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1 Introduction

The current version of 36.213([1]) has the following definition of defer and slot duration:
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In [2] and [3] submitted to RAN1 #84, it was pointed out  that it is not possible for LTE to exactly stick to the Wi-Fi slot and defer durations of 9us and 16us respectively due to the sampling granularity of LTE (=32.552ns). 

As a result of discussions, it was decided in RAN1 #84 to provide an LS to RAN4 with the following content:
 “RAN1 recognized and discussed, that the channel access timing for LAA given by Tf+k*Tsl with k≥1 (i.e. 16µs+k*9µs) is not a multiple of the LTE basic time unit Ts (i.e. with the LTE sampling rate). 

RAN1 would like to bring this observation to the attention of RAN4 and would like RAN4 to take this into account in their work on LAA. Specifically, some slight variations around 16µs+k*9µs may occur to comply with the LTE basic time unit/sampling rate.”

The above LS ensures that from the RAN1 specification point of view, there is no change in the requirement of the 9us and 16us durations to be maintained for [image: image8.wmf]sl
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 respectively. However, there is a margin of error allowed to comply with the sampling granularity in LTE.
Broadcom had reservations about changing the durations [image: image10.wmf]sl

T

 and [image: image11.wmf]f

T

 in the RAN1 specification directly. In this contribution, we explain the reasons why it is necessary to stick to the durations 9us and 16us for [image: image12.wmf]sl
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 respectively. It is for the purpose of being able to maintain the alignment of CCA slots across Wi-Fi and LAA. We further show the degradation in performance of all technologies if there is misalignment in the CCA slots.
2 Discussion
Channel access procedures in Wi-Fi as specified in [5] and [6] define the notion of a CCA. All Wi-Fi nodes attempt to minimize the phase error occurring due to misalignment of slots by constantly aligning their CCA slot boundaries with those of the received transmission. 
LAA also uses the notion of CCA slot. However, there is no procedure to align the CCA slot of one LAA device with the reception from another LAA or Wi-Fi device.

In this section, we discuss the problems due to slot misalignment and also provide simulation results to illustrate the same.

2.1 Problems due to slot misalignment
Slot misalignment across nodes can lead to an increased number of collisions in both LAA and Wi-Fi. This can be explained as follows. Collisions in a network with Wi-Fi and LAA nodes can be due to one of the following reasons:

· Hidden node collisions: The probability of these does not change with slot misalignment

· Nodes attempting transmission at the same time: The probability of these increases with slot misalignment. In a normal system, this probability is controlled by using Cat4 LBT with suitable CW size. The selected random backoff counter ensures that different nodes attempt to start transmission at different times due to different values of the counter. However, this is accomplished only when the CCA slots are aligned. When CCA slots are not aligned, nodes with different values of the random backoff counter or more generally, nodes with intentions to transmit in different CCA slots may still collide. The CCA interval is only a small portion of the CCA slot. In both Wi-Fi and LAA, it is defined to be a duration >=4us. It is possible for one node X to miss detecting the start of the transmission of another node Y in a particular CCA slot n of X due to misalignment.  If node X is about to start transmission in the very next slot n+1 , its transmission will then collide with that of Y even though Y started to transmit before X. Similarly, it is possible that the transmission of Y starts in the middle of slot n+1 in which X starts transmitting. This increases the probability of collisions. However, the probability of collisions reduces as the CCA interval within a CCA slot is increased as this results in lesser chance of missed detection.
Figure 1 shows an example where slot misalignment can cause more collisions. Here, two nodes S1 and S2 are close to each other and the received signal from each node is above the ED threshold. Assume that both the nodes are simultaneously performing CCA to access the channel. When the channel becomes idle, the random backoff timer of each node starts getting decremented. If there is no slot offset between them, a collision can only happen when both nodes chose the same initial value of the random backoff counter , for example n. If they have a large slot offset as shown in the figure below, the node S1 will collide with the node S2 when S1 chooses either n or n+1 as the initial value while S2 chooses n as the initial value. The converse is also true, i.e. S1 chooses n+1 and collides with S2 which chooses n+1 or n+2. Hence, slot offset can double the collision probability in this example.
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Figure 1 Large slot offset between two nodes

Additionally, slot misalignment is also unfair to other nodes not aligned to a node which ends its transmission. All these other nodes will be able to detect the end of the transmission in the CCA duration of their next CCA slot which starts with an offset from the CCA slot of the transmitting node. Hence, this increases the chance of the transmitting node regaining the opportunity to transmit again.

2.2  Simulations and Results
So far, all the results submitted by Broadcom to 3GPP assume that the CCA slot boundaries for both Wi-Fi and LAA nodes are synchronized.
In this section, we present the results of some simplified simulations to show the effect of slot misalignment.
Following is the simulation configuration and methodology:
· The simulations are done in 2 steps:

· Step 1: Wi-Fi + Wi-Fi. All the nodes are synchronized at the slot boundary.
· Step 2: Wi-Fi + LAA. Each LAA node has a uniformly distributed random slot start offset relative to the Wi-Fi slots. This random slot offset (of up to 8us) is applied to each LAA transmission burst to show the average impact. All the Wi-Fi nodes are synchronized at the slot boundary.
· We compare the performance of the non-replaced Wi-Fi network between Step 1 and Step 2.

· We test LAA CCA durations of (i) 4us and (ii) 6us within one slot. 
· If the transmission burst starts after the end of the CCA duration of the detecting node, the start will not be detected. 
· If the burst starts within 1us of the end of the CCA duration, we assume that the detecting node can detect the start as the minimal time resolution of the simulation platform is 1us.

· Channel access parameters correspond to EDCA for BE. 
· The received powers of all nodes are above the ED threshold of one another i.e. there are no hidden nodes.

· DL-only traffic is used
2.2.1 Case 1: Single channel, 2 nodes
The table below shows simulations results when using a single channel and 2 nodes where Step 1 has 2 Wi-Fi nodes and Step 2 has 1 Wi-Fi and 1 LAA node. 

Table 1: Case 1: Wi-Fi UPT, collision rate and BO
	File Arrival rate λ 
(files per flow/s)
	Step 1 (No Slot offset)
	Step 2 (CCA duration = 4us)
	Step 2 (CCA duration = 6us)

	
	Mean UPT (Mbps)
	Collision rate (%)
	BO
	Mean UPT (Mbps)
	Collision rate (%)
	BO
	Mean UPT (Mbps)
	Collision rate (%)
	BO

	1.923
	52.7
	 2.1
	0.507
	51.6
	2.9
	0.517
	
	
	

	2.500
	38.7
	3.3
	0.714
	38
	4.8
	0.732
	37.5
	4.3
	0.735

	2.857
	20.9
	5.0
	0.899
	18.5
	7.3
	0.911
	19
	 6.3
	0.908


 The table below shows the percentage degradation in Wi-Fi UPT in Step 2 relative to Step 1. 

	Table 2: Case 1: Percentage degradation in Wi-Fi UPT

File Arrival rate λ (files per flow/s)
	CCA duration = 4us
	CCA duration = 6us

	1.923
	2.09
	0

	2.5
	1.81
	3.10

	2.857
	11.48
	9.09


2.2.2 Case 2: Single channel, 4 nodes
The table below shows simulations results when using a single channel and 4 nodes where Step 1 has 4 Wi-Fi nodes and Step 2 has 2 Wi-Fi and 2 LAA nodes. 

Table 3: Case 2: Wi-Fi UPT, collision rate and BO

	File Arrival rate λ
(files per flow/s)
	Step 1 (No Slot offset)
	Step 2 (CCA duration = 4us)
	Step 2 (CCA duration = 6us)

	
	Mean UPT (Mbps)
	Collision rate (%)
	BO
	Mean UPT (Mbps)
	Collision rate (%)
	BO
	Mean UPT (Mbps)
	Collision rate (%)
	BO

	1.250
	38.3
	3
	0.515
	34.5
	 4.3
	0.543
	36.3
	3.6
	0.52

	1.389
	18.8
	4.9
	0.762
	15.5
	6.8
	0.825
	18.2
	5.6
	0.777


The table below shows the percentage degradation in Wi-Fi UPT in Step 2 relative to Step 1. 

	Table 4: Case 2: Percentage degradation in Wi-Fi UPT

File Arrival rate λ (files per flow/s)
	CCA duration = 4us
	CCA duration = 6us

	1.25
	9.92
	5.22

	1.389
	17.55
	3.19


2.2.3 Observations 

From the simulation results in sections 2.2.1 and 2.2.2, we can observe that slot offset can cause significant performance degradation in the high loading condition with about 17.5% degradation in case 2 which has 4 nodes. In a real system, there would be many more nodes and the impact of slot misalignment would be worse.
Observation 1: Misalignment of slot boundaries across different technologies can cause significant impact to performance.
As expected, the results also show that the impact of misalignment is worse in case of CCA duration of 4us per slot than in case of CCA duration of 6us per slot. This is because a longer CCA duration has lesser chance of missing the detection of the start of a burst. 
Observation 2: The impact of slot misalignment decreases as the CCA duration within a CCA slot is increased from 4us.
Here, we have simulated the impact of slot offset caused by the asynchronous operation between two systems. The offset alone causes significant degradation. If in addition to this, the CCA slot lengths also are made mismatched i.e. [image: image15.wmf]sl
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are changed from their specified values of 9us and 16us respectively, there can be no future scope of aligning slot boundaries across technologies.
Observation 3: Change in [image: image17.wmf]sl
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 from the specified values of 9us and 16us respectively will prevent any mechanism implemented in future to align slot boundaries across technologies.

Based on the above observations, we have the following proposals:

Proposal 1: 3GPP shall consider enhancing LAA LBT in one of the following ways:
· LAA requires a mechanism by which an LAA eNB accurately time aligns its channel access slots with those of coexisting IEEE 802.11 devices. One means to do so is to detect and transmit the 802.11 PHY preamble. 

· Alternatively, in the case of LAA LBT that is capable only of energy detection, LAA LBT procedure reduces the transmission burst ending position detection error by requiring a larger CCA period Xμs (X > 4, e.g. X=7) in each CCA slot, and requires detection results to be reported every 1μs during each CCA period 

Proposal 2: LAA should conform to the CCA slot length of 9us exactly and it should exactly comply with the durations 9us and 16us for [image: image19.wmf]sl
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 respectively.
3 Conclusions

Observation 1: Misalignment of slot boundaries across different technologies can cause significant impact to performance.
Observation 2: The impact of slot misalignment decreases as the CCA duration within a CCA slot is increased from 4us.
Observation 3: Change in [image: image21.wmf]sl
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 from the specified values of 9us and 16us respectively will prevent any mechanism implemented in future to align slot boundaries across technologies.

Proposal 1: 3GPP shall consider enhancing LAA LBT in one of the following ways:
· LAA requires a mechanism by which an LAA eNB accurately time aligns its channel access slots with those of coexisting IEEE 802.11 devices. One means to do so is to detect and transmit the 802.11 PHY preamble. 

· Alternatively, in the case of LAA LBT that is capable only of energy detection, LAA LBT procedure reduces the transmission burst ending position detection error by requiring a larger CCA period Xμs (X > 4, e.g. X=7) in each CCA slot, and requires detection results to be reported every 1μs during each CCA period 

Proposal 2: LAA should conform to the CCA slot length of 9us exactly and it should exactly comply with the durations 9us and 16us for [image: image23.wmf]sl
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 respectively.
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