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1 Introduction
Solutions for licensed-assisted access using LTE on 5GHz band need to consider regulatory requirements on the band from different regions of the world. A comprehensive overview of global regulatory requirements can be found in [1]. Among such regulatory requirements, listen before talk (LBT) which is beneficial for ensuring fair co-existence with other radio equipments would have the most significant impact to RAN1 work. Clear Channel Assessment (CCA) procedures and restrictions on the maximum channel occupancy should be taken into account when considering the LTE frame design and operation on 5GHz. In RAN1#78bis, LBT was agreed as one of the LAA functionalities:

Agreements:
· 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 on how to handle such LBT requirements in LAA frame design.

2 Channel Access Mechanisms
The following two types of channel access mechanisms based on the LBT have been defined by regulation:

· Frame based equipment (FBE)

· Load based equipment (LBE)

In the following subsections, we discuss how LAA channel access (CA) mechanisms can be designed based on FBE and LBE, respectively, and provide comparison between such CA mechanisms.

2.1 LAA based on Frame Based Equipment (FBE)
Frame based equipment (FBE) operates in periodic manner on the basis of a fixed frame period which consists of channel occupancy time and idle time defined as follows:

· Channel occupancy time: the total time during which an equipment has transmissions on a given channel without re-evaluating the availability of the channel 

· Can be predefined between 1ms and 10ms

· Idle time: at least 5% of channel occupancy time
· At the end of the idle time, CCA is performed by observing the channel during at least 20 µs 
If the equipment finds the channel occupied in CCA period which would be located at the end of idle time, it shall not transmit anything during the next fixed frame period; otherwise it can transmit on the channel during up to the predefined channel occupancy time. Figure 1 illustrates such frame structure for FBE.
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Figure 1: Frame structure of FBE
In order to investigate possible LAA frame structures according to FBE, the minimum requirement of idle time subject to channel occupancy time from 1ms to 10ms and the corresponding number of OFDM symbols in the current LTE framework are shown in Table 1. 
Table 1: Idle time requirement subject to channel occupancy time 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
	1
	2
	3
	3
	4
	5
	5
	6
	7
	7


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

For example, in case of channel occupancy time between 3ms and 4ms, the idle time has to be at least between 0.15ms and 0.2ms, both of which correspond to 3 OFDM symbols in the LTE framework. Therefore, for the fixed frame period of 4ms which is well aligned to Japanese regulation, idle time of 3 OFDM symbols and channel occupancy time of 11 OFDM symbols plus 3 subframes could compose the fixed frame period of 4ms.
For better understanding on possible LAA frame structures based on FBE, two examples which respectively correspond to short (1ms) and long (10ms) frame periods are compared to each other below.
The design of 1ms would target LAA operation based on subframe-level ON/OFF, performing CCA once every subframe. Since PHY-layer transmission of the current LTE is scheduled in unit of one subframe, such LAA design of 1ms which can perform channel sensing right before each transmission could provide a good balance between co-existence with other radio equipments and opportunity for getting the channel. However, such 1ms design would require to perform CCA at every subframe where consuming one fixed OFDM symbol which possibly could be either one of the control region or one of the data region.
On the other hand, the design of 10ms would target LAA operation based on frame-level ON/OFF. Since the current LTE has fixed 10ms frame structure, such 10ms design would be a straightforward way to realize LAA. However, the long fixed frame structure might result in a low opportunity to acquire the channel due to the longer time interval between CCA instances.
Another observation is that in a synchronized LAA network, the CCA slot would be free from LAA interference. Simultaneous transmissions from the synchronized cells (reuse of one) can be naturally achieved if energy from WiFi is not detected (i.e. without violating LBT requirement). In the case of asynchronous LAA network (e.g. multi-operator deployment), it can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible. One example of alignment is shown in Figure 2, where there is a common idle period of neighbouring LAA cells. The need for such common idle period among LAA cells to ensure fair co-existence with WiFi can be studied. 
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Figure 2: Alignment of LAA cells’ “frame period”

Having discussed above on possible LAA frames based on FBE, it is observed that

Observation 1:

· The design of a short fixed frame period could provide a good balance between co-existence with other radio equipments and opportunity for getting the channel due to the shorter time interval between CCA instances.
· The design of a long fixed frame period could be a straightforward way to realize LAA. However, such design might result in a low opportunity to acquire the channel due to the longer time interval between CCA instances. In addition, having a long fixed frame period may not be efficiency in case of low load since there is a constant (minimum) back-off of a fixed frame period if the channel is found to be occupied. 
· Simultaneous transmissions from the synchronized cells (reuse of one) can be naturally achieved without violating LBT requirement. In the case of asynchronous LAA network (e.g. multi-operator deployment), it can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible.
2.2 LAA based on Load Based Equipment (LBE)
An equipment following LBE requirement must perform extended CCA (ECCA) between two consecutive channel occupancy times of which the maximum period is given by (13/32)q ms, where q is a predetermined value in {4, …, 32}. According to the regulation on LBE, ECCA is defined as follows:
· The equipment shall perform an ECCA check in which the channel is observed for the duration of a random factor N multiplied by the CCA observation time (at least 20 µs). 

· 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 every time an ECCA is required and the value is stored in a counter
· The counter is decremented every time a CCA slot is considered to be unoccupied
· When the counter reaches zero, the equipment may immediately transit into the channel occupancy time
In other words, in LBE, an ECCA period of at least (N+M) multiplied by 20 µs has to be located between every two consecutive channel occupancy times each of which has the period of up to (13/32)q ms, where N is randomly selected in {1, …, q} for each ECCA time and M is the number of CCA slots detected to be occupied during the ECCA operation. Figure 3 illustrates such frame structure for LBE.

[image: image3.emf]Channel Occupancy Time

[(13/32)

q

 ms]

ECCA

[(N+M)x20 us]

Channel Occupancy Time

[(13/32)

q

 ms]

ECCA

[(N

’

+M

’

)x20 us]

...


Figure 3: Frame structure of LBE
In order to study possible LAA frame structures according to LBE, the maximum channel occupancy period and the corresponding maximum value of N X 20 µs subject to the predetermined value q are shown in Table 2. Additionally, Table 2 indicates the number of OFDM symbols corresponding to the maximum value of N X 20 µs.
Table 2: Time requirements for LBE

	q
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Channel Occupancy Time (ms)
	1.63
	2.03
	2.44
	2.84
	3.25
	3.66
	4.06
	4.47
	4.88
	5.28
	5.69
	6.09
	6.50
	6.91
	7.31

	Maximum 

N X 20µs
(ms)
	0.08
	0.1
	0.12
	0.14
	0.16
	0.18
	0.2
	0.22
	0.24
	0.26
	0.28
	0.3
	0.32
	0.34
	0.36

	Min # of OFDM symbols for ECCA assuming N=q
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	5
	5
	5
	6

	q
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	

	Channel Occupancy Time (ms)
	7.72
	8.13
	8.53
	8.94
	9.34
	9.75
	10.16
	10.56
	10.97
	11.38
	11.78
	12.19
	12.59
	13.00
	

	Maximum
N X 20µs
(ms)
	0.38
	0.4
	0.42
	0.44
	0.46
	0.48
	0.5
	0.52
	0.54
	0.56
	0.58
	0.6
	0.62
	0.64
	

	Min # of OFDM symbols for ECCA assuming N=q
	6
	6
	6
	7
	7
	7
	7
	8
	8
	8
	9
	9
	9
	9
	


※ One OFDM symbol period = (0.0719ms (1st symbol of a slot) & 0.0713ms (other symbols) for normal CP, 0.083333ms for extended CP)
For example, when q is predetermined between 11 and 13 in an LAA based on LBE, the maximum channel occupancy time has to be between 4ms and 5ms, which meaning the equipment can transmit continuously up to 4 subframes if the channel is decided clean in the last ECCA procedure before the transmission. After such continuous transmission, the LBE has to perform the ECCA for which the maximum value of N is randomly selected while the value M is determined totally depending on the transmission of other LAAs or RATs including WiFi. In other words, since N is random and M can theoretically be any value between zero to infinity, when following LBE operation, LAA would need to be designed taking into account such characteristics that the ECCA period can change at every ECCA timing in a range of any number of OFDM symbols.
Given the fact that LBE can operate channel sensing on continuous CCA slots, it could be more adaptive to change of load of a channel than FBE where channel sensing is performed in a fixed duration (e.g. 20 µs) in a periodic manner. In addition, since WiFi APs apply the channel access mechanism following LBE, LBE could provide a fairer channel access for LAA than FBE when co-existing with WiFi.
Based on the above discussions, it is observed that
Observation 2:

· LBE could be more adaptive to change of load of a channel than FBE since LBE can operate channel sensing on continuous CCA slots
· WiFi APs apply the channel access mechanism following LBE, LBE could provide a fairer channel access for LAA than FBE when co-existing with WiFi
· When following LBE operation, LAA would need to be designed taking into account characteristics such that the ECCA period can change at every ECCA timing in a range of any number of OFDM symbols.
3 Conclusions
In this contribution, we discussed LAA CA mechanisms based on FBE and LBE. Based on the discussion it is observed and proposed that:
Observation 1 (for FBE):

· The design of a short fixed frame period could provide a good balance between co-existence with other radio equipments and opportunity for getting the channel due to the shorter time interval between CCA instances.

· The design of a long fixed frame period could be a straightforward way to realize LAA. However, such design might result in a low opportunity to acquire the channel due to the longer time interval between CCA instances. In addition, having a long fixed frame period may not be efficiency in case of low load since there is a constant (minimum) back-off of a fixed frame period if the channel is found to be occupied. 
· Simultaneous transmissions from the synchronized cells (reuse of one) can be naturally achieved without violating LBT requirement. In the case of asynchronous LAA network (e.g. multi-operator deployment), it can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible.
Observation 2 (for LBE):

· LBE could be more adaptive to change of load of a channel than FBE since LBE can operate channel sensing on continuous CCA slots
· WiFi APs apply the channel access mechanism following LBE, LBE could provide a fairer channel access for LAA than FBE when co-existing with WiFi
· When following LBE operation, LAA would need to be designed taking into account characteristics such that the ECCA period can change at every ECCA timing in a range of any number of OFDM symbols.
Proposal: Both FBE based and LBE based LAA channel access mechanisms should be further studied and evaluated during the course of the SI.
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