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1. Introduction

In RAN1#78bis, the following functionalities were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1], where LBT (Listen-before-talk) is considered as a pre-requisite functionality for coexistence of LAA with inter-operator/RAT networks
· 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
In RAN1#79, the following was agreed regarding subframe alignment and LBT operation for DL LAA [2].
	Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization


In RAN1#80, the following was agreed to categorize LBT schemes for evaluation of coexistence performance of LAA [3].
	Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4


Considering these agreements and discussions so far, this paper suggest viable options and design principles for DL LBT operation of LAA.
· Terminologies

For the convenience of discussion, we use the following terminologies regarding LBT as we suggest in [9].

Data burst: 
eNB or UE’s transmission of physical signals/channels inherited from Rel-12 (e.g., PDSCH, (E)PDCCH, CRS, CSI-RS, etc. for eNB. PUSCH, SRS, etc., for UE) during the duration of radio channel occupation through LBT operation

Reservation signal: 
potential signal transmitted by eNB or UE for channel reservation before it starts transmitting a data burst
Initial signal: 
potential signal (including reservation signal, etc.) transmitted by eNB or UE before it starts transmitting a data burst
Transmission (TX) burst: eNB or UE’s whole transmission including (potential) initial signal and data burst during the duration of radio channel occupation through LBT operation
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Figure 1. U-cell transmission structure example
2. DL LBT operation
In this section, we discuss two options for DL LBT operation, that is, DL LBT with random back-off and without random back-off. 
2.1. DL LBT with random back-off
To be compliant with European LBT regulation with LBE [4], random back-off with extended CCA can be introduced before eNB’s transmission. It can be assumed that eNB can perform CCA and back-off count at any time, but it can transmit a TX burst right after detecting CCA idle status under the condition that current back-off counter value is zero. To enhance this operation, the following functionalities can be considered.

· Reservation signal

· Flexible data burst starting position in a subframe

· Flexible data burst ending position in a subframe
We discuss those functionalities below.

· Reservation signal

Before transmitting a data burst, eNB can transmit reservation signal to occupy radio channel until the start of data burst. 
Reservation signal may have the following characteristics.

· Reservation signal may or may not be transmitted for each TX burst depending on the necessity.

· Transmission duration of reservation signal can be smaller than an OFDM symbol duration
Further, length of reservation signal may be limited to a maximum value, which will result in limitation to the possible TX burst start timing and limitation to the chance of channel access of LAA U-cell, as illustrated in figure 1 (where 1ms data burst length is assumed for simplicity).
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Figure 1. Relationship with maximum reservation signal length and possible TX burst start timing

In RAN1 standard perspective, exact waveform of reservation signal for DL may not need to be defined unless it is designed to be used by the UE for some purposes.
Suggestion 1: For DL LBT with random back-off, reservation signal is introduced following the principles as follows.
· Reservation signal may or may not be transmitted for each TX burst depending on the necessity.

· Transmission duration of reservation signal can be smaller than an OFDM symbol duration

· length of reservation signal may be limited to a certain maximum value

· In RAN1 standard perspective, exact waveform of reservation signal for DL may not need to be defined unless it is designed to be used by the UE for some purposes
· Flexible data burst starting position in a subframe

In RAN1#ad-hoc meeting held in March 2015, support of partial PDSCH was agreed for LBT as follows [5]
	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


In the same context, it may be considered that data burst start symbol within a subframe can vary to start data transmission right after eNB completes extended CCA operation. Even with flexible data burst start, eNB may still need to transmit reservation signal until OFDM symbol boundary. Also, data burst start symbol position within a subframe may be limited to a few OFDM symbol positions to reduce the complexity of eNB/UE operation as illustrated in figure 2.
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Figure 2. Flexible data burst starting position (starting position is limited to 4 positions)
Our companion paper in [6] deals with more detailed analyses on the flexible data starting position with LBT. The consequent proposal is as follows.
Suggestion 2: For DL LBT, it can be considered to support flexible data burst starting position over limited number (e.g., 4 or less) of candidate OFDM symbol positions within a subframe.

· Data burst start position in a subframe may be indicated by L1 signaling from eNB or blindly detected by UE

· Candidate OFDM symbol positions at least includes first OFDM symbol in a subframe

· Flexible data burst ending position in a subframe

If starting position of TX burst in a subframe can vary due to, for example, variable length of reservation signal, flexible data burst ending position can be also considered to maximize the channel utilization under the regulation of maximum channel occupation time as illustrated in figure 3 (where maximum channel occupation time is assumed as 4ms).
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Figure 3 Flexible data burst end position

Our companion paper in [6] deals with more detailed analyses on the flexible data ending position with LBT. The consequent proposal is as follows.

Suggestion 3: For DL LBT, it can be considered to support flexible data burst ending position among limited number (e.g., 4 or less) of candidate OFDM symbol positions within a subframe.

· Data burst ending position in a subframe may be indicated by L1 signaling from eNB

· Candidate OFDM symbol positions at least includes last OFDM symbol in a subframe

2.2. DL LBT without random back-off
To be compliant with European LBT regulation with FBE [4], it can be assumed that eNB can start data burst transmission only at the start of the limited set of subframes which can be defined by subframe period and offset as illustrated in figure 4. If the period is set to 1 subframe, eNB may start data burst transmission at any subframe but the maximum data burst length should be limited within a subframe as illustrated in figure 4(b). To enhance this operation, the following functionalities can be considered.
· Handling sustained unfairness between neighbour cells

· Flexible data burst ending position in a subframe
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(a) CCA period = 4 subframes
[image: image6.emf]PCell

1ms subframe

U-cell

Possible TX burst start positions Frame period for FBE


(b) CCA period = 1 subframe

Figure 4. DL LBT without random back-off

· Handling sustained unfairness between neighbour cells
There can be unfairness between intra/inter- operator neighbour cells on the chance of channel access due to the sustained DL timing difference between neighbour cells. We discuss the details in our companion paper in [7]. 
· Flexible data burst ending position in a subframe

To satisfy the European regulation of LBT with FBE [4], idle time period should exist between consecutive TX burst transmissions. Therefore, a few last OFDM symbols of the last subframe within a CCA period may not be used for actual transmission. This may require flexible data burst ending position in a subframe, as suggested in section 2.1 
2.3. CCA gap for consecutive TX burst transmissions
For DL LBT operation without reservation signal, it is beneficial to finish TX burst transmission earlier than the last OFDM symbol of a subframe to make it possible to start CCA operation for another TX burst transmission from the next subframe. We call the remaining OFDM symbols in the last subframe of a TX burst as “CCA gap”. Figure 5 illustrates the gain of CCA gap. Without CCA gap, a whole subframe will be wasted for the LBT operation to transmit another TX burst after a TX burst transmission has finished as shown in figure 5(a).

Even for DL LBT operation with reservation signal, CCA gap provides chance to start another TX burst transmission from the very next subframe after the previous TX burst transmission and reduce the reservation signal transmission as illustrated in figure 6.

[image: image7.emf]PCell

1ms subframe

U-cell

CCA idle CCA busy


(a) without CCA gap
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(b) with CCA gap

Figure 5. Gain of CCA gap (without random back-off)
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Figure 6. Gain of CCA gap (with random back-off & reservation signal)
Figure 7 and 8 shows system-level gain of operation with CCA gap over operation without CCA gap for DL LBT in WiFi-LAA coexistence environments, where the details simulation assumptions follows table 1 in the annex. In the simulation with CCA gap, we assumed each TX burst finishes on the 4th last OFDM symbol of the last subframe to create the gap. As shown in the figures, introducing CCA gap provide considerable gain over the case where TX burst occupies full last subframe without CCA gap.

Suggestion 4: For DL LBT, TX burst transmission from eNB can be finished before last N OFDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
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(a) Indoor                                         (b) Outdoor
Figure 8. DL LBT without random back-off and no reservation signal
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(c) Indoor                                         (d) Outdoor
Figure 9. DL LBT with random back-off and reservation signal
2.4. Potential specification supports for DL LBT operation

As discussed in a companion paper [8], both LBT with random back-off and LBT without random back-off provide good performance while keeping or enhancing the performance of coexisting WiFi network in most cases. In comparison of two LBT options, one option is not always superior to the other option and it depends on the test environments and the details optimization of each option.
In the specification point of view, since DL LBT operation mainly depends on eNB scheduler strategy and supporting either one of those two options may not make significant difference in the specification at least for the UE.
Based on the discussion in this paper, we suggest the following for the potential specification supports for DL LBT operation
Suggestion 5: For LAA DL, the following functionalities should be considered to support both LBT with random back-off and LBT without random back-off
· Reservation signal

· Flexible data burst starting position in a subframe

· Flexible data burst ending position in a subframe
· CCA gap for TX burst transmissions between consecutive subframes

3. Summary and conclusions

In this paper, we discussed details of the LBT operation of LAA DL and suggested some principles of DL LBT operation and the related enhancements. The suggestions of this paper are summarized as follows.
Suggestion 1: For DL LBT with random back-off, reservation signal is introduced following the principles as follows.

· Reservation signal may or may not be transmitted for each TX burst depending on the necessity.

· Transmission duration of reservation signal can be smaller than an OFDM symbol duration

· length of reservation signal may be limited to a certain maximum value

· In RAN1 standard perspective, exact waveform of reservation signal for DL may not need to be defined unless it is designed to be used by the UE for some purposes
Suggestion 2: For DL LBT, it can be considered to support flexible data burst starting position over limited number (e.g., 4 or less) of candidate OFDM symbol positions within a subframe.

· Data burst start position in a subframe may be indicated by L1 signaling from eNB or blindly detected by UE

· Candidate OFDM symbol positions at least includes first OFDM symbol in a subframe

Suggestion 3: For DL LBT, it can be considered to support flexible data burst ending position among limited number (e.g., 4 or less) of candidate OFDM symbol positions within a subframe.

· Data burst ending position in a subframe may be indicated by L1 signaling from eNB

· Candidate OFDM symbol positions at least includes last OFDM symbol in a subframe

Suggestion 4: For DL LBT, TX burst transmission from eNB can be finished before last N OFDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
Suggestion 5: For LAA DL, the following functionalities should be considered to support both LBT with random back-off and LBT without random back-off
· Reservation signal

· Flexible data burst starting position in a subframe

· Flexible data burst ending position in a subframe
· CCA gap for TX burst transmissions between consecutive subframes
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Annex. Evaluation assumptions
Table 1. System-level evaluation assumptions
	
	LAA
	WiFi

	Macro cell layout
	19 sites

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	24 us
	8 us

	Tx burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop



































