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1 Introduction

In RAN1 #78bis meeting, it was agreed that Listen-before-talk (Clear channel assessment) is one of the identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system [1]. In Europe, two kinds of listen-before-talk (LBT) mechanism are defined, i.e. Load Based Equipment (LBE) and Frame Based Equipment (FBE). 
In this contribution, the comparison of LBE and FBE are discussed, focusing on the mechanism and evaluation performance.
2 Discussion
2.1 Description of LBE and FBE

In this section, the mechanism of LBE and FBE will be discussed and compared. Other details for description of LBE and FBE can refer to [2].
For LBE, before a transmission or a burst of transmission on an Operating Channel, a Clear channel assessment (CCA) check using “energy detect” shall be performed by the equipment. If the Operating Channel is considered to be idle, the equipment may occupy this channel immediately and transmit continuously at most for Maximum Channel Occupancy Time. If the Operating Channel is considered to be occupied or the equipment has made use of this channel for Maximum Channel Occupancy Time, the equipment shall perform an Extended CCA (ECCA) check which is based on a randomly generated backoff counter. When the backoff counter is reduced to zero, the Operating Channel may be occupied immediately. Figure 1 depicts on example of LBE, where the backoff number for ECCA is 5. For LBE, CCA check can be performed at any time based on the demand of data transmission.
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Figure 1. One example of LBE
For FBE, a Fixed Frame Period is defined, which consists of Channel Occupancy Time and Idle Period. Before starting transmissions on an Operating Channel, the equipment shall perform a CCA check towards the end of the Idle Period using "energy detect". If the Operating Channel is considered as occupied, the equipment shall not transmit on that channel during the next Fixed Frame Period. Figure 2 depicts one example of FBE.
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Figure 2. One example of FBE
Table 1 summarizes the mechanism comparison between LBE and FBE. 

Table 1. Comparison between LBE and FBE

	
	LBE
	FBE

	Initiation time for CCA check
	Can be performed at any time if there is a demand of data transmission
	Only performed towards the end of the Idle Period.

	Observation time for one CCA slot
	>=20us

	Duration for ECCA check
	N*[one CCA slot], where N~[1,q] and q = 4…32
	No ECCA check

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

	Behaviours when CCA check  indicates an Operating Channel is occupied
	ECCA check can be performed until the backoff counter is reduced to zero
	No transmission during the next Fixed Frame Period.

	Others
	q is declared by the manufacturer
	Minimum Idle Period: >5 % of the Channel Occupancy Time.


2.2 Pros/Cons of LBE and FBE

Since LBE enables the eNB to sense the channel whenever there is packet in the buffer and if the channel is considered to be occupied, ECCA can be immediately initiated to sense the channel continuously. Opportunities to access the channel could be found when a packet is just ready to be transmitted, similar as for Wi-Fi. In addition, since the channel occupancy time can be selected within the maximum value (13/32)*q ms, LBE would achieve flexible transmission duration to adapt to the system load.
In a companion contribution [3], it was proposed that for LBE the data transmission can start in the middle of the subframe so as to increase the data transmission efficiency. The main challenge would be the complexity and power consumption for the UEs to blindly detect the start of the eNB transmission Therefore enhancements to alleviate UE detection complexity should be considered. 
For FBE, the main advantage is to have clear frame timing, e.g. the end of the Idle Period can always be at the subframe boundary. Considering the agreement in last meeting [4], i.e. DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA, the potential start time of data transmission over the unlicensed Scell can be known in advance with assistance of the timing relationships between the unlicensed Scell and the licensed Pcell. This will greatly decrease the UE detection complexity. In addition, when considering the support of UL transmission, if UE still follows the scheduling timing from the eNB, FBE which has clear frame timing seems to be a better choice than LBE.
One of the disadvantage of FBE is the fixed CCA window will restrict the opportunity to access the channel. Furthermore if CCA check indicates an Operating Channel is occupied, there will be no transmission during the next Fixed Frame Period, which would result in low transmission efficiency especially in the heavy load case. This would also bring the blocking issue, as depicted in Figure 3. If two LAA eNBs are unsynchronized and the traffic load of the eNB1 which occupies the unlicensed spectrum in advance is relatively heavy, the eNB2 may not obtain the opportunity to access this channel for a long time. This will especially happen among operators who deploy co-channel LAA in the same region. Enhancements to overcome this unfairness problem should be further studied, such as coordinating FBE patterns or configuring flexible frame structure among multiple nodes to avoid blocking. In addition, in order to ensure the structure of fixed frame period, the length of fixed frame period may not be changed quickly. Therefore it would be inflexible to adjust transmission duration to adapt to system load, which results in low efficiency and possible resource waste.
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Figure 3: Example of unfair usage over the unlicensed spectrum for FBE
According to the above analysis, the Pros/Cons of LBE and FBE are summarized in Table 2.
Table 2. Pros/Cons of LBE and FBE for DL
	
	LBE 
	FBE 

	Pros 
	More opportunities to access the unlicensed spectrum;
Flexible transmission duration to adapt to the system load; 
	Clear timing which can reduce blind detection complexity;

	Cons 
	UE blind detection complexity if the eNB can transmit useful information in the middle of a subframe.
	Less opportunity to access the unlicensed spectrum;

Inflexible to adjust transmission duration to adapt to system load, which results in low efficiency and possible resource waste 


2.3 Performance comparison of LBE and FBE

In this section, the evaluation results for LBE and FBE will be further compared when LAA coexists with LAA. For FBE, the Fixed Frame Period is 10ms and the Idle Period is 5% of the Channel Occupancy Time. Other simulation assumption can be found in the Appendix.

The performance comparison of LBE and FBE when LAA coexist with LAA is shown in Figure 4. The performance of LAA-LBE is the baseline and the relative performance of LAA-FBE over LAA-LBE is depicted. 

It can be observed that for both outdoor and indoor scenarios, LAA-FBE outperforms LAA-LBE in the middle traffic load case due to the short CCA time and quick access to the channel; LBE outperforms FBE in the heavy traffic load case due to more channel access opportunity. The more channel access opportunity would make LAA-LBE utilize the channel more on average and therefore the performance will be improved.
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Figure 4. Performance comparison between LBE and FBE when LAA coexists with LAA
Observation: when LAA coexists with LAA,
· FBE outperforms LBE in the light to middle traffic load due to the short CCA time and quick access to the channel; 

· LBE outperforms FBE in the heavy traffic load due to more channel access opportunities, which makes LAA-LBE utilize the channel more on average.
In summary, according to the above discussion and observation based on the simulation results, the following proposals are provided.

Proposal:
· Both LBE and FBE based LBT mechanisms should be studied for LAA-LTE.
· LBE is slightly preferred for DL only LAA transmission.
· Enhancement of LBE to reduce UE blind detection complexity should be considered.

· FBE can also be considered.
· Enhancement of FBE to overcome the unfair usage over the unlicensed spectrum should be considered, such as configuring flexible frame structure.
3 Conclusion

In this contribution, the comparison between LBE and FBE is discussed from the mechanism and evaluation results. According to the analysis, some observation and proposals are obtained as follows:
Observation: when LAA coexists with LAA,
· FBE outperforms LBE in the light to middle traffic load due to the short CCA time and quick access to the channel; 

· LBE outperforms FBE in the heavy traffic load due to more channel access opportunities, which makes LAA-LBE utilize the channel more on average.

Proposal:
· Both LBE and FBE based LBT mechanisms should be studied for LAA-LTE.

· LBE is slightly preferred for DL only LAA transmission.

· Enhancement of LBE to reduce UE blind detection complexity should be considered.

· FBE can also be considered.

· Enhancement of FBE to overcome the unfair usage over the unlicensed spectrum should be considered, such as configuring flexible frame structure.
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Appendix1: Simulation assumptions

According to the agreed simulation assumption, the following parameters are shown the specification for details. Others are not mentioned are aligned with [5].

Table A1 some primary simulation assumptions

	Parameters 
	LAA-LTE 

	Tx and feedback mode 
	MIMO with 1layer transmission

	LBT scheme
	LBE, FBE

	Scheduler algorithm
	PF

	CCA busy threshold
	-73 dBm/MHz + 23 - PH, 
PH specified in dBm EIRP

	Length of extended CCA /CCA backoff
	1~32 CCA slots for LBE;

1 CCA slot for FBE

	Time slot
	24us

	Max transmission time
	13ms for LBE;
10ms for FBE.

	HARQ 
	retransmission with max 3times 

	Traffic model 
	BB. FTP3 with packet size of 0.5Mbyts. 

Low, median, high traffic load are evaluated.

	Metric
	User Perceived Throughput


Appendix2: Draft text proposal of TR36.889 for comparison of LBE and FBE
The following provides a description on overview of main physical designs for DL operation without UL in unlicensed spectrum for TR36.899 [5] according to the above discussions and proposals.

--- Begin of Text Proposal ---
7
Design targets, functionalities and solutions for LAA
Editor notes: One sub-section per identified functionality (e.g., LBT) that describes the functionality and the potential solutions for the functionality. The solution can involve PHY layer and/or higher layers.
7.1
Design targets and functionalities
Based on the design targets, at least the following functionalities are required for an LAA system:
-
Listen-before-talk (Clear channel assessment)

The listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. European and Japanese regulations mandate the usage of LBT in the unlicensed bands. Apart from regulatory requirements, carrier sensing via LBT is one way for fair sharing of the unlicensed spectrum and hence it is considered to be a vital feature for fair and friendly operation in the unlicensed spectrum in a single global solution framework.
Two kinds of LBT mechanisms are defined [5], i.e. Frame Based Equipment (FBE) and Load Based Equipment (LBE). The following table summarize the key points of mechanism for LBE and FBE, other detailed description of these two mechanisms can be found in [5].
Table x. Comparison between LBE and FBE

	
	LBE
	FBE

	Initiation time for CCA check
	Can be performed at any time if there is a demand of data transmission
	Only performed towards the end of the Idle Period.

	Observation time for one CCA slot
	>=20us

	Duration for ECCA check
	N*[one CCA slot], where N~[1,q] and q = 4…32
	No ECCA check

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

	Behaviours when CCA check  indicates an Operating Channel is occupied
	ECCA check can be performed until the backoff counter is reduced to zero
	No transmission during the next Fixed Frame Period.

	Others
	q is declared by the manufacturer
	Minimum Idle Period: >5 % of the Channel Occupancy Time.


The Pros and Cons of FBE and LBE for DL are summarized in the following table.
Table y. Pros/Cons of LBE and FBE for DL

	
	LBE 
	FBE 

	Pros 
	More opportunities to access the unlicensed spectrum;
Flexible transmission duration to adapt to the system load; 
	Clear timing which can reduce blind detection complexity;

	Cons 
	UE blind detection complexity if the eNB can transmit useful information in the middle of a subframe.
	Less opportunity to access the unlicensed spectrum;

Inflexible to adjust transmission duration to adapt to system load, which results in low efficiency and possible resource waste 


The performance comparison of LBE and FBE is also simulated when LAA coexists with LAA. It is observed that the performance of LAA-FBE is better than LAA-LBE in the light to middle traffic load case and worse than LAA-LBE in the heavy traffic load case.
--- End of Text Proposal ---
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