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Introduction
The received signal levels for wanted and interfering links in multi-node testing of both throughput and outage have been identified as areas for further study [1].
This contribution presents measured data of the relative signal levels of wanted and potentially interfering traffic in live Wi-Fi networks typical of those in the vicinity of which LAA is likely to be deployed.  It is intended to inform discussion of the appropriate levels at which to set wanted traffic and interfering signals in multi-node testing.
The data presented in this contribution include wanted signals, here referred to as “MyBSS,” as well as potentially interfering co-channel signals, here referred to as “OBSS.”  The following figures are provided to aid in understanding how these measurements relate to the multi-node test description.  Figure 1 identifies the links described in the Technical Report TR 36.789 [2]:
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[bookmark: _Ref465949141]Figure 1: Links Described in TR 36.789

Figure 2 identifies the corresponding links measured in the data presented in this contribution:
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[bookmark: _Ref465951627]Figure 2: Measured Wi-Fi Links

For each set of data, “MyBSS” measurements represent all uplink and downlink traffic corresponding to the multi-node test Link A-C, as observed in the immediate vicinity of AP A (Node A).  Since this data has been obtained from live networks, there are many instances of STA C associated with AP A.  Measurements referred to as “OBSS” represent all downlink traffic corresponding to the multi-node test Link A-B, and all uplink traffic corresponding to the multi-node Link A-D, as observed in the immediate vicinity of AP A (Node A).  There are likewise many instances of STA D associated with AP B and there may be several instances of AP B operating on the same channel and within audible range of AP A.  A red dot marks the approximate location from which measurements have been taken.

Problem Statement
Several proposals were made and various arguments brought forward at RAN4#80bis in October 2016 regarding the appropriate relationship between wanted traffic and interfering signals in multi-node testing.  No agreement was reached and the issue was identified as an item for further study [3].
Qualcomm proposed [4] “fixing the SIR” for wanted traffic links “by simply fixing the ratio between Link A-C (or B-C) and link B-D (or A-D)” such that the wanted traffic link would always be maintained at levels 15dB higher than those of the interfering signal link.  This approach was described as necessary “to have meaningful operating conditions reflecting real operations.”  No data was offered nor was any further argument presented to support the proposed 15dB difference between wanted traffic and potentially interfering signals.
Ericsson likewise proposed [5] that wanted traffic links be set at levels 15dB above those of the interfering links, arguing that “RX levels should be set as long as TRX links (i.e. IEEE 802.11 AP to IEEE802.11 STA and LAA BS to LAA UE) experience reasonable SINR.”  No further justification or evidence was offered to suggest that 15dB would represent a “reasonable SINR” or that the proposal was relevant to the objectives of multi-node testing.
In a similar vein, Huawei’s suggestion [6] that “received wanted signal should be adjusted to make both LAA and Wi-Fi working in the comparable MCS” and that therefore the “SNR” [sic] be fixed at 16dB, “in the range fit for 64QAM,” appears to imply a proposal that multi-node tests be specified with wanted traffic at levels 16dB higher than those of potentially interfering signals.  It remains unclear how relative MCS values or, specifically, “the range fit for 64QAM” has any bearing whatsoever on determining the appropriate relationship between wanted Wi-Fi traffic and potentially interfering LAA signals.
These new assertions that wanted traffic links be maintained at levels significantly above those of potentially interfering links are conspicuous for their absence from all previous discussion.  These most recent proposals are in fact a striking departure from all previous contributions which had either explicitly stated, as in the case of Qualcomm’s contribution [7], or strongly implied, as in the case of Ericsson’s contribution [8], that links representing wanted traffic and potentially interfering signals ought to be tested at the same levels.
In line with previous discussions (and with the data presented here) are the contributions from Nokia [9], which proposed “to use the same signal levels for victim link as would be use for interference signal levels,” and from Broadcom et al. [10], which proposed that “all signal and interfering links are set to the same level.”
It is imperative that this issue be resolved and that the relationship between the levels at which wanted traffic and potentially interfering signals are specified reflect a reasonable assessment of conditions under which LAA will be deployed in the presence of Wi-Fi networks.  A specification that unrealistically minimizes the impact of collisions by artificially maintaining an elevated SINR would render multi-node testing meaningless as an indicator of fair coexistence.
Furthermore, no agreement can be reached on the selection of appropriate test levels in the face of the current ambiguity over whether those levels apply to the wanted traffic, interfering signals, or both.
While the proposals cited above purport to be motivated by an interest in reflecting real world conditions, none have been based on measured data or realistic models.  We offer this contribution as a step towards basing a decision on knowledge of prevailing signal levels in environments where LAA is most likely to be deployed.

Methodology
Data presented here were collected from live customer networks, capturing Wi-Fi packets over the air using wireless diagnostic tools running on a MacBook Pro with a 3 spatial stream 802.11ac transceiver.
One set of data was collected from the indoor office environment of a San Francisco Bay Area enterprise during morning business hours (10am – 11am). The facility covers an area of 430,000 ft2 (37,680 m2) with 2,800 employees and 203 APs.  Five sets of measurements were captured over periods of approximately 15 minutes from diagnostic tools located directly beneath and within 2-3m of ceiling-mounted 802.11ac Wave 1 APs operating on 5GHz 40MHz channels 36+, 44+, 52+, 108+, and 157+.
A second set of data was collected from Levi’s Stadium in Santa Clara, CA during the USA vs. Colombia match of the Copa America Centenario soccer tournament on 3 June 2016.  The stadium has a seating capacity of 68,500 and was 98.5% full with attendance of 67,439.  Three sets of measurements were captured over periods of 10 to 17 minutes at midfield locations on three different levels from diagnostic tools located directly above and within 1m of underseat-mounted 802.11ac Wave 1 APs operating on 5GHz 20MHz channels 157, 161, and 149.
In all cases, captured packets include upstream and downstream data, control, and management traffic.  Because packets were captured in very close proximity to the serving APs, strong downstream MyBSS signals are overrepresented in the data.
In contrast to the previous contribution of CableLabs [11], the data presented here are from highly optimized enterprise-grade networks planned, deployed, and administered by a single entity and relatively isolated from external interference.  These data were measured under highly favorable conditions for Wi-Fi and should not be considered representative of far more challenging public or residential environments.

Data
San Francisco Bay Area Indoor Enterprise
Data were collected under the following conditions:

5GHz 40MHz Channels: 36+, 44+, 52+, 108+, and 157+
Duration: ~15 min on each channel
Noise Floor: -92dBm
Audible OBSSID Count (per channel): 3
Packets Captured:
	MyBSS: 12,839,489
	OBSS: 13,631,534
Total: 26,471,023

Figure 3 summarizes the results:
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[bookmark: _Ref465979611]Figure 3: Indoor Enterprise Measured Signal Levels


Levi’s Stadium
The following data were collected:

5GHz 20MHz Channels: 149, 157, and 161
Duration: 10 – 17 min on each channel
Nosie Floor: -92dBm
Audible OBSSID Count (per channel): 3
Packets Captured:
	MyBSS: 381,277
	OBSS: 1,151,515
Total: 1,532,792

Figure 4 summarizes the results:
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[bookmark: _Ref465979757]Figure 4: High-Density Stadium Measured Signal Levels



Analysis
Overlapping MyBSS and OBSS Signal Levels
These data from active indoor enterprise and dense public venue networks show substantial overlap of signal levels between MyBSS and OBSS traffic, indicating that a significant portion of Wi-Fi traffic is carried at levels at or below other audible co-channel Wi-Fi traffic.  Although the data also show a clear gap between the signal levels strongest MyBSS packets and the median OBSS packets, it should be kept in mind that, because packets were captured in very close proximity to the serving APs, strong downstream MyBSS packets are overrepresented.  It should also be noted that the relationship between wanted MyBSS traffic and potentially interfering OBSS signals varies with signal level.
As illustrated in Figure 5, in the indoor enterprise environment, 50% of MyBSS traffic below -62dBm and 100% of MyBSS traffic at or below -66dBm is carried in the presence of stronger OBSS signals, corresponding <= 0dB SINR in the case of collision.  No MyBSS traffic at or below -59dBm is 15dB or more above potentially interfering OBSS signals. 
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[bookmark: _Ref465980274]Figure 5: Relationship between Wanted Traffic and Interfering Signals (Indoor Enterprise)



As illustrated in Figure 6, in the stadium environment, 30% of MyBSS traffic below -72dBm and 100% of the traffic at or below -75dBm is carried in the presence of stronger OBSS signals, corresponding to <=0dB SINR in the case of collision.  No MyBSS traffic at or below -62dBm is 15dB or more above potentially interfering OBSS signals.
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[bookmark: _Ref465980772]Figure 6: Relationship between Wanted Traffic and Interfering Signals (Stadium)


Substantial Traffic between -62dBm and -82dBm
Huawei [6] and Nokia [9] have recently proposed that test levels between -62dBm and -82dBm should be excluded from the multi-node test plan.  Qualcomm [4] and Ericsson [5] [12] have proposed that levels between -72dBm and -82dBm should be excluded.  As HPE has argued in its previous joint contribution with Broadcom, CableLabs, Cisco, Marvell, and Microsoft [10], we consider it essential that any test of coexistence between LAA and Wi-Fi include at least one test level below the LAA ED of -72dBm and above the nominal Wi-Fi PD of -82dBm.  We have proposed the inclusion of testing at -77dBm as an appropriate level for both wanted traffic and interfering signals.
Our data shows that a substantial proportion of Wi-Fi traffic – both MyBSS and OBSS – is received in this range.  Packets received between -62dBm and -82dBm accounted for 43% of those measured in the indoor enterprise environment and 46% of those measured in the stadium environment. Packets received between -72dBm and -82dBm accounted for 19% of those measured in the indoor enterprise environment and 41% of those measured in the stadium environment.
Given the differences in LAA and Wi-Fi detection mechanisms below -72dBm and the substantial amount of Wi-Fi traffic received in this range, we consider it essential that any meaningful effort to determine whether Wi-Fi will be more adversely affected by LAA transmissions than by other Wi-Fi networks include tests in this range.

MyBSS Deferral to Significantly Weaker OBSS Traffic
Our data show substantial audible OBSS traffic to which MyBSS Wi-Fi devices defer in order to share the medium.  The ratio of MyBSS to OBSS packets is roughly 1:1 in the indoor enterprise environment and 1:3 in the stadium environment.  Interference with OBSS traffic would have a disruptive system-level effect on Wi-Fi by impairing deferral mechanisms and increasing collisions.  The multi-node test plan should therefore consider not only the potential for direct impact of LAA on MyBSS traffic, but also the potential for indirectly disrupting channel access mechanisms among multiple Wi-Fi networks.

Conclusions
Observation 1: It is unrealistic to assume that LAA traffic will always be received by Wi-Fi at levels significantly below those of wanted Wi-Fi traffic.  Failure to specify tests in which potentially interfering signals are received at or above the level of wanted traffic will put a substantial proportion of Wi-Fi traffic at significant risk.
Observation 2: A substantial proportion of Wi-Fi traffic is received at levels between -72dBm and -82dBm.  Given the LAA ED threshold -72dBm, failure to evaluate the impact of LAA on Wi-Fi in this range will put a substantial proportion of Wi-Fi traffic at significant risk.
Observation 3: A substantial proportion of audible Wi-Fi traffic consists of OBSS signals to which MyBSS traffic defers to share the medium.  Failure to consider the system-level impact of interference on these weaker OBSS signals could result in significant disruption of Wi-Fi networks.
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