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1 Introduction
In last RAN1 LAA ad-hoc meeting, there were some discussions and conclusions, including LBT mechanism and frame structure, RRM, LAA DRS, discontinuous transmission and so on [1]. Based on those, this contribution provides our view on the frame structure design for LAA with LBT and the discontinuous transmission aspect. 
2 Frame structure design for LAA
In some regions (e.g. Europe and Japan), the specific regulatory requirements for the channel access mechanism such as LBT mandate for the equipment to transmit/receive a wireless signal on the unlicensed frequency band[2]. As well known, the LBT basically requires the clear channel assessment (CCA) operation to check the availability of the unlicensed channel. And then, if the channel is identified as idle state, the sensing node can transmit on the unlicensed channel during the channel occupancy time (COT). 
2.1 LAA based on FBE-LBT
Frame Based Equipment (FBE) defined in LBT is based on a fixed frame period and the CCA in idle period is periodically performed in every frame period. The following Table 1 shows the FBE based frame structure with different frame period, channel occupancy time and idle period according to the EU regulatory requirements [3].

Table 1. Example of FBE parameters for LAA (assuming normal CP)
	Frame Period (ms)
	Channel Occupancy Time (us)
	Idle period (us)
	CCA (us)
	Note

	1
	928.7
	> 71.3us (7.7% of COT)
	> 20us
	For regulation of Japan, max burst duration shall be less than 4ms.

	2 
	1857.4
	> 142.6 (7.7% of COT)
	> 20us
	

	3
	2786.1
	> 213.9 (7.7% of COT)
	> 20us
	

	4
	3714.8
	> 285.2 (7.7% of COT)
	> 20us
	

	5
	4714.8
	> 285.2 (6% of COT)
	> 20us
	

	…
	…
	…
	> 20us
	

	10
	9500.9
	> 499.1 (5.26% of COT)
	> 20us
	


Due to the characteristics of FBE, it has been observed that there are following drawbacks in general:
· Less channel sensing opportunity than LBE based RATs (e.g. WiFi)

· It would be getting severe when using longer fixed frame period in FBE 
· Undesirable channel access behaviour between multiple asynchronous LAA nodes

· As pointed by many companies [5]

 REF _Ref414366864 \n \h 
[6], when one LAA node occupies the channel first, it may happen that other nearby LAA nodes would not be able to get the channel for a long time until the first LAA node relinquishes the channel for at least one frame period.

· Potential strong interference between multiple synchronous LAA nodes

· If two neighbouring LAA nodes  are synchronous and closed to each other, they would sense the channel at the same time during a CCA period and simultaneous channel occupancy might happen. So, this could result in strong interference between the two nodes if they transmit signal in same resources. 
In order to overcome the fewer channel sensing opportunities in FBE than that of LBE, the shorter one for the channel sensing than the fixed frame period for data transmission can be considered as discussed in [5]. For example, as shown in Figure 1, a LAA node is performing to send data in unlicensed frequency band. Here, before acquiring idle channel by the LAA node, the LAA frame structure with shorter frame period (e.g. 1ms) is used for the purpose doing CCA, in order to provide more frequent channel sensing opportunity. After recognizing the channel as an idle status and occupying it, the LAA node could change to the frame period with 4ms for the following data scheduling. And finally, after this data burst transmission, the LAA frame structure is set back to the frame period with 1ms for performing CCA again if needed. Finally, the shorter CCA interval than that for the data transmission can reduce the delay after traffic arrival and can improve the spectral efficiency. In terms of the regulation, although it is not clearly specified that the option mentioned can be operated, this option can be considered with more clarification and discussion on the regulation.
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Figure 1: Flexible fixed frame period adaptation for FBE
For the undesirable channel access behaviour between asynchronous LAA nodes, a mechanism to avoid that one sensing node that successively occupy the channel for a long time would continuously transmit a number of Tx data bursts can be considered. As argued in [5]
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[6], the transmitting node occupying the channel intentionally mutes the any transmission in some subframes within the channel occupancy time which is determined by the fixed frame period. With this option, the muting patterns or signalling methods could be discussed. 

For the potential strong interference problem between the synchronous nearby LAA nodes, since it can be considered as one of the hidden node problem, a mechanism to solve the hidden node problem can be referred in this case. However, it is noted that by the appropriate transmit power setting it could provide the frequency reuse factor 1 as in current LTE deployment, which is one of good considerations for better system performance.
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Figure 2: FBE with intentional muting
With the considerations above, it is also noted that current frame structure type 2 using 7 TDD UL-DL configurations can be based on the design of FBE LAA. And the multiple subframes configurations having the different channel occupancy time and CCA/idle period in the subframe performing the CCA could be also taken into account for further study on LAA design as discussed in [4]. Thus, the various design ways for the LAA frame structure need to be further studied during SI phase to improve the LAA system performance and make it good neighbour between LAAs with multiple operators and between different technologies on unlicensed frequency band.
Proposal 1: It is proposed to study the modified FBE structure for FBE based LAA.
2.2 LAA based on LBE-LBT
Different from FBE in LBT, it is not restricted for LBE to do (E)CCA during the specific time period in a fixed frame period and thus, (E)CCA can be performed in any time whenever the transmitter node want to send data. It is expected that the LBE based LAA nodes have the comparable channel access opportunities compared with Wi-Fi node, resulting in fair coexistence in unlicensed channels. Thus, the LAA nodes should be allowed to transmit at any time, without any restriction such as at the subframe boundary or at the OFDM symbol boundary.
As discussed in [8], there can be some options for LBE-LBT with different LBT parameters and assumptions such as LBT category 3 and 4 and possibly with further options.  On top of those, we would like to further discuss additional options based on either LBT category 3 or 4. 
Depending on when the channel idle counter will be zero in ECCA check duration, the time LAA eNB is permitted to transmit will be decided. However, sometimes, it needs to wait to transmit PDSCH/EPDCCH until the start OFDM symbol for PDSCH/EPDCCH after occupying the channel and accordingly, initial signal(s) could be transmitted during several OFDM symbols depending on the decision of candidate OFDM symbols for DL transmission. To reduce the time initial signal(s) is unnecessarily and excessively transmitted, and provide better spectral efficiency, the additional defer time from the specific ECCA slot having the channel idle counter value(C) can be applied as seen in Figure 3. Whether the defer period is applied or not would be decided by comparing threshold value with the remaining period which is the period between the specific ECCA slot and OFDM Start symbol for PDSCH. It may be applied for any LBE-LBT category.
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Figure 3: Example of channel occupancy for LAA based on LBE
For LBT category 4, since it will trigger to increase the contention window size by doubling "q" value when the number of channel idle slots does not come to “N” within an observation period(contention window), it would significantly decrease the channel occupancy probability for LAA if applied. Hence, additional options can be further considered to alleviate it. For example, even if the number of N for the idle channel is not sensed during an contention window, in the next contention window the value of q is fixed but an additional defer period can be introduced to avoid the traffic congestion and the interference on the unlicensed channel caused by  nearby competitors. More options to provide the fair coexistence with other RATs and good link performance for LAA needs to be further studied based on LBT category 3 or 4.
Proposal 2: It is beneficial to study the more options based on the LBE-LBT to provide the fair coexistence and link performance for LAA.
3 Discontinuous transmission
As shown in [7], the following agreement was made for the discontinuous transmission discussion in LAA.
	Agreements:
· LAA supports 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
· FFS starting/ending OFDM symbols of the PDSCH


There would be the subframes where all OFDM symbols are not available for PDSCH transmission according to the LBT for both FBE and LBE. In FBE, last subframe within a TXOP is related to the subframe, while in LBE, potentially first and last subframe within a TXOP may be the subframe for PDSCH transmission. In addition, regarding the start/end position of the Tx data burst, there can be several options as followings:

· Subframe boundary

· One fixed OFDM symbol index

· Some OFDM symbol indices

· Any OFDM symbol index

In our view, the options such as subframe boundary and one fixed OFDM symbol index would result in lower spectral efficiency, and may cause more interference to other systems due to the extended transmission time. Meanwhile, the option to use any OFDM symbol index after the time LAA node is permitted to transmit and then initial signal(s) is transmitted would result in significant high implementation complexity to prepare the data transmission/reception process, and specification impacts due to random property of the channel access time in LBE. For the option using some candidates of OFDM symbol indices, it is considered that the option as intermediate one can provide good balance between the spectral efficiency and the implementation complexity. Hence, it is beneficial to allow the PDSCH/(E)PDCCH transmission in the candidate OFDM symbol indices. 
This concept is not new because DL transmission in DwPTS of TDD has been already allowed as in the partial subframe. Thus, how many OFDM symbols in DwPTS of TDD are used for DL transmission would be good start point, when deciding candidate OFDM symbol indices for start/end PDSCH transmission. Following table is one example applied the principle. Of course, other alternatives can be considered, such as uniformly spaced OFDM symbol indices.
Table 2: Example of candidate OFDM symbols for DL transmission in a partial subframe
	Number of candidate OFDM symbol indices
	OFDM symbol indices

	2
	3, 8

	3
	3, 8, 11

	4
	3, 5, 8, 11
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Figure 4: Example of start/end position of DL transmission in LBE LAA(DL only, 4ms max. channel occupancy time)
In Figure 4, it shows how to select the OFDM symbol for DL transmission among the candidate OFDM symbol indices. A LAA node performs (E)CCA and senses the idle channel in the partial subframe. Between time LAA node is permitted to transmit and the immediate oncoming candidate OFDM symbol index, the initial signal(s) can be transmitted for various purposes such as AGC, channel reservation and etc if introduced. And then, from the selected candidate OFDM symbol index, the LAA node can start the DL transmission such as (E)PDCCH and PDSCH as in Figure 4. In case of end OFDM symbol for the DL transmission it may be dependent on the candidate OFDM symbol right before time the LAA note needs to release the occupied channel.
In UE perspective, the detection of start OFDM symbol for the DL transmission can be based on the initial signal(s) if introduced, blind detection of the (E)PDCCH at the candidate start OFDM symbols with respect to the PCell timing or explicit signalling from PCell or licensed carrier.
Based on these considerations, we propose the following:
Proposal 3: The initial signal(s) is transmitted from time LAA node is permitted to transmit until the selected OFDM symbol index among candidate OFDM symbol indices.
Proposal 4: Multiple candidate OFDM symbol indices shall be considered to determine the start/end of DL transmission. The selection of OFDM symbol index is depending on the time LAA eNB occupy/release the channel.
Proposal 5: It is preferred to consider the DL transmission in DwPTS of LTE TDD when deciding the candidate OFDM symbol indices in partial subframe.

4 Conclusion

In this contribution, we discussed potential issues and solutions for the channel access schemes. The above discussion is summarized with the following proposals:
Proposal 1: It is proposed to study the modified FBE structure for FBE based LAA.

Proposal 2: It is beneficial to study the more options based on the LBE-LBT to provide the fair coexistence and link performance for LAA.
Proposal 3: The initial signal(s) is transmitted from time LAA node is permitted to transmit until the selected OFDM symbol index among candidate OFDM symbol indices.
Proposal 4: Multiple candidate OFDM symbol indices shall be considered to determine the start/end of DL transmission. The selection of OFDM symbol index is depending on the time LAA eNB occupy/release the channel.

Proposal 5: It is preferred to consider the DL transmission in DwPTS of LTE TDD when deciding the candidate OFDM symbol indices in partial subframe.
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