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1 Introduction
At SI stage [1], multiple channel access schemes have been evaluated:
· 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

The TR recommends a Category 4 LBT mechanism to be the baseline at least for LAA DL transmission bursts containing PDSCH [2].

While at the RAN1 #81 meeting, the following consensus has been reached [3]:

Agreement:

· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities.

In addition, at the RAN1#82 meeting [4] and the subsequent mail discussion about UL LBT for LAA [83-06], the following agreement have been reached:
Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of  at least 25 us before the transmission burst
· The sensing duration in a CCA slot can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}, 
· FFS: The random back-off counter is generated at the eNB and is signalled to the UE.
· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel.
· The UL maximum contention window size should be smaller than for DL category 4 LBT.
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary.
· FFS: Energy detection threshold used for UL LBT
Agreement:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 μs between the two bursts.
· Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling.
· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedure should be supported
· A CCA duration of  at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot,
· FFS: The random back-off counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT
· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
· FFS: Energy detection threshold used for UL LBT
Based on the above discussion and consensus, in this contribution, we will share our view on possible channel access options for LAA uplink. 
2 Design principle for UL transmission

UL transmission in the current LTE system is based on the eNB centralized scheduling or configuration. However, the LAA UL design could largely depend on whether a UE is allowed to transmit UL signals only based on the CCA results of the eNB or UE. In Europe and Japan, the LBT regulations should be satisfied to transmit signals through unlicensed spectrum, transmit information such as PUCCH, PUSCH, SRS and PRACH etc. But it is not clear whether it is allowed for a master node to perform CCA and trigger a salve node’s transmission based on the results of that CCA.
Here, we will discuss two potential alternatives in terms of whether master-slave mode can be used for UL LBT (UE or eNB performs LBT) [5]-[11].

Alternative1: eNB performs DL LBT for Uplink transmission of scheduled UEs
One possible solution to handle the mismatch between eNB scheduling and UE LBT results is to allow the eNB to perform LBT for the UE before scheduling. In other words, before transmitting UL grants, the eNB should performs CCA, if the channel is idle, eNB sends UL grant to schedule UEs and holds the channel until the UE follows UL grant transmit UL signal in the scheduled subframe without performing UL LBT. If the operating channel is occupied, the eNB stops or delays transmitting UL grants and UE cannot send UL signal.
The advantage of this alternative is that UE could transmit every time a corresponding UL scheduling grant is received. Besides, this approach doesn’t change the existing scheduling mechanism, saving UE power consumption and avoiding the waste of resources caused by the failure of LBT for UE. 
However, eNB-sensing method can cause the hidden nodes problem. But the problem can be avoided to a certain extent by using the method of lower CCA detection threshold. For example, When eNB performs LBT on behalf of the scheduled UE, CCA detection threshold is denoted as A. and when eNB performs LBT process for downlink transmission, CCA detection threshold is denoted as B,  A<B. in addition, eNB uses low CCA threshold is to expand the detection range, and reduce the impact of the hidden nodes problem. Specific CCA threshold A lower to what extent the need for further research and simulation assessment. 
Alternative2: UE performs UL LBT for Uplink transmission
European LBT regulation [12] requires channel clear assessment before transmission per device without differentiating device types. In this sense, the straightforward way for scheduling-based UL transmission is that after scheduling indication is received, the UE is required to perform LBT before transmission. If the CCA results indicate the channel is available, the UE would transmit UL data according to the eNB scheduling. Otherwise, the UE would give up this transmission. 

With this alternative, if the UE fails to access the channel in CCA procedure, UL scheduling indication and corresponding UL resources would be wasted. In addition, the channel accessibility of each UE is unpredictable at the eNB side when the eNB performs centralized scheduling for all the served UEs. As a result, the spectrum usage would be inefficient due to a mismatch between the eNB scheduling and the UE LBT results.
Based on the above discussion, we find that alternative1 and alternative2 have their own advantages. Therefore, two potential alternatives can be supported for LAA.
Proposal 1: For LAA uplink transmission, the following two options should be supported.

· eNB performs DL LBT and UE doesn’t perform LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap  at most 16µs between the two bursts.
· UE performs UL LBT for uplink transmission.
3 UL LBT for LAA
In this section, we will analyze the requirements of UL LBT and discuss the related fast UL LBT schemes, etc. 
3.1 LBT adaptation
For self-carrier scheduling scenario, from the aspect of fair channel access with Wi-Fi, Wi-Fi nodes would not have any disadvantage even if the scheduled LAA uplink transmissions is performed via simpler (or fast) UL LBT schemes ( for special details see section 3.2). The reason is that a regular LBT Cat4 has been already performed by the serving eNB before sending UL grant on unlicensed carrier. In addition, the fast LBT scheme is helpful to reduce the hidden node problem at a minimal cost in UE side. Note that for the first uplink sub-frame in a transmission burst, the fast LBT scheme can be used with “defer followed by ECCA”, and the second uplink sub-frame can be available for fast LBT such as in the “direct extended CCA” scheme. Similarly, the subsequent uplink sub-frames uses a gradually simpler or fast LBT scheme (e.g., LBT Cat2 , enhanced LBT Cat2 scheme or LBT Cat4 with small contention window size) in order to improve channel access opportunity. Furthermore, the same LBT scheme or parameters in each uplink sub-frame can be used for channel access. 
For cross-carrier scheduling scenario, UL grant is transmitted from a licensed PCell that is not subject to LBT, and UE should perform LBT procedure before the uplink transmission based on some local regulation requirements. At this point, if the UE access channel via a fast LBT, e.g., “defer followed by ECCA” with small contention window size and CWmax = 3, and the Wi-Fi nodes perform a regular LBT Cat4 procedure with CWmax = 512 to access channel. Then the channel access fairness can’t be maintained. Therefore, for the first scheduled uplink sub-frame in a transmission burst, a regular LBT Cat4 (e.g., CWmax=64) should be performed and the maximum contention window size should be greater than that for self-carrier scheduled UL. At the same time, the UL maximum contention window size can be smaller than that for DL category 4 LBT. And the subsequent scheduled uplink sub-frames can use a gradually decreasing contention window size in order to improve channel access opportunity.
In addition, in order to avoid the case where UE can’t access channel in the first scheduled uplink sub-frame, no matter with what kind of scheduling model, it is recommended that the channel observation window by the UE is configured to e.g., more SC-FDMA symbol, and LBT procedure can be limited in the last one or two symbols of uplink sub-frame for the subsequent UL transmission. 
Finally, for “No LBT” option, the LBT regulation requirements for different regions are different. In addition, when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16µs or 25µs between the two bursts and meet the region regulation, then the LBT procedure performed by eNB should be different than that of UE.
Taking into account the working assumption of #82 meeting and the views in the subsequent email discussion about UL LBT for LAA [83-06], for multiple consecutive uplink sub-frames in a transmission burst, it is recommended that the different LBT mechanisms or parameters can be adopted for each uplink sub-frames.
Proposal 2: For a transmission burst including multiple consecutive uplink sub-frames, it is recommended that the different LBT mechanisms/parameters can be adopted for each uplink sub-frames. 
3.2 LBT schemes
Based on the above discussion, we will further discuss possible channel access options for LAA uplink. It mainly can be classified that LBT without random back-off and LBT with random back-off.
Note that UE performs an LBT during one or more symbol of the sub-frame before the actual PUSCH transmission is scheduled. To allow the sensing in the last symbols, there are two possible options as follow:

Option1: Puncture in the last symbol of the PUSCH transmission.

With this option, PUSCH transmission is shorted to 13 symbols and the last symbol of the PUSCH transmission can be punctured to allow for next scheduled UE LBT. The disadvantage of this option is that the SRS signal may not be transmitted if the last symbol is punctured.

Option2: Mute certain REs or sub-band in the last symbol of the PUSCH transmission.

In comparison to option 1, option 2 doesn’t need to puncture the last complete symbol and just silence certain REs or sub-band of the last symbol for next scheduled UE LBT. It can reduce the waste of PUSCH resources. At the same time, if the method of muting certain REs is adopted, then the normal transmission of the SRS is not affected.
Proposal 3: It is recommended that the method provided by option 2 can be considered.
3.2.1 LBT without random back-off

In this section, LBT without random back-off called as LBT Category 2. If LAA UL transmission with LBT Category 2, multiple UEs scheduled in the same UL subframe by one LAA eNB can adopt the common CCA opportunities, such that UL multi-user multiplexing can be easily achieved. Furthermore, if the position of CCA is located before subframe boundary, alignment of subframe boundary and data transmission staring position can also be achieved. Therefore, design principles of LAA UL can be reached with less effort assuming LBT category 2 being adopted. Note that using of LBT category 2 before the UL transmission can also improve the channel access capability of LAA UL to achieve a fair contention between LAA and WIFI in UL. Below Case1 will further describe the idea of an LBT Category 2 scheme,
Case1:  LBT Category 2
For Case1, UE can perform CCA before scheduled subframe is transmitted for a channel access opportunity, and a CCA duration can be set to 34us, 25us, 20us, 16us, 9us or 10us. Preferably, it can be set to 25us in order to meet Wi-Fi system feedback ACK time. Furthermore, the sensing duration can be less than the CCA duration. Based on this, in order to avoid the inter-user blocking when multiple user as TDM scheduled for UL transmission, the last one or several symbol of a UL subframe may needs to be reserved to provide CCA opportunity.
LBT Category 2 has simple procedure and a fixed position for CCA. But current LBT Category 2 only performs one single CCA with a fixed start position. A fixed position of CCA may cause unfairness of channel access among asynchronous LAA UEs. The reason is that the relatively large timing delay caused by the asynchronization would causes one UE always start the LBT later than some others and therefore may constantly lose in LBT competition with high possibility.The simulation results of Case1 are shown in Table 1~3 of Appendix. Therefore, further enhancement should be considered to increase channel access opportunity and fairness.
Case2: Enhanced LBT Category 2
For Case2, we proposed an enhanced LBT Cat2 method to improve access channel opportunity and fairness. One situation is that: the CCA detection start position of the UE can be randomly selected in the pre partitioned CCA detection time window where the first successful CCA allows the LAA UE occupying this unlicensed carrier. The corresponding simulation results are shown in Table 1~3 of Appendix. The other is that: the start position of CCA slot can be fixed in the pre partitioned CCA detection time window. Among them, the channel is considered to be used as long as the idle time of the continuous detection channel is greater than the default detection threshold. 

Compared with the Case1, Case2 provides different CCA detection position for different UE, Thereby making it not only can solve unfairness problem according to the two nodes’ timing difference, but also can increase the opportunity of UE access channel. Simulation results in the appendix confirm this advantage.
Proposal 4: From the perspective of fairness between operators, in comparison to Case1, it is preferable to choose UE random selection CCA detection start position method in Case2 for UL LBT before UL data transmission.

3.2.2 LBT With random back-off

In this section, LBT with random back-off called as LBT Category 4. Among them, Category 4: LBT with random back-off with variable size of contention window. Here, one concern is that LBT operation with random back-off may competitive compared to LBT operation without random back-off since it has relatively more chance to access channel. And if LBT with random bank-off is adopted, it is difficult to complete LBT procedure within a specified symbol and achieve multiplexing of UEs in a same subframe. Based on this, combined with the LAA uplink feature and in order to make the UE fast complete LBT process within a specified symbol, a possible solution is as follows.
Case3: N value decreases in defer period time.

For Case3, there are two kinds of random back-off LBT scheme: one method is direct extended CCA (random back-off) procedures. Another is initial CCA and extended CCA (random back-off) procedures. These two LBT processes are different from the existing LBT processes, that is, in defer period time, if the CCA checking the channel as idle, random back-off value N can be used to decrease. Here, defer period duration including a defer duration of 16us followed by n consecutive CCA slots. Among them, the range of n is [0, 2] and n default value is 1, the duration of a CCA slot is 9 us.
The following example shows the method of decreasing the N value in defer period time (e.g., a defer period of 25µs including a defer duration of 16 us followed by one CCA slot), if defer duration of 16 us be detected as idle, N does not perform the decrement operation. And if one CCA slot be indicated the channel as idle, then N can be decreased.
The advantage of this approach is that it can reduce the time of the UE access channel and enhance the probability of UE access channel, so as to achieve the ultimate uplink performance improvement. 
3.3 Optimization of UL LBT 
In the RAN1#82 meeting, it was discussed that DL transmission of data traffic with different QoS requirements may require different sets of LBT parameters. At the same time, in the Wi-Fi system, there are also a corresponding relationship between different QoS classes and different access categories/sets of LBT parameters. Therefore, it suggest that different QoS classes of the method can also be considered to introduce into uplink.
Note that different parameters including n (defer period of 16us + n x slots), CWmin and CWmax are used for different QoS classes for LAA UL, a list of reference parameters was documented:
	Level
	CWmin
	Cwmax
	n

	Highest
	1
	3
	1

	Next highest
	3
	4
	1

	Typical
	5
	6
	1

	Lowest
	6
	7
	1


4 Conclusion
In this contribution, we discuss several possible UL LBT schemes and analyze the relevant LBT adaptation method. In particular, we present and discuss coexistence evaluation results for the case when both LAA and LAA have DL and UL traffic for the fast UL LBT schemes studied. We have the following proposals:
Proposal 1: For LAA uplink transmission, the following two options should be supported.

· eNB performs DL LBT and UE doesn’t perform LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap  at most 16µs between the two bursts..

· UE performs UL LBT for Uplink transmission.
Proposal 2: For a transmission burst including multiple consecutive uplink sub-frames, it is recommended that the different LBT mechanisms/parameters can be adopted for each uplink sub-frames.
Proposal 3: It is recommended that the method provided by option 2 can be considered.

Proposal 4: From the perspective of fairness between operators, in comparison to Case1, it is preferable to choose at UE random selection CCA detection start position method in Case2 for UL LBT before UL data transmission.
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6 Appendix
· Simulation Parameters
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.


[image: image1]


	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 

	Total BS TX power
	24dBm (Ptotal per carrier)
	24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells

Max total UE TX power per cell in licensed spectrum: 23dBm

Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	3m

	Traffic model
	FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.

FTP model file size: 0.08 Mbytes.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 

For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 
UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network is synchronized.

Asynchronous between different operators.

	Performance metrics
	· User perceived throughput (UPT)

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF
· LBT Victory Ratio = LBT victory times/LBT times.


· Simulation Results
As performance metric, we use the user throughput of 5%, 50%, and 95% where statistics is collected from all UEs in a system. Only on the unlicensed carrier is utilized for transmission. Note that, LBT Victory Ratio = LBT victory times/LBT times.
Table 1: indoor deployment for LAA and LAA coexistence evaluation Results and Low load FTP traffic
	Parameters
	Low load

BO range: 10%~25%

	
	Case 1
	Case 2

	
	LAA Operator1
	LAA Operator 2
	LAA Operator 1
	LAA Operator 2

	UL:

UPT CDF

[Mbps]
	5%
	1.210
	1.014
	0.678
	1.122

	
	50%
	6.071
	3.845
	4.572
	3.581

	
	95%
	11.883
	11.018
	10.589
	12.472

	
	Mean
	6.874
	4.772
	5.782
	5.032

	UL:

Delay CDF

[s]
	5%
	0.003
	0.004
	0.004
	0.004

	
	50%
	0.018
	0.033
	0.023
	0.028

	
	95%
	0.100
	0.135
	0.110
	0.134

	
	Mean
	0.029
	0.047
	0.035
	0.044

	UL:𝜌
	(%)
	90.470
	79.965
	86.035
	83.877

	UL:BO
	(%)
	16.810
	26.538
	20.516
	23.994

	UL:LBT Victory Ratio
	(%)
	91.036
	68.958
	78.347
	78.756

	𝜆
	5


Table 2: indoor deployment for LAA and LAA coexistence evaluation Results and Medium load FTP traffic
	Parameters
	Medium load

BO range: 35%~50%

	
	Case 1
	Case 2

	
	LAA Operator1
	LAA Operator 2
	LAA Operator 1
	LAA Operator 2

	UL:

UPT CDF

[Mbps]
	5%
	0.644
	0.572
	0.000
	0.783

	
	50%
	3.468
	1.463
	1.858
	1.491

	
	95%
	9.281
	9.508
	8.213
	10.002

	
	Mean
	4.854
	2.688
	3.576
	2.854

	UL:

Delay CDF

[s]
	5%
	0.004
	0.005
	0.005
	0.005

	
	50%
	0.023
	0.045
	0.031
	0.048

	
	95%
	0.115
	0.149
	0.139
	0.145

	
	Mean
	0.036
	0.060
	0.048
	0.060

	UL:𝜌
	(%)
	84.978
	46.680
	69.016
	60.100

	UL:BO
	(%)
	30.114
	53.621
	42.025
	48.881

	UL:LBT Victory Ratio
	(%)
	88.814
	56.350
	69.166
	70.050

	𝜆
	8


Table 3: indoor deployment for LAA and LAA coexistence evaluation Results and High load FTP traffic
	Parameters
	High load

BO range: above 55%

	
	Case 1
	Case 2

	
	LAA Operator1
	LAA Operator 2
	LAA Operator 1
	LAA Operator 2

	UL:

UPT CDF

[Mbps]
	5%
	0.624
	0.000
	0.150
	0.743

	
	50%
	4.860
	0.953
	1.653
	1.320

	
	95%
	10.070
	4.205
	4.870
	6.924

	
	Mean
	5.433
	1.427
	2.484
	2.090

	UL:

Delay CDF

[s]
	5%
	0.004
	0.009
	0.007
	0.009

	
	50%
	0.020
	0.067
	0.043
	0.058

	
	95%
	0.098
	0.152
	0.144
	0.148

	
	Mean
	0.031
	0.072
	0.056
	0.066

	UL:𝜌
	(%)
	87.378
	23.041
	61.533
	55.701

	UL:BO
	(%)
	33.051
	74.605
	57.253
	62.065

	UL:LBT Victory Ratio
	(%)
	91.511
	24.266
	52.301
	53.841

	𝜆
	11
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