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1
Introduction
In RAN1#78bis work began on study item RP-141664 “Study on Licensed-Assisted Access using LTE” [1]. The discussion of detailed evaluation methodologies was started. One aspect of the evaluation methodologies is the traffic duplex used during simulations. 

This contribution provides motivation and the CableLabs proposal for traffic duplexing to ensure differences in simulator output are solely related to the coexistence method under study. 
2
Discussion

2.1
Fair Modelling of Contending Nodes
All companies participating in the Study on Licensed-Assisted Access using LTE have expressed interest in that shared goal of ensuring LAA-LTE and Wi-Fi coexist fairly. To that end discussion of what simulation inputs and outputs are most useful in evaluating this fairness has been on going. 
In the study item description the following text appears:

“LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;” 

Using this clearly stated objective, it was agreed at RAN1#78bis and captured in [2] that the evaluation of LAA/Wi-Fi coexistence methods will use the following steps:

· “For each UE and eNB/AP drop

· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.

· Performance metrics for the Wi-Fi operator common to the two steps are compared.”
A key parameter in the performance of contention-based protocols is the number of nodes contending for access. A primary characteristic of the Wi-Fi MAC is that in a full buffer scenario with all nodes within CCA range of each other, each node has approximately equal probability of successful transmission attempts, P(success), when measured over a sufficiently long time sample. In short, the P(success) follows the curve of 1/x where x is the number of clients. See Figure 1 below, which exhibits this behavior. A targeted simulation using the following assumptions generated this plot: 

· All nodes are within CCA range of each other

· Single channel is used

· Full buffer traffic

· 802.11 EDCA channel access modeled

· All traffic is mapped to Best Effort access category (AIFS = 3, CWmin = 15)

· All nodes are stationary
· Monte Carlo model with 1,000,000 TXOPs evaluated per data point 
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Figure 1
In figure 1, Wi-Fi client probability of successful channel access is shown in green with a plot of 1/x in blue for reference. The offset between the ideal case (blue) and reality (green) is due to collisions. 

Observation 1: As the number of contending nodes increases, the probability of successfully contending the channel decreases.
In the simulated scenario, P(success) is directly proportional the throughput of the node.
Observation 2: Probability of successfully contending the channel is directly proportional to the throughput of the node.

Assuming any LAA-LTE LBT rule set created follows a similar trend, and the above discussion, consider two cases:

· Case 1: 

· WiFi operator 1 (Victim) = 4 AP + 60 STA

· WiFi operator 2 (Aggressor) = 4 AP + 60 STA

· All nodes DL + UL

· 128 total nodes contending for airtime
· Case 2: 

· WiFi operator 1 (Victim) = 4 AP + 60 STA 

· LAA operator 2 (Aggressor)= 4 eNB + 60 UE (assume LAA uses Wi-Fi LBT rules)

· WiFi DL + UL

· LAA DL only  

· 68 total nodes contending for airtime
It can be seen in Figure 1 that the P(success) per client for 128 nodes is approximately half that for 68 nodes. Per the discussion above, this means that the per client throughput will be doubled in Case 2 compared to Case 1. 

Observation 3: By including UL traffic on Wi-Fi aggressor network, the number of contending nodes is effectively doubled, which results in decreased throughput per node. This is not the case when the Wi-Fi aggressor network is replaced with LAA aggressor network, where the number of contending nodes is increased only by the number of eNBs. 
Observation 4: This doubling of throughput when replacing the aggressor Wi-Fi network with aggressor LAA network is not due to any coexistence techniques, it is simply because there are fewer nodes contending for the shared channel. 

Therefore, if the goal is evaluate coexistence methods, external factors in performance such as the number of contending nodes should be held constant. In this way, any variations in performance can be directly attributed to the coexistence method under test. 
Proposal 1: To maintain a constant transmitting node count, we propose the victim operator network send UL and DL traffic, while the Aggressor operator network (Wi-Fi or LAA) sends only DL traffic. This applies to user plane traffic only, i.e. FTP model 3 + VoIP traffic. The modelling of control plane ACK/NACK signalling is outside the scope of this proposal. 
2.2
Effect of Transmitting Node Count on Coexistence

Following from the conversation above, it is important to explore coexistence solutions over a range of transmitting node counts. While a certain solution may look favorable at low node counts, the performance may change at higher nodes count, or visa versa. 
To illustrate this point we have produced a targeted simulation evaluating the coexistence of EU regulation Load Based Equipment (LBE) LBT rules, defined in [3], in the presence of a variable number of transmitting nodes. In each case operator A (Wi-Fi) and operator B (Wi-Fi or LAA using LBE) had an equal number of transmitting nodes. In this simulation the following assumptions apply:
· All nodes are within CCA range of each other

· Single channel access scenario (Y=1)
· Full buffer traffic

· 802.11 EDCA channel access modeled

· All Wi-Fi traffic is mapped to Best Effort access category (AIFS = 3, CWmin = 15)

· Stationary nodes

The network topology shown in Figure 2 captures the simulated case. 
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Figure 2
In the simulation LAA clients used the LBE rules covering 3 cases where q = 10, 25, and 32. Furthermore, the extended CCA was assumed to be used for all transmissions i.e. the most favourable scenario for coexistence. For reference the baseline case has been included where operator A and B both deploy Wi-Fi networks. In the results shown in Figure 3, successful channel access is defined as a node finding the channel clear during CCA and not colliding with any other node upon transmission. 
The results in Figure 3 show that transmitting node count plays a significant role in how two LBT channel access schemes coexist. 
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The green curve is shown as a baseline, when both operators deploy Wi-Fi networks.

Observation 5: For low node counts of 4 or fewer per operator, Wi-Fi nodes (red dotted curve and red dot and dash curve) have better probability of successful channel access when coexisting with LAA network, compared to another Wi-Fi network (green curve), for certain values of q.
Observation 6: For a node count of 6 clients or more per operator:

· LAA clients get significantly higher probability of successful channel access compared to Wi-Fi clients (all black lines are above all red lines).
· At a certain client count, LAA clients completely starve Wi-Fi clients. This client count value varies with q as indicated in the plot (red line).
Observation 7: The key contributing factor is the EU LBT LBE’s limited and non-adaptive backoff range. This has two effects on coexistence. First is a shorter average backoff compared to Wi-Fi clients in a congested environment. Second, when client count rises, more clients are likely to choose the same backoff due to the limited and non-adaptive backoff range. The result is increased collisions and reduced performance.
Observation 8: LAA network implementing EU LBT LBE introduces more performance impact to Wi-Fi network, compared to another Wi-Fi network.

Proposal 2: Because EU LBT LBE rules do not ensure fair coexistence between LAA and Wi-Fi when LAA implements LBE rules, more rigorous listen before talk rules shall be investigated for LAA.
3
Conclusions

In this contribution we have motivated the use of a user plane traffic duplex model that holds the number of contending nodes constant during coexistence evaluations. We have illustrated how not using such a method can skew the results of a simulation, thus making decision inputs less clear.  A proposal is given below.
Observation 1: As the number of contending nodes increases, the probability of successfully contending the channel decreases.

Observation 2: Probability of successfully contending the channel is directly proportional to the throughput of the node.

Observation 3: By including UL traffic on Wi-Fi aggressor network, the number of contending nodes is effectively doubled, which results in decreased throughput per node. This is not the case when the Wi-Fi aggressor network is replaced with LAA aggressor network, where the number of contending nodes is increased only by the number of eNBs. 
Observation 4: This doubling of throughput when replacing the aggressor Wi-Fi network with aggressor LAA network is not due to any coexistence techniques, it is simply because there are fewer nodes contending for the shared channel. 
Proposal 1: To maintain a constant transmitting node count, we propose the victim operator network send UL and DL traffic, while the Aggressor operator network (Wi-Fi or LAA) sends only DL traffic. This applies to user plane traffic only, i.e. FTP model 3 + VoIP traffic. The modelling of control plane ACK/NACK signalling is outside the scope of this proposal. 

Observation 5: For low node counts of 4 or fewer per operator, Wi-Fi nodes (red dotted curve and red dot and dash curve) have better probability of successful channel access when coexisting with LAA network, compared to another Wi-Fi network (green curve), for certain values of q.

Observation 6: For a node count of 6 clients or more per operator:

· LAA clients get significantly higher probability of successful channel access compared to Wi-Fi clients (all black lines are above all red lines).

· At a certain client count, LAA clients completely starve Wi-Fi clients. This client count value varies with q as indicated in the plot (red line).

Observation 7: The key contributing factor is the EU LBT LBE’s limited and non-adaptive backoff range. This has two effects on coexistence. First is a shorter average backoff compared to Wi-Fi clients in a congested environment. Second, when client count rises, more clients are likely to choose the same backoff due to the limited and non-adaptive backoff range. The result is increased collisions and reduced performance.
Observation 8: LAA network implementing EU LBT LBE introduces more performance impact to Wi-Fi network, compared to another Wi-Fi network.

Proposal 2: Because EU LBT LBE rules do not ensure fair coexistence between LAA and Wi-Fi when LAA implements LBE rules, more rigorous listen before talk rules shall be investigated for LAA.

We hope companies will support our accompanying traffic duplex proposal to ensure fair comparison and evaluation of coexistence methods. 
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