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1 Introduction
In a licensed band an eNB is required to schedule UL transmissions 4 or more subframes before the actual transmission from UEs.  How to incorporate Listen-Before-Talk (LBT) function into such a central control mechanism is a key issue for the design of the LAA UL transmission scheme. We have proposed to study both of eNB-sensing based LBT and UE-sensing based LBT in RAN1 [1]. As a first step, this contribution provides some initial evaluation results and findings for UE-sensing based LBT.
2 UE-sensing based LBT operation in UL
In this method, each UE practices UL transmission based on its own sensing results. The UEs do not transmit UL signals if the channel is detected to be occupied even if it is by a UE in a same cell. UE multiplexing in the frequency domain may be realized in the case the UEs can start to transmit the signal with the same timing. To make it happen, multiplexing UEs could start CCA with the same timing and have the same backoff time. Another alternative is to have a cell specific reservation signal sent from some UEs and allow a UE which detects the cell specific reservation signal to transmit UL signals without judging the status of operating channel by itself.
3 Initial evaluation results
Fig. 1 shows the assumed scheme of LAA UL transmission for the initial evaluation. Basically, it aligns with frame-based LBT in ETSI EN 301 893 [2]. The UL transmissions are scheduled per subframe. Right before each scheduled UL transmission, the UE performs a CCA check of 40 microseconds. If the channel is detected to be idle, then the UE transmits. The last symbol in each subframe is dropped to give CCA time for the next UE. Basic simulation assumption is based on the indoor scenario for LAA coexistence evaluation in TR 36.889 [2]. The number of unlicensed carrier is 1. Each operator has 20 UEs. DL/UL traffic ratios in each step are shown in Table 1. For the simulations here, LAA has only UL traffic. We performed the simulations with and without UE multiplexing in frequency domain. For UE multiplexing in the frequency domain, our assumption is that at most four UEs can be multiplexed in a subframe and the granularity of scheduling is 25RBs. The UE listens to the whole 20MHz bandwidth no matter how much bandwidth it uses temporally. In step 3, operator 2 has a subframe timing 0.5ms earlier than operator 1.
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Fig. 1: UE-sensing based method

Table 1 DL/UL traffic ratio
	
	Step1
	Step 2
	Step 3

	
	Oprt. 1
	Oprt. 2
	Oprt. 1
	Oprt. 2
	Oprt. 1
	Oprt. 2

	Network type
	WiFi
	WiFi
	WiFi
	LAA
	LAA
	LAA

	DL/UL ratio
	80%/20%
	0%/100%
	80%/20%
	0%/100%
	0%/100%
	0%/100%


Table 2 Simulation results for LAA UL without UE multiplexing in frequency domain
	Reported parameters
	Medium load

BO range for Wi-Fi Opt.1 in Step 1: 35%~50%

	
	Wi-Fi Oprt.1 in

step 1
	Wi-Fi Oprt.2 in

step 1
	Wi-Fi Oprt. 1 in

step 2
	LAA Oprt.2

in

step 2
	LAA Oprt.1
in

step 3
	LAA Oprt.2

in

step 3

	DL:

UPT CDF

[Mbps]
	5%
	0.07
	N/A
	2.50
	N/A
	N/A
	N/A

	
	50%
	12.8
	N/A
	20.9
	N/A
	N/A
	N/A

	
	95%
	47.5
	N/A
	58.6
	N/A
	N/A
	N/A

	
	Mean
	17.2
	N/A
	25.3
	N/A
	N/A
	N/A

	UL:

UPT CDF

[Mbps]
	5%
	0
	0.66
	0
	11.0
	22.3
	25.5

	
	50%
	6.87
	13.2
	15.8
	31.7
	37.7
	41.6

	
	95%
	33.9
	31.5
	46.2
	50.2
	51.6
	58.1

	
	Mean
	10.7
	14.3
	18.3
	31.2
	37.4
	41.6

	𝜌DL
	0.82
	N/A
	0.96
	N/A
	N/A
	N/A

	𝜌UL
	0.95
	0.91
	0.97
	0.99
	1.00
	1.00

	BO
	44.6
	42.9
	23.2
	15.8
	11.8
	10.5

	Discarding rate of UL grants
	N/A
	N/A
	N/A
	18.4
	17.1
	10.8

	𝜆 [Files/s/UE]
	(DL/UL)  0.2/0.05
	(UL only) 0.25
	(DL/UL)  0.2/0.05
	(UL only) 0.25

	Offered traffic [Mbps/Cell]
	(DL/UL)  4.0/1.0
	(UL only) 5.0
	(DL/UL)  4.0/1.0
	(UL only) 5.0


Table 3 Simulation results for LAA UL with UE multiplexing in frequency domain
	Reported parameters
	Medium load

BO range for Wi-Fi Opt.1 in Step 1: 35%~50%

	
	Wi-Fi Oprt.1 in

step 1
	Wi-Fi Oprt.2 in

step 1
	Wi-Fi Oprt. 1 in

step 2
	LAA Oprt.2

in

step 2
	LAA Oprt.1
in

step 3
	LAA Oprt.2

in

step 3

	DL:

UPT CDF

[Mbps]
	5%
	0.07
	N/A
	1.89
	N/A
	N/A
	N/A

	
	50%
	12.8
	N/A
	18.7
	N/A
	N/A
	N/A

	
	95%
	47.5
	N/A
	66.1
	N/A
	N/A
	N/A

	
	Mean
	17.2
	N/A
	24.7
	N/A
	N/A
	N/A

	UL:

UPT CDF

[Mbps]
	5%
	0
	0.66
	0
	15.1
	22.5
	24.5

	
	50%
	6.87
	13.2
	16.3
	32.3
	37.0
	40.2

	
	95%
	33.9
	31.5
	40.0
	52.0
	52.4
	57.1

	
	Mean
	10.7
	14.3
	17.6
	32.9
	37.1
	40.2

	𝜌DL
	0.82
	N/A
	0.96
	N/A
	N/A
	N/A

	𝜌UL
	0.95
	0.91
	0.97
	1.00
	1.00
	1.00

	BO
	44.6
	42.9
	24.5
	15.1
	12.8
	11.2

	Discarding rate of UL grants
	N/A
	N/A
	N/A
	16.6
	17.9
	11.7

	𝜆 [Files/s/UE]
	(DL/UL)  0.2/0.05
	(UL only) 0.25
	(DL/UL)  0.2/0.05
	(UL only) 0.25

	Offered traffic [Mbps/Cell]
	(DL/UL)  4.0/1.0
	(UL only) 5.0
	(DL/UL)  4.0/1.0
	(UL only) 5.0


Table 2 and 3 show the simulation results without and with UE multiplexing in frequency domain respectively. Both tables show that the performance of throughput and buffer occupancy of both the Operator 1 and the Operator 2 improves a lot when Operator 2 uses LAA instead of WiFi.  One main reason for such an improvement is that the collisions due to unexpected simultaneous transmissions happen less often in step 2 compared to step 1. In Wi-Fi all the UEs which have UL traffic compete for the channel, while in LAA only one UE tries to access to a certain resource thanks to the central control mechanism.  As a result, LAA UL can easily coexist with WiFi. It can be envisioned that the advantage of the central controlled mechanism would get larger when the density of UEs increases.  

Observation 1: The use of LAA rather than WiFi for UL transmission can improve the performance of a coexisting DL+UL WiFi network. In comparison to WiFi networks, thanks to the central controlled feature, the LAA network can reduce the collisions between the bursts from different nodes and improve the frequency utilization efficiency especially in the case that many nodes have UL traffic in the same cell.

On the other hand, because of the central controlled mechanism, there is a (at least) 4 ms time difference between a UL grant and the corresponding UL transmission. The simulation results show that many UL grants are not carried out due to the busy condition of the operating channel. For example, the LAA operator 2 in step 2 in Table 2 shows that 18.4% of sent UL grants are not used by the UE because the channel is detected to be busy, even though the buffer occupancy is only 15.8%. Therefore, solutions to reduce the discarding rate should be investigated. A straightforward idea is to allow multiple transmission opportunities from one UL grant. The second transmission opportunity could be just one or more subframes after the first opportunity. Another possibility would be to allow partial subframe transmission like in the discussion on DL transmission. The complexity of partial subframe transmission of UL could be further studied.
Observation 2: Even in a low load case for the UL transmission of LAA, the discarding rate of UL grants is non-negligible. Solutions to reduce the discarding rate, such as indicating multiple transmission opportunities by one UL grant, should be investigated.

The simulation results of step 3 apparently show that LAA operator 2 has a better performance of throughput and discarding rate of UL grants than LAA operator 1. It is because the assumptions here are the use of frame-based LBT, a fixed time difference of the UL timing between the two operators (0.5ms), and cross-carrier scheduling for UL transmission. All of these assumptions are not unrealistic. The solution to prevent such inequality may need to be investigated. Furthermore, it might need to be discussed how much fairness between two LAA operators should be targeted.
Observation 3: Frame-based LBT may cause inequality between different LAA operators. The solutions to solve it, and how much fairness between LAA operators should be targeted, may need to be further discussed.
Observation 4: Under the simulation assumptions used here, frequency domain multiplexing between UEs in LAA slightly degraded co-existence with both WiFi and LAA. This aspect may need further investigation
4 Conclusions

The following observations summarize the above discussion based on the initial simulation results for UL transmission in the unlicensed bands, 
Observation 1: The use of LAA rather than WiFi for UL transmission can improve the performance of a coexisting DL+UL network. Thanks to the central controlled feature, the LAA network can reduce collisions and improve the frequency utilization efficiency especially in the case that many UEs/STAs have UL traffic in the same cell.

Observation 2: Even in a low load case for the UL transmission of LAA, the discarding rate of UL grants is non-negligible. Solutions to reduce the discarding rate, such as indicating multiple transmission opportunities by one UL grant, should be investigated.
Observation 3: Frame-based LBT may cause inequality between different LAA operators. The solutions to solve it, and how much fairness between LAA operators should be targeted, may need to be further discussed.
Observation 4: Under the simulation assumptions used here, frequency domain multiplexing between UEs in LAA slightly degraded co-existence with both WiFi and LAA. This aspect may need further investigation.
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