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1 Industry consensus on the definition of “fair” sharing between Wi-Fi and LAA-LTE will be difficult
There appears to be wide agreement among stakeholders both within and outside 3GPP that Wi-Fi and LAA-LTE systems operating in the 5GHz band should share the band fairly, including when operating in the same 20 MHz channel.
The difficultly with this wide agreement is that there is no corresponding industry-wide agreed definition that can be used to evaluate “fair”  sharing between Wi-Fi and LAA-LTE. Indeed, “fair” sharing is a concept that is often in the eye of the beholder and is very dependent on a multitude of underlying assumptions.
The problem in defining “fair” sharing is partially a result of fairness being a very complex concept that must be evaluated across multiple dimensions. In the context of “fair” sharing between Wi-Fi and LAA-LTE, criteria such as throughput, latency and jitter need to be evaluated, averaged over some time period, in various load scenarios, with additional complexity caused by QoS levels and issues of administrative control.
2 Any industry consensus relating to “fair” sharing requires 3GPP to collaborate with other organisations
The sensitivity of evaluations of “fair” sharing to various assumptions is highlighted by the discussion in Section 5 of this document, which describes three simulations ([3], [4], [5]) evaluating the fairness of a particular sharing mechanism [1]. One of the simulations uses the traffic model described in [9], which was agreed in late 2014 within 3GPP. The two other simulations, from companies more associated with the Wi-Fi industry, use an infinite load traffic model, designed to evaluate sharing behavior in scenarios where the sharing mechanism is most stressed. All the simulations are valid, given their underlying assumptions, but they draw very different conclusions.
These differing conclusions highlight that the assumptions documented in [9] and approved by 3GPP have not been considered or agreed by other important industry stakeholders, including the Wi-Fi Alliance and the IEEE 802.11 Working Group. Not seeking, considering and acting on input from these important stakeholders on the underlying assumptions in [9] will significantly increase the risk of serious opposition to the final LAA-LTE specification and any subsequent regulatory discussions and deployments.
Cisco Recommendation 1: Cisco recommends that 3GPP immediately liaise [9] to relevant stakeholders, including the Wi-Fi Alliance and the IEEE 802.11 Working Group, requesting comments on any aspects relevant to those stakeholders.
3 There may be no need for an agreed definition of “fair” sharing if common access mechanisms are used
The Wi-Fi industry has always avoided any need to define fairness formally in the context of Wi-Fi systems sharing with other Wi-Fi systems by instead implicitly assuming that any systems using the EDCA mechanisms defined in the IEEE 802.11 standard [10] and by the Wi-Fi Alliance in the WMM specification are inherently fair. There are known edge conditions where this is arguably not true, but the Wi-Fi industry has generally recognized the fairness of any such scenarios as broadly acceptable, especially given the alternative of defining a protocol that everyone agrees is fair in every situation is probably impossible.
It was hoped by many industry stakeholders that any need to define fairness in the context of sharing between Wi-Fi and LAA-LTE could also be avoided, in a similar way to how it is it is avoided for sharing between Wi-Fi systems. Doing so would avoid the need to resolve very complex trade-offs for which there may never be any industry-wide consensus solutions. 
4 [bookmark: _Ref410303934]Efforts have started to evaluate sharing various sharing mechanisms proposed to ETSI BRAN
Unfortunately, Wi-Fi and LAA-LTE do not currently use a common media access mechanism that would implicitly result in fair sharing. Indeed, very little is known publicly about the details of the LAA-LTE access mechanism at this time. 
Instead, many industry stakeholders have looked to the various ratified and proposed versions of the European Harmonized Standard,  ETSI 301 893, for a starting point to evaluate various mechanisms as candidates for a mechanism that everyone could agree resulted in acceptable sharing between Wi-Fi and LAA-LTE. ETSI 301 893 is important because it is the basis of compliance regulations for the 5GHz band in Europe.
There was detailed discussion and evaluation of a number of proposals for sharing mechanisms at an ETSI BRAN meeting in the Canary Islands in December 2014. It is expected that future ETSI BRAN meetings will continue this work.
5 [bookmark: _Ref410309337]Early work in ETSI BRAN supports dynamic back off mechanisms being included in LAA-LTE
There seemed to be consensus among most experts at the ETSI BRAN meeting in December 2014 that the mechanism specified in [2] (also known as V1.7.2) was unacceptable as a sharing mechanism.
A submission from some experts [3] asserted that the mechanism specified in [1] (also known as v1.7.1) not only provided a mechanism that leads to fair sharing, but its use by LAA-LTE actually results in better performance for Wi-Fi systems too. Other experts noted that the reported results were unsurprising, but that they were also unrealistic, because they represented a relatively low load use case, whereas high load is important in many reasonable scenarios. Indeed, two independent simulations ([4], [5]) showed that the mechanism specified by [1] often results in Wi-Fi achieving a very small share of the throughput at high load compared to LAA-LTE. Some experts suggested the unfairness occurred because [1] is based on the use of fixed window back off rather than dynamic window back off. 
Two other submissions ([7] [8]) to ETSI BRAN suggested an alternative sharing mechanism incorporating  a form of truncated exponential back-off, similar to that used in Wi-Fi. The suggested truncated exponential back-off mechanism was modified from the Wi-Fi version to account for the lack of an ACK equivalent in LAA-LTE. Preliminary simulations [4] indicated that this mechanism might provide a reasonable basis for acceptable fair sharing across a range of load scenarios. However, there was wide agreement that the mechanism could be improved further.
It was suggested by some experts at the ETSI BRAN meeting that the proposed mechanism showed promise because of its integration of truncated exponential back off, which allowed LAA-LTE to adjust relatively quickly in quickly varying and high load conditions. Truncated exponential back off is just one example of a more general class of mechanisms that incorporate dynamic back off. 
Cisco recommendation 2: Cisco recommends that [9] (clause 7.1) be modified to require any LBT functionality include a dynamic back-off mechanism
6 Alignment of multiple aspects of Wi-Fi and LAA-LTE access mechanisms may promote “fair” sharing
Some experts at the ETSI BRAN meeting in December 2014 noted that the simulated LAA-LTE access mechanism was not aligned with the Wi-Fi access mechanism in a variety of ways in addition to the back off procedure. They suggested that improved alignment between the two access mechanisms would probably also improve perceived fairness of sharing.
Ultimately, the LAA-LTE access mechanism cannot be exactly the same as the Wi-Fi access mechanism because of some underlying differences in the technologies. However, maximizing the similarities between the two systems should help promote an outcome that hopefully all stakeholders can agree is sufficiently fair, or is at least not so unfair as to cause significant objections.
7 Early work in ETSI BRAN supports a deferral scheme similar to Wi-Fi being evaluated for use by LAA-LTE
It was suggested by a number of experts at the ETSI BRAN meeting that LAA-LTE should only start counting down during a back off after a period similar to AIFS in Wi-Fi [10]. AIFS in Wi-Fi is a function of the quality of service access class and typically varies between 25us and 79us.
[11] made a similar suggestion in 3GPP, when it proposed “additional deferring after an occupied channel”, although it did not go as far as suggesting complete alignment with the Wi-Fi mechanism.
Cisco recommendation 3: Cisco recommends that [9] (clause 7.1) be modified to require any LBT functionality include a mechanism similar to AIFS in Wi-Fi [10], unless a reasonable case can be made that its inclusion would harm fair sharing.
8 Early work in ETSI BRAN supports slot timing the same as Wi-Fi being evaluated for use by LAA-LTE
It was also suggested by some experts at the ETSI BRAN meeting that the slot time for energy detection in LAA-LTE should be aligned with the 9us slot time used in Wi-Fi, rather than the 20us period used in at least some of the simulations. Again the purpose of alignment would be to limit any unnecessary differences between the access mechanisms used by LAA-LTE and Wi-Fi and thus minimize new sources of unfairness. 
Cisco recommendation 4: Cisco recommends that [9] (clause 7.1) be modified to require any LBT back off functionality use the same slot timing as Wi-Fi [10], unless a reasonable case can be made that its use would harm fair sharing.
9  Cisco recommends four immediate actions to promote industry consensus and “fair” sharing
Cisco Recommendation 1: Cisco recommends that 3GPP immediately liaise [9] to relevant stakeholders, including the Wi-Fi Alliance and the IEEE 802.11 Working Group, requesting comments on any aspects relevant to those stakeholders.
Cisco recommendation 2: Cisco recommends that [9] (clause 7.1) be modified to require any LBT functionality include a dynamic back-off mechanism
Cisco recommendation 3: Cisco recommends that [9] (clause 7.1) be modified to require any LBT functionality include a mechanism similar to AIFS in Wi-Fi [10], unless a reasonable case can be made that its inclusion would harm fair sharing.
Cisco recommendation 4: Cisco recommends that [9] (clause 7.1) be modified to require any LBT back off functionality use the same slot timing as Wi-Fi [10], unless a reasonable case can be made that its use would harm fair sharing.
Cisco has already started a program to simulate concepts in Cisco recommendations. It is expected that results will be available at the next 3GPP meeting.
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