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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. Obviously, channel access scheme is a very important aspect of LAA design. 

Multiple channel access schemes have been evaluated during SI [2]:
•	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 where the detailed description of Category 4 LBT scheme is as the following [2]:
The LBT scheme defined here is based on the procedure in Option B in clause 4.8.3.2 of [4] except for the following modifications to form a Category 4 LBT scheme that ensure fairness with Wi-Fi:
-	The size of the LAA contention window is variable via dynamic variable backoff or semi-static backoff between X and Y ECCA slots. Further details are provided below.
-	One candidate for variation of the contention window is exponential backoff. It should be noted that most of evaluations are based on exponential backoff.
-	The value of X and Y is a configurable parameter
-	For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.
-	Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
-	Based on eNB’s assessment (e.g. sensing based adjustment)
-	Consider minimum ECCA slot size smaller than 20 µs.
-	The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
-	When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle. No ECCA countdown is performed during the defer period.
-	The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
-	Initial CCA is performed to transmit a DL transmission burst when the eNB has not transmitted any signal/channel although the random backoff counter reached zero in the backoff procedure.
Furthermore, the TR also recommends a single idle sensing interval allowing the start of a DL transmission burst containing DRS without PDSCH within the DMTC. 
In this contribution, we share our views on DL LBT design for LAA. 
DL LBT with random back-off
For LBT category 4, an LAA node may perform CCA at any time of a subframe given random traffic arrival and random back-off during contention. Therefore, LAA eNBs may access channel at any time in a subframe during which LBT is performed and channel is clear after ECCA. As a consequence, the start of transmission burst may not be at the boundary of a subframe or even not at an OFDM symbol boundary. To improve spectrum efficiency, a partial subframe is used to carry initial signal and (E)PDCCH/PDSCH [5]. However, since the receiver does not know the availability of the channel in advance, signal transmission in partial subframe would increase receiver complexity and power consumption due to blind detection of transmission burst. An approach to restrict the CCA region should be considered.
For example, the CCA can be limited to be only performed from the beginning of a subframe and till at most N consecutive OFDM symbols. The value of N can be fixed or variable. For example, the N is fixed 3 or, the N varies from 1 through 7. The value of N will affect the start position of (E)PDCCH/PDSCH after successful CCA. A larger value of N leads to more possibilities of the start position of (E)PDCCH/PDSCH in the partial subframe, which in turn will increase UE blind detection complexity. But it will also increase the range of CONTENTION WINDOW in LBT and hence, it may increase the possibility of successful LBT.
Here, we give an example in Figure 1 with a fixed size of contention window with fixed starting point. The start time of CCA/ECCA of LBT is fixed at the beginning of a subframe. The first 3 contiguous OFDM symbols of a subframe are used for LBT while other OFDM symbols in this subframe are not allowed for CCA. The initial signal (e.g., PSS/SSS) is transmitted in the OFDM symbols right after a successful CCA. After that, PDSCH can be transmitted on the left OFDM symbols. With this design, the possible start positions of PDSCH in the partial subframe will be reduced which in turn will also decrease the UE detection complexity. The DCI corresponding to the PDSCH in the partial subframe can be given by a PDCCH in the next subframe as in the following Figure 1.

 
Figure 1   An example of restriction to CCA region 
Proposal 1: CCA region should be restricted to the first N OFDM symbols of a subframe. The value of N is FFS.
Note that, when X=Y is configured in LBT Category 4, LBT Category 4 becomes LBT Category 3. Hence, the LBT Category 3 is a special case of the LBT Category 4. Considering some deployment scenarios such as an operator deployed LAA network, a fixed contention windows size is beneficial. Thus, X=Y should be allowed in the LBT Category 4.
Proposal 2: X=Y can be configured in LBT Category 4
DL LBT without random back-off
There is no random back-off in LBT Category 2. Typically, there is only CCA slot in LBT Category 2. Compare to LBT Category 4, 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. It has less channel access probability on an unlicensed carrier. In addition, a fixed position of CCA may cause unfairness of channel access among asynchronous LAA nodes. The reason is that the relatively large timing delay caused by the asynchronization would causes one eNB always start the LBT later than others and therefore may constantly lose in LBT competition with high possibility.  
Some enhancements to LBT Category 2 can be considered. For example, multiple CCA slots are defined in a CCA region where the first successful CCA allows the LAA node occupying this unlicensed carrier. In another example, the start position of CCA slot can be selected from a set of pre-defined values.
There are several scenarios suitable for LBT Category 2. Short duration, long period and relative fixed position of transmission are characteristics of DRS [6]. A suitable LBT scheme should be applied to DRS without PDSCH to ensure transmission of DRS on an unlicensed carrier with high possibility. Considering the characteristics of DRS, LBT Category 2 with enhancements mentioned above is a natural fit. In another case, LBT Category 2 can be used for frequency reuse. An LAA node that wants to reuse the same unlicensed carrier can perform CCA check quickly when applying LBT Category 2. With relatively fixed position of CCA slot, LBT Category 2 has an advantage for frequency reuse to align CCA timing among LLA nodes.
Some simulation results are shown in the appendix. Four cases are evaluated: Case 1, WiFi coexist with WiFi; Case 2, WiFi coexist with LAA of LBT Category 2; Case 3, WiFi coexist with LAA of enhanced LBT Category 2; Case 4, WiFi coexist with LAA of LBT Category 4. It is observed that LAA with enhanced LBT Category 2 (Case 3) coexists WiFi better than LBT Category 4 while provides a comparable LAA performance to LBT Category 4.
Proposal 3: The enhanced LBT Category 2 should be adopted at least for DRS without PDSCH.
Multi-carrier LBT
CA is one key technology of LTE-A. For each aggregated unlicensed carrier, if independent LBT Category 4 were performed, it is difficult for an LAA node to access several carriers at the same time because of different random back-off. In addition, the CCA check for multiple unlicensed carriers may be interfered by the ACLR of intra-band. It includes two cases. The first one is that the ACLR of intra-band will affect CCA of a single node when it is competing multiple unlicensed carriers. The second case is that the ACLR of intra-band will affect CCA of multiple nearby nodes when they are competing one or more unlicensed carriers. Some approaches for multi-carrier LBT should be considered. 
Alt. 1, an LAA site applies the same LBT scheme and parameters (including random back-off) for each candidate unlicensed carrier. When all CCA checks for all the candidate unlicensed carriers are idle, the counter N for random back-off decreases by one. When the counter N goes zero, the LAA site compete successfully over all the candidate unlicensed carriers. This method can ensure fairness with WiFi on each unlicensed carrier during LBT. It can overcome disadvantage caused by ACLR of intra-band.
Alt. 2, the candidate unlicensed carriers are divided into several groups. Within one group, a primary competition carrier is selected while others are secondary competition carriers. For the primary competition carrier, a full LBT (such as LBT Category 4) is performed. For the secondary competition carriers in a group, a simplified LBT (such as LBT Category 2) is performed. For this method, the way to group the unlicensed carriers and the way to determine the primary competition carrier should be further studied. 
2 Conclusion
In this contribution, we have discussed several aspects of DL LBT design. We have the following proposals:
Proposal 1: CCA region should be restricted to the first N OFDM symbols of a subframe. The value of N is FFS.
Proposal 2: X=Y can be configured in LBT Category 4
Proposal 3: The enhanced LBT Category 2 should be adopted at least for DRS without PDSCH.
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Appendix
	
	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.
 (
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	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: 0.5 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



	Parameters
	Low load
BO range: 10%~25%

	
	Case 1
	Case 2
	Case 3
	Case 4

	
	WiFi Op1
	WiFi Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2

	UPT CDF
[Mbps]
	5%
	26.992
	27.486
	34.769
	70.221
	35.750
	76.096
	32.716
	78.402

	
	50%
	32.977
	33.308
	42.281
	99.237
	40.996
	99.135
	39.857
	104.378

	
	95%
	38.038
	46.438
	51.890
	117.738
	50.576
	122.253
	48.715
	127.513

	
	Mean
	33.208
	36.112
	43.630
	99.585
	43.081
	101.656
	41.094
	108.774

	Delay CDF
[s]
	5%
	0.065
	0.064
	0.063
	0.027
	0.063
	0.027
	0.063
	0.025

	
	50%
	0.132
	0.124
	0.094
	0.032
	0.100
	0.030
	0.104
	0.029

	
	95%
	0.390
	0.242
	0.197
	0.211
	0.211
	0.209
	0.261
	0.225

	
	Mean
	0.155
	0.136
	0.107
	0.071
	0.110
	0.069
	0.123
	0.066

	𝜌
	(%)
	99.548
	100.000
	99.548
	100.000
	99.548
	100.000
	99.548
	100.000

	BO
	(%)
	17.438
	17.336
	12.940
	8.792
	13.393
	8.715 
	14.644
	8.208 

	𝜆
	0.3



	Parameters
	Medium load
BO range: 35%~50%

	
	Case 1
	Case 2
	Case 3
	Case 4

	
	WiFi Op1
	WiFi Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2

	UPT CDF
[Mbps]
	5%
	14.023
	12.045
	23.767
	30.077
	23.474
	28.874
	17.283
	34.164

	
	50%
	18.866
	20.825
	37.897
	68.453
	36.226
	73.891
	31.186
	75.585

	
	95%
	23.675
	25.079
	42.326
	101.705
	39.040
	106.938
	37.765
	119.817

	
	Mean
	19.159
	20.568
	36.540
	71.973
	34.762
	74.547
	31.268
	78.308

	Delay CDF
[s]
	5%
	0.069
	0.067
	0.064
	0.027
	0.064
	0.027
	0.064
	0.025

	
	50%
	0.250
	0.237
	0.121
	0.066
	0.129
	0.059
	0.148
	0.060

	
	95%
	0.827
	0.790
	0.335
	0.390
	0.392
	0.382
	0.668
	0.330

	
	Mean
	0.327
	0.305
	0.151
	0.124
	0.167
	0.115
	0.217
	0.104

	𝜌
	(%)
	99.331
	100.000
	100.000
	100.000
	100.000
	100.000
	100.000
	100.000

	BO
	(%)
	36.432
	37.893
	21.180
	18.892 
	22.747
	17.834 
	26.636
	16.034 

	𝜆
	0.4



	Parameters
	High load
BO range: > 55%

	
	Case 1
	Case 2
	Case 3
	Case 4

	
	WiFi Op1
	WiFi Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2
	WiFi Op1
	LAA Op2

	UPT CDF
[Mbps]
	5%
	4.349
	2.737
	21.977
	13.671 
	17.471
	16.164 
	11.087
	16.893

	
	50%
	7.120
	8.465
	28.831
	41.686 
	26.143
	43.543 
	15.336
	47.962

	
	95%
	9.445
	11.643
	32.981
	70.529 
	32.550
	73.702 
	21.399
	76.611

	
	Mean
	7.187
	7.920
	28.049
	44.475
	25.738
	46.047
	15.878
	47.610

	Delay CDF
[s]
	5%
	0.208
	0.149
	0.066
	0.028
	0.065
	0.029
	0.078
	0.025

	
	50%
	0.831
	0.781
	0.172
	0.156
	0.183
	0.150
	0.379
	0.131

	
	95%
	3.699
	4.675
	0.508
	0.837
	0.642
	0.888
	1.582
	0.821

	
	Mean
	1.234
	1.352
	0.206
	0.261
	0.246
	0.264
	0.561
	0.221

	𝜌
	(%)
	96.053
	94.241
	99.474
	99.756
	99.474
	99.512
	99.474
	99.756

	BO
	(%)
	70.720
	73.947
	33.255
	38.473 
	36.344
	37.933 
	58.438
	34.375 

	𝜆
	0.5
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