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1 Introduction
During RAN WG1 #78bis meeting, the regulatory requirements on the unlicensed spectrum is discussed and related agreements can be seen as follows [1]:
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 present our views on the potential physical enhancements needed for LAA to addressed LBT including both LBE (Load Based Equipment) and FBE (Frame Based Equipment).
2 LBT Requirements of FBE and LBE
The LBT requirements have been summarized in Table 1 [2]. For both of FBE and LBE, before starting transmission, Clear Channel Assessment (CCA) is required using energy detection within the CCA time. If the detected energy level is below the CCA threshold, the channel can be used for a duration defined as the Channel Occupancy time. After that, another CCA check is required.
The illustration of the FBE and LBE with q = 4, 12 are shown in Figure 1 and Figure 2 accordingly. The comparison of the LBE and FBE is listed as follows:
· Frame structure
· The FBE has a fixed frame structure, while the LBE does not.
· CCA opportunity
· For FBE, if the channel is determined to be busy based on the CCA detection, the equipment has to wait for the CCA occasion until the next frame. 
· For LBE, if the channel is determined to be busy based on the CCA detection, it will start an extended CCA time which including N CCA time. N is randomly selected in the range 1… q. If the channel is determined to be free in a CCA time, N will be decreased by one. And the transmission will be started when N decrease to zero. 
=>The LBE has more CCA opportunities than that of the FBE when the CCA results of the first CCA check is channel busy. 

· Channel occupancy time

· For FBE, the channel occupancy time is  between 1 and 10 ms.
· For LBE, it is a time less than 13*q / 32 ms with the q is selected within the range {4,… 32}, The longest channel occupancy time is 13 ms.

=>The longest channel occupancy time for LBE is longer than that of FBE.

· Idle period

· For FBE, the idle time should be not less than 5% of channel occupancy time. The shortest idle time of FBE is 50 us.
· For LBE, the idle time is the Extended CCA time. The shortest Extended CCA time is one CCA time, i.e., 20 us.

=>The shortest idle time of LBE is shorter than that of FBE.

Table 1 LBT requirements for frame-based equipments and load-based equipments
	Parameter
	Frame-based equipments
	Load-based equipments

	Clear Channel

Assessment (CCA)
	Energy detection for no less than 20μs

	Extended CCA time
	Not applicable
	Duration of a random factor N multiplied by the CCA observation time. 

N shall be randomly selected in the range 1..q every time, q=4…32

	Channel occupancy time
	[1, 10] ms
	<= (13/32) × q ms

	Idle period
	>= 5% of channel occupancy time
	Extended CCA time

	Short control signaling transmission time 
	Maximum duty cycle of 5% within an observation period of 50ms 

	CCA energy detection threshold 
	Assuming receive antenna gain G=0dBi:

If EIRP=23dBm at transmitter

Threshold ≤ -73 dBm/MHz

Otherwise, for max transmit power PH
Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
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Figure 1: Illustration of FBE
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Figure 2: Illustration of LBE with q = 4 and q = 32

Observation 1: 

· The LBE has more CCA opportunities than that of the FBE when the CCA results of the first CCA check is channel busy.

· The longest channel occupancy time LBE is longer than that of FBE.

· The shortest idle time of LBE is shorter than that of FBE.
3 Analysis of FBE and LBE in LAA
When using the unlicensed bands, LTE also need to comply with the requirements. According to objectives of LAA in [3], the most important design target for coexistence between LAA and WiFi is that LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. Then the comparison between LAA with FBE or LBE and WiFi with CSMA/CA is presented here.

The illustration of CSMA/CA procedure in WiFi system [4] and one example of CSMA/CA with CW (Contention Window) equal to 31 are shown in Figure 3 and 4 separately. The parameter defined in WiFi with the Direct Sequence Spread Spectrum (DSSS) system is shown in Table 2. 
With CSMA/CA, before starting the transmission, channel detection is also required. 

· If the channel is determined to be free in DIFS, backoff time will be started. Backoff time equals to M multiplied by aSlotTime. M is randomly selected between 0 and CW whose range is from aCWmin to aCWmax. In each aSlotTime, if channel is free, M is decreased by one. Otherwise, M is not changed. When M decreased to zero, the transmission will be started immediately. 

· If the channel is determined to be busy, the equipment will continue to detect the state of the channel until it is free. Then start backoff procedure described above.
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Figure 3: Illustration of CSMA/CA in WiFi
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Figure 4: Illustration of CSMA/CA in WiFi when CW = 31
Table 2 Parameters in WiFi with DSSS
	Parameter 
	 Value 

	aCCATime
	 15 us

	aSlotTime
	20 us

	aSIFSTime
	10 us

	DIFS
	= aSIFSTime  + 2 * aSlotTime  = 50 us

	aCWmin
	31

	aCWmax
	1023

	CW
	aCWmin CW aCWmax

	Backoff time
	Random () * aSlotTime,  0  Random () CW

	aMPDUMaxLength
	4 x (
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3.1 Comparison between FBE in LAA and CSMA/CA in WiFi
An example of the frame structure of FBE is illustrated in Figure 5. The fixed frame period is assumed to align with a LTE radio frame, and the CCA time is allocated in subframe #0. Moreover, the CCA time can be allocated in any subframe. Especially for TDD scenario, the CCA time can be allocated in any types of subframes, including DL subframe, UL subframe and special subframe. 

The CCA time is expected to occupy only one symbol and appears only one time in each radio frame period. While for CSMA/CA, there are many CCA times if the channel is busy. Thus, the CSMA/CA mechanism outperforms the FBE from the viewpoint of channel occupancy opportunities.


[image: image9]
Figure 5: Illustration of FBE based LBT in LAA
Observation 2: 

· The CSMA/CA mechanism outperforms the FBE from the viewpoint of channel occupancy opportunities.
3.2 Comparison between LBE in LAA and CSMA/CA in WiFi
An example of the frame structure of LBE in LAA is illustrated in Figure 6. 
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Figure 6: Illustration of LBE based LBT in LAA

The comparison between LBE in LAA and CSMA/CA in WiFi is categorized into the following dimensions:

· CCA opportunity
· LBE and CSMA/CA have comparable CCA opportunities. 
· Channel occupancy probability when detecting a free channel 
· For CSMA, when the channel is determined to be free, a backoff procedure will be started. That means the transmission will be not started immediately. 

· While for LBE, when the channel is determined to be free, the transmission will be started immediately.

=>The LBE is more aggressive on occupying channel when detects channel free.

· Channel occupancy probability when detecting a busy channel 
· For CSMA/CA, when the channel is determined to be busy, the channel detection will be continued. Only when detects channel free, a backoff procedure will be started. The Backoff time equals to M multiplied by aSlotTime. M is randomly selected between 0 and CW whose range is from 31 to 1023.
· For LBE, when the channel is determined to be busy, an extended CCA time will be started. The extended CCA time equals to N multiplied by CCA time. N is randomly selected between 1 and q whose range is from 4 to 32.
=>The largest value of M is 1023, while the largest value of N is 32. Based on backoff time equals to M * aSlotTime and extended CCA time equals to N * CCAtime, backoff time is longer than extended CCA time with higher probability unless CCA time is larger than 32 times of aSlotTime. Thus the LBE is more aggressive on occupying channel when detects channel busy.
Observation 3: 

· The LBE is more aggressive on occupying channel than CSMA/CA when the channel is determined to be free.

·  The backoff time is longer than extended CCA time with higher probability unless CCA time is larger than 32 times of aSlotTime. Thus the LBE is more aggressive on occupying channel than CSMA/CA when the channel is determined to be busy.
Based on our analysis, it is preferred to introduce the FBE in LAA as using the FBE on unlicensed band will not impact the WiFi services more than an additional WiFi network. Meanwhile, the FBE is easier to accommodate to the LTE frame-based design and the standard effort could be saved.
Proposal 1:  Regarding the introduction of LBT mechanism in LAA, it is preferred to set the FBE as the baseline solution in Rel-13 LAA study.
4 Conclusions
In this contribution, we present the discussion on regulation requirements for LAA using LTE. Based on our analysis, we have the following observations and proposals:
Observation 1: 

· The LBE has more CCA opportunities than that of the FBE when the CCA results of the first CCA check is channel busy.

· The longest channel occupancy time LBE is longer than that of FBE.

· The shortest idle time of LBE is shorter than that of FBE.
Observation 2: 

· The CSMA/CA mechanism outperforms the FBE from the viewpoint of channel occupancy opportunities.
Observation 3: 

· The LBE is more aggressive on occupying channel than CSMA/CA when the channel is determined to be free.

·  The backoff time is longer than extended CCA time with higher probability unless CCA time is larger than 32 times of aSlotTime. Thus the LBE is more aggressive on occupying channel than CSMA/CA when the channel is determined to be busy.
 Proposal 1:  Regarding the introduction of LBT mechanism in LAA, it is preferred to set the FBE as the baseline solution in Rel-13 LAA study.
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