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1 Introduction
There have been claims that the 802.11ax evaluations for the enterprise scenario consider a higher density of nodes than the 3GPP evaluations for LAA. In this document, the evaluation set ups for 802.11ax and the 3GPP LAA evaluations are compared in terms of the level of contention that is seen by the nodes trying to use the unlicensed band carrier. For coexistence evaluations, this is the main aspect that is of interest.
2 Discussion
The 802.11ax scenario is described in [1]-[3]. The enterprise scenario is the one that is considered here. This scenario has 8 offices as shown below.
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Figure 1: 802.11ax enterprise scenario office layout
For each office, there are 4 APs and 64 cubicles with 4 STAs in each cubicle although only two STAs per cubicle are simulated. Thus there are a total of 1024 STAs and 32 APs in a 3200 sq. meter area that are typically simulated for the IEEE scenarios. The STAs and APs are shown in the figure below.
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Figure 2: 802.11ax enterprise scenario AP and cubicle layout within an office

The simulations are done assuming a total available bandwidth of 320 MHz that is split up into four 80 MHz channels. Thus, the total number of APs per sq. meter per channel is 32/4/3200 = 0.0025. The total number of simulated STAs per sq. meter per channel is 1024/4/3200 = 0.08.
The 3GPP LAA evaluations have multiple scenarios with the most stringent one being the indoor single carrier scenario. Details for this are provided in [4]. The layout for this scenario is shown below for convenience.
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Figure 3: 3GPP Indoor evaluation scenario

In the 3GPP indoor scenario, four 20 MHz carriers or a single 20 MHz carrier can be used. We focus here on the single 20 MHz carrier scenario. The figure above shows the presence of eNBs/APs from two operators each with four nodes. In the evaluations currently being performed each operator is assumed to have 20 UEs/STAs. Thus, there are a total of 8 eNBs/APs and 40 UEs/STAs within a 6000 sq. meter area. The total number of eNBs/APs per sq. meter per channel is 8/6000 = 0.001333. The total number of UEs per sq. meter per channel is 40/6000 = 0.0067.

Given the above, it has been claimed that the 3GPP indoor evaluation scenario is not dense enough or does not consider a high enough load. However, just looking at the node density does not provide a complete picture. In the following, we consider the path loss models assumed by 802.11ax and by 3GPP for their respective scenarios. The 802.11ax pathloss model is given below [3].

Table 1: IEEE 802.11ax path loss model for enterprise scenario
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The 3GPP InH path loss model can be found in 3GPP TR 36.814 and is excerpted below for convenience [4][5].

Table 2: Path loss for 3GPP indoor evaluations

	Scenario
	Path loss [dB]

Note: fc is given in GHz and distance in meters!
	Shadow fading std [dB]
	Applicability range, antenna height default values

	Indoor Hotspot (InH) 
	LOS
	PL = 16.9log10(d) + 32.8 + 20log10(fc)
	( = 3
	3 m < d < 100 m

hBS =3-6 m

hUT =1-2.5 m

	
	NLOS
	PL = 43.3log10(d) + 11.5 + 20log10(fc)


	( = 4


	10 m < d < 150 m

hBS = 3-6 m

hUT = 1-2.5 m


	Scenario
	LOS probability as a function of distance d [m]

	InH
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In left part of Figure 4, the mean path loss considered in 802.11ax along one of the dimensions is shown along with the mean path loss considered in the 3GPP evaluations (InH with LOS probability). The figure also shows the pathloss for the InH models with LOS and with NLOS for comparison. The right part of Figure 4 shows the received power levels for the 802.11ax and 3GPP scenarios using the corresponding assumptions on antenna gains, transmit powers and noise figures.
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Figure 4: Path loss and received power levels as a function of distance between nodes using different pathloss models. Received power levels are for APs sensing other APs. 
As can be seen from the figure, the pathloss for the 802.11ax scenario is significantly higher and the received power levels consequently significantly lower than for the 3GPP evaluation scenario. The 802.11ax scenario also considers walls between offices whereas the 3GPP scenario does not consider any walls. Thus, even though the densities are lower, the lower pathloss in the 3GPP scenario compensates for this. 
Observations:
· The pathloss for the 802.11ax enterprise scenario results in significantly lower received power levels as compared to the 3GPP indoor evaluation scenario

· The 802.11ax scenario considers walls between offices leading to additional penetration losses whereas the 3GPP scenario does not consider any walls.
In the 802.11ax simulations, nodes that are more than around 40 meters are received below a threshold of -82 dBm on average. In the 3GPP scenario, the corresponding distance increases to 120 meters. In the 802.11ax scenario an AP most likely contends for channels in the three surrounding office spaces and the three other APs in its own office space. The 16 APs in these four office spaces are sharing four 80 MHz channels. Hence, an AP likely senses 4 other APs. If we consider the other two office spaces at the corners of the office, this could increase. In the simulations performed by Ericsson for IEEE 802.11ax, this number of sensed APs was measured and results of these measurements are shown in Figure 5. The figure also shows the corresponding numbers for the 3GPP indoor scenario with the same sensing threshold of -82 dBm.
[image: image7.png][5%] s Jo wonoesy

Number of APs heard



 [image: image8.emf]0 1 2 3 4 5 6 7 8

0

10

20

30

40

50

60

Number of heard APs

Fraction of APs [%]


Figure 5: Fraction of neighbouring APs sensed by an AP in the 802.11ax evaluation scenario (left) and the 3GPP evaluation scenario (right). 
The figure shows that, for the 802.11ax case, 75% of APs sense either 4 or 6 other APs and 25% sense either 5 or 7. In contrast, for the 3GPP indoor scenario, less than 5% of APs sense only 4 other APs while more than 60% sense 7 other APs in the simulated coverage area. Thus, in terms of channel contentions between eNBs or APs, the 3GPP indoor evaluation simulates a greater degree of contention between nodes. 
In addition, the channels considered in 3GPP are 20 MHz rather than 80 MHz channels and in the 3GPP evaluation scenarios the load per node is varied according to the traffic model assumed. Thus, node contentions will increase more rapidly with file arrival rates for a given node than would be the case in the 802.11ax evaluations where the nodes use 80 MHz channels.
 Observations:
· The 3GPP indoor evaluation simulates a greater degree of contention between eNBs as compared to the 802.11ax evaluation scenario.
· The node contentions will increase more rapidly with file arrival rates for 20 MHz channels than for 80 MHz channels.
Finally, it should be noted that even though the received power from UEs to APs was not shown here, the pathloss curves show that there is a significant difference in the received interference for the IEEE 802.11ax and 3GPP scenarios. For instance, a pathloss of 100 dB is reached (Figure 4) for the 802.11ax case roughly at 35 meters of distance. For the 3GPP indoor scenario this pathloss is experienced on average at a distance of 120 meters. Thus the area over which the same pathloss is experienced is roughly 11.75 times in the 3GPP scenario. The UE density per channel discussed earlier is roughly greater in the simulated 802.11ax case by a similar factor. And, in addition, the UEs use 20 MHz channels as well instead of 80 MHz channels which will increase the contentions more rapidly with increasing traffic load as mentioned above. 

Observation:
· Due to different pathloss in the 3GPP and 802.11ax evaluation scenarios, the area over which the same pathloss is experienced is 11~12  times larger in the 3GPP scenario resulting in a similar level of contention between UEs as in the simulated 802.11ax scenario.
3 Conclusion

This contribution presented a preliminary investigation of the differences between the 802.11ax enterprise and the 3GPP indoor evaluation scenarios. In terms of coexistence evaluations which depend on a number of nodes contending for the same channel, the evaluations being performed in 3GPP seem to be more than adequate. The differences between the 802.11ax and 3GPP indoor scenario evaluations are not as significant as they appear once the different pathloss models used by the different scenarios are factored in. An important factor to note here is the presence of walls in the 802.11ax scenario and the associated wall penetration loss observed which significantly increases pathloss as compared to the 3GPP indoor evaluation scenario. To summarize, we made the following observations:

· The pathloss for the 802.11ax enterprise scenario results in significantly lower received power levels as compared to the 3GPP indoor evaluation scenario

· The 802.11ax scenario considers walls between offices leading to additional penetration losses whereas the 3GPP scenario does not consider any walls.
· The 3GPP indoor evaluation simulates a greater degree of contention between eNBs as compared to the 802.11ax evaluation scenario.
· The node contentions will increase more rapidly with file arrival rates for 20 MHz channels than for 80 MHz channels.
· Due to different pathloss in the 3GPP and 802.11ax evaluation scenarios, the area over which the same pathloss is experienced is 11~12  times larger in the 3GPP scenario resulting in a similar level of contention between UEs as in the simulated 802.11ax scenario.
Based on the above observations and discussion, we conclude the following:

· Node density is not the single distinguishing factor in determining the level of contention for channel access between nodes. Other factors, such as pathloss models, traffic arrival rates and used bandwidth are important.
· When considering these aspects, the 3GPP indoor single carrier scenario already has similar or greater density (from the radio perspective) than the simulated IEEE 802.11ax scenario.
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Pathloss model�


PL(d) = 40.05 + 20*log10(fc/2.4) + 20*log10(min(d,10)) + (d>10) * 35*log10(d/10) + 7*W


d = max(3D-distance [m], 1)


fc = frequency [GHz]


W = number of office walls traversed� in x-direction plus number of office walls traversed in y-direction





Shadowing


Log-normal with 5 dB standard deviation, iid across all links 
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