended CCA. 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 with LBE. As an example, channel access time may not be at the boundary of a LBT subframe or even not at an OFDM symbol boundary.

Two options can be used for data transmission:

Option 1: the available OFDM symbols in a fractional subframe after channel access time is utilized for data transmission where the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing;
Option 2: a floating subframe with a fixed TTI length of 1ms where the data to RE mapping may not be limited to the subframe boundary is used for data transmission [5].
For option 1, other than the fractional subframe, all the other subframes during the channel occupancy time are aligned with the licensed PCell. Thus, existing mechanisms related to both self and cross carrier scheduling, HARQ timing determination and CSI feedback timing can be reused for LAA. However, the handling of the fractional subframe for data transmission needs some specification efforts, such as indication of the transmission starting.
For option 2, the handling of partial subframe for data transmission is avoided. Existing PDSCH scheduling can be reused without considering the variable available number of OFDM symbols. However, all the floating subframes on the unlicensed SCell during the channel occupancy time may not be aligned with the subframe boundary of the licensed PCell. In other words, a floating subframe on LAA SCell will likely cross the boundary of two subframes on PCell. Furthermore, due to the randomness of the starting position of floating subframe on LAA SCell, the portions of the floating subframe corresponding to those two PCell subframes can vary over time. As a consequence, timing relationship for cross carrier scheduling, HARQ timing determination and CSI feedback timing for those floating subframes needs much more specification work. 
As discussed in Section 3, the design of factional subframe can follow current DwPTS design. Several solutions to provide indication of the transmission starting and fine time and frequency synchronization are discussed in [4]. Considering the specification efforts and complexity to support fractional subframe or floating subframe,  we have the following proposal.
Proposal 3: A fractional subframe after channel access time is utilized for data transmission where the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing. 

5.   Conclusion 
In this contribution, further considerations on frame structure designs and specification impact of frame structure design considering LBT are presented. In conclusion, we propose:
· Multiple CCAs are configured for FBE based LBT.
· The design of factional subframe which start at the subframe boundary and end at the middle of subframe should follow DwPTS design.
· A fractional subframe after channel access time is utilized for data transmission where the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing.
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