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1 Introduction
This contribution presents some evaluation results and observations for DL+UL LAA and Wi-Fi. In RAN1#80bis, a new working assumption was made for the LBT category 4 scheme for DL transmission. On the other hand, very limited time has been spent on discussion on UL transmission. In this contribution, we assume the agreed LBT category 4 scheme for LAA DL and a LBT category 2 scheme for LAA UL. We provide and analyse the coexistence performance for this setup.
2 DL+UL LAA in the same unlicensed band
2.1.1 DL transmission
In RAN1#80bis, a LBT category 4 scheme for DL transmission is agreed as following[1], 
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots
· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window
· 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)
· FFS: Conditions under which initial CCA is used
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied before transmission after channel becomes idle
· FFS: Continuing count down during 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). 
· FFS: A defer period configured to be zero.
· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants
· FFS: Relationship, if any, between contention window and maximum channel occupancy?
· Discuss the values of all the above parameters at RAN1#81
· FFS: Applicability of this to DRS
· Adaptability of the energy detection threshold can be applied
· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 

· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above
For simplicity, in this contribution the above parameters are set to be identical with the corresponding parameters of WiFi as shown in Table 1. The adaptation of the contention window size is based on the proportion of ACKs of the latest DL burst. If the eNB received ACK from more than half of the UEs for which data is transmitted in the latest DL burst, then Y is reset to the minimum value (15). Otherwise, the contention window (Y+1) is doubled from last DL transmission.
Table 1 Assumption for LBT category 4 scheme
	Parameters
	Values

	Duration of  defer period and ICCA
	34 us

	ECCA slot size
	9 us

	X
	0

	Y
	15, 31, , , 1023


2.1.2 UL transmission
As a start point, it is assumed here that the UE performs a LBT category 2 scheme for UL transmission.  In this method, each UE carries out 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 the same cell. UE multiplexing in the frequency domain may be realized in the case where the UEs can start to transmit their signals with the same timing. To make it happen more easily, multiplexed UEs could start CCA with the same timing and have the same backoff time. 
As shown in Fig.1, cross-carrier scheduling from the licensed carrier is used here to avoid the delay of UL grant. The last symbol in each subframe is dropped to give CCA time for the next UE. Right before each scheduled UL transmission, the UE performs a CCA check of 40 microseconds duration. If the channel is detected to be idle, then the UE transmits.
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Fig. 1: UE-sensing based method

2.1.3 Scheduling modes
From a scheduler perspective, the operation on an unlicensed band can be categorized into four modes, DL-only mode, UL-only mode, DL+UL mode and idle mode. The scheduler adaptively determines which mode to be used in each period based on the buffer status of DL/UL traffic. Fig. 2 shows an example of mode transition. In DL-only mode, only DL allocation is performed per subframe in the scheduler. In UL-only mode, only UL allocation is performed per subframe in the scheduler. In DL+UL mode, both DL scheduling and UL scheduling are performed per subframe.
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Fig. 2:  Scheduling mode

3 Coexistence evaluation results for DL+UL LAA and WiFi 
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 are 50%:50%.  As for UL, only one UE is allocated to a subframe (no UE multiplexing in frequency domain). The maximum length of a DL burst is 4 ms. During the DL+UL mode, the period for DL transmission and UL transmission are switched every 4 subframes. If a UL transmission is scheduled in the beginning of a UL period, the DL transmission right before the UL period is always scheduled to be finished by the timing of 1 OFDM symbol before the UL period. 
Table 2 Simulation results for LAA-WiFi coexistence
	Reported parameters
	Low load
BO range for Wi-Fi Opt.B in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. B in Step 1: 35%~50%
	High load
BO range for Wi-Fi Opt.B  in Step 1: above 55%

	
	Wi-Fi Oprt.B in step 1
	Wi-Fi Oprt.A in step 1
	Wi-Fi Oprt.B in step 2
	LAA Oprt.A in step 2
	Wi-Fi Oprt.B in step 1
	Wi-Fi Oprt.A in step 1
	Wi-Fi Oprt.B in step 2
	LAA Oprt.A in step 2
	Wi-Fi Oprt.B in step 1
	Wi-Fi Oprt.A in step 1
	Wi-Fi Oprt.B in step 2
	LAA Oprt.A in step 2

	DL:
UPT CDF
[Mbps]
	5%
	0.00 
	1.74 
	10.5 
	0.00 
	0.05 
	0.04 
	1.40 
	4.56 
	0.07 
	0.03 
	0.31 
	3.72 

	
	50%
	36.7 
	38.3 
	51.6 
	83.3 
	13.5 
	15.2 
	29.1 
	54.9 
	2.42 
	3.44 
	23.6 
	49.4 

	
	95%
	88.6 
	99.8 
	108.9 
	151.0 
	76.0 
	77.6 
	92.1 
	147.3 
	58.6 
	62.8 
	86.3 
	140.4 

	
	Mean
	39.9 
	43.8 
	54.6 
	84.4 
	21.4 
	24.2 
	35.2 
	62.0 
	14.8 
	15.3 
	29.9 
	55.7 

	DL:
Delay CDF
[s]
	5%
	0.032 
	0.032 
	0.032 
	0.026 
	0.032 
	0.032 
	0.032 
	0.026 
	0.033 
	0.032 
	0.032 
	0.026 

	
	50%
	0.064 
	0.061 
	0.053 
	0.031 
	0.093 
	0.090 
	0.061 
	0.042 
	0.096 
	0.104 
	0.068 
	0.049 

	
	95%
	0.398 
	0.421 
	0.253 
	0.188 
	3.452 
	3.336 
	0.594 
	0.413 
	7.083 
	8.467 
	1.064 
	1.044 

	
	Mean
	0.151 
	0.155 
	0.088 
	0.067 
	0.748 
	0.735 
	0.193 
	0.139 
	1.124 
	1.271 
	0.388 
	0.296 

	UL:
UPT CDF
[Mbps]
	5%
	2.08 
	0.00 
	4.14 
	0.00 
	0.29 
	0.44 
	2.81 
	6.11 
	0.27 
	0.27 
	1.42 
	3.26 

	
	50%
	25.6 
	27.4 
	30.4 
	47.1 
	13.7 
	13.0 
	20.8 
	34.7 
	5.38 
	5.04 
	17.4 
	32.9 

	
	95%
	47.4 
	46.0 
	51.9 
	66.4 
	39.9 
	38.1 
	45.4 
	62.0 
	35.1 
	34.6 
	43.2 
	62.0 

	
	Mean
	25.4 
	25.7 
	29.6 
	45.3 
	15.6 
	15.4 
	22.2 
	35.0 
	10.8 
	10.9 
	18.9 
	32.4 

	UL:
Delay CDF
[s]
	5%
	0.064 
	0.064 
	0.064 
	0.059 
	0.064 
	0.064 
	0.064 
	0.059 
	0.064 
	0.064 
	0.064 
	0.059 

	
	50%
	0.109 
	0.105 
	0.086 
	0.064 
	0.134 
	0.123 
	0.097 
	0.084 
	0.155 
	0.146 
	0.107 
	0.093 

	
	95%
	0.372 
	0.335 
	0.234 
	0.217 
	1.478 
	1.417 
	0.402 
	0.491 
	2.444 
	2.624 
	0.627 
	0.690 

	
	Mean
	0.165 
	0.141 
	0.110 
	0.099 
	0.444 
	0.423 
	0.154 
	0.170 
	0.660 
	0.668 
	0.236 
	0.242 

	𝜌DL
	0.99 
	0.99 
	0.99 
	1.00 
	0.82 
	0.86 
	0.95 
	0.99 
	0.69 
	0.72 
	0.93 
	0.99 

	𝜌UL
	0.99 
	0.99 
	0.98 
	1.00 
	0.92 
	0.93 
	0.96 
	1.00 
	0.90 
	0.89 
	0.96 
	0.99 

	BO[%]
	15.1 
	14.9 
	11.2 
	7.1 
	43.2 
	43.0 
	22.5 
	13.2 
	56.5 
	56.5 
	28.5 
	17.7 

	Discarding rate of UL grants[%]
	N/A
	N/A
	N/A
	12.1 
	N/A
	N/A
	N/A
	20.3 
	N/A
	N/A
	N/A
	22.3 

	𝜆 [Files/s/UE]
	0.1
	0.12
	0.1275

	Company/tdoc: 
LBT category:  category 4 for DL transmission, category 2 for UL transmission
Additional information: no UE multiplexing in frequency domain for LAA UL
Sensing threshold used:  -62dBm 
Whether defer periods are used or not:  yes
CCA and ECCA slot length: 9 us for DL 
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions: FTP model 1


Table 3 Simulation results for LAA-LAA coexistence
	Reported parameters
	Low load
BO range for Wi-Fi Opt.B in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. B in Step 1: 35%~50%
	High load
BO range for Wi-Fi Opt.B  in Step 1: above 55%

	
	LAA Oprt.B in step 3
	LAA Oprt.A in step 3
	LAA Oprt.B in step 3
	LAA Oprt.A in step 3
	LAA Oprt.B in step 3
	LAA Oprt.A in step 3

	DL:
UPT CDF
[Mbps]
	5%
	25.0 
	0.00 
	24.1 
	24.2 
	25.2 
	25.1 

	
	50%
	101.3 
	105.3 
	87.2 
	91.1 
	86.0 
	86.6 

	
	95%
	148.2 
	151.0 
	148.2 
	151.0 
	146.8 
	151.0 

	
	Mean
	98.3 
	99.0 
	87.9 
	89.3 
	86.5 
	87.3 

	DL:
Delay CDF
[s]
	5%
	0.027 
	0.026 
	0.027 
	0.026 
	0.027 
	0.026 

	
	50%
	0.027 
	0.027 
	0.029 
	0.027 
	0.030 
	0.031 

	
	95%
	0.126 
	0.116 
	0.158 
	0.165 
	0.164 
	0.165 

	
	Mean
	0.048 
	0.046 
	0.054 
	0.054 
	0.059 
	0.058 

	UL:
UPT CDF
[Mbps]
	5%
	27.8 
	14.7 
	26.2 
	20.5 
	17.3 
	25.7 

	
	50%
	53.3 
	54.9 
	48.4 
	50.8 
	47.6 
	50.5 

	
	95%
	65.6 
	67.2 
	65.3 
	65.8 
	64.9 
	65.8 

	
	Mean
	51.0 
	51.6 
	47.4 
	48.8 
	45.3 
	48.7 

	UL:
Delay CDF
[s]
	5%
	0.060 
	0.059 
	0.060 
	0.059 
	0.060 
	0.059 

	
	50%
	0.065 
	0.059 
	0.065 
	0.064 
	0.065 
	0.064 

	
	95%
	0.156 
	0.144 
	0.182 
	0.172 
	0.196 
	0.187 

	
	Mean
	0.083 
	0.079 
	0.090 
	0.085 
	0.095 
	0.089 

	𝜌DL
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	𝜌UL
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	BO[%]
	6.2 
	6.1 
	8.1 
	7.7 
	8.6 
	8.4 

	Discarding rate of UL grants[%]
	7.0 
	6.4 
	11.2 
	8.1 
	10.5 
	8.9 

	𝜆 [Files/s/UE]
	0.1
	0.12
	0.1275

	Company/tdoc: 

LBT category:  category 4 for DL transmission, category 2 for UL transmission

Additional information: no UE multiplexing in frequency domain for LAA UL
Sensing threshold used:  -62dBm 

Whether defer periods are used or not:  yes

CCA and ECCA slot length: 9 us for DL 

Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED

Any significant deviations from evaluations methodology and assumptions: FTP model 1


Table 2 and Table 3 show the simulation results for LAA-WiFi coexistence and LAA-LAA coexistence, respectively. It can be seen that the performance of throughput and buffer occupancy of both the Operator B and the Operator A improves a lot when Operator A uses LAA instead of WiFi. As discussed in RAN1#80bis, a WiFi-like LBT category 4 definitely enables fair coexistence between LAA DL and WiFi. Meanwhile, the feature of central controlled mechanism of LAA UL improves the coexistence performance by reducing the collisions due to unexpected simultaneous transmissions 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 a certain resource thanks to the central control mechanism.  As a result, DL+UL LAA 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: A LAA network where the eNB performs a LBT category 4 scheme for DL transmission, and the UE performs a LBT category 2 scheme can coexist well with a Wi-Fi 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 by the UE due to the busy condition of the operating channel. For example, the LAA operator A in the step 2 in Table 2 shows that 22.3% 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 17.7%. Therefore, solutions to reduce the discarding rate should be investigated. Depending on whether the sensing is mandated at the UE or not, several schemes could be studied. In case the sensing is mandated at the UE according to the assumption in above simulation, 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. In case the sensing for UL transmission can be done by the eNB alone, there are still some scenarios in which UL grants may be discarded due to the busy condition of the channel. For example, the UE might need to receive some Clear-To-Send signal or reservation signal from the eNB right before the UL transmission considering the coexistence between LAA-WiFi or LAA-LAA in the case there is no DL traffic in this cell [3]. If the CTS/reservation signal cannot be sent by the eNB due to the busy condition of the channel, the UE has to discard the UL grants.        
Observation 2: Even in a low load case for the UL transmission of LAA, the discarding rate of UL grants is non-negligible. A high discarding rate of UL grants could happen even in the case where only the eNB performs CCA for UL transmission. Solutions to reduce the discarding rate should be investigated.

4 Conclusions

The following observations summarize the above discussion based on the simulation results for DL+UL LAA and WiFi in an unlicensed band, 
Observation 1: A LAA network where the eNB performs a LBT category 4 scheme for DL transmission, and the UE performs a LBT category 2 scheme can coexist well with a Wi-Fi 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.
Observation 2: Even in a low load case for the UL transmission of LAA, the discarding rate of UL grants is non-negligible. A high discarding rate of UL grants could happen even in the case where only the eNB performs CCA for UL transmission. Solutions to reduce the discarding rate should be investigated.
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