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1	Introduction
ETSI TC BRAN has provided information regarding an agreement reached on the channel access mechanism for the Harmonised Standard EN 303 687 being developed for 6 GHz license-exempt spectrum in Europe [1]. The agreement pertains to the energy detection threshold to be used in such spectrum. This contribution discusses the importance and implications of the agreement in the context of 3GPP’s work in license-exempt spectrum starting with Rel-13. 
2	Discussion
When 3GPP started its work on enabling LTE to operate in license-exempt spectrum in the Rel-13 study item, coexistence with existing technologies, primarily Wi-Fi, was a central consideration. Since the channel access mechanism is the method by which technologies coexist, a significant amount of time was spent on discussions related to the mechanism that would be designed and specified for LTE. Numerous decisions were made on channel access on many key aspects including sensing slot sizes, whether to use or not to use Category 4 LBT with random exponential backoff and whether or not so-called load-based equipment (LBE) rules would be the baseline. On each of these aspects, the general approach was chosen to be as similar to Wi-Fi as possible. Within the variables for channel access, a key parameter, perhaps the most important one, is the energy detection threshold used by a device during sensing.

The key challenge with the decision on energy detection threshold was the fact that IEEE 802.11 devices used two different thresholds, a lower preamble detection threshold of -82 dBm for a 20 MHz channel to defer to Wi-Fi devices and a higher threshold of -62 dBm for all other devices[footnoteRef:1]. After numerous discussions, a threshold of -72 dBm for a 20 MHz channel (-85 dBm/MHz) was chosen as a compromise solution. The potential harmonization of IEEE and 3GPP technologies around this threshold of -72 dBm for future technologies including 802.11ax was discussed at the time. A key consideration in arriving at the compromise was the idea that a 10 dB disadvantage in the short term to accomodate the many Wi-Fi devices already operating in 5 GHz spectrum would be worth the advantage of long term convergence to a single threshold for all technologies. Due to technical, business and market realities, such a convergence has not yet been achieved for 5 GHz license-exempt spectrum. All versions of LTE (LAA, eLAA, feLAA) and now NR have continued to use -72 dBm for a 20 MHz channel while IEEE 802.11ax continues to use the dual threshold mechanism with thresholds at -62/-82 dBm [footnoteRef:2].  [1:  For a 20 MHz channel. Thresholds are decreased by 3 dB for each doubling of the channel bandwidth.]  [2:  LTE and NR use absolute calibrated levels, not levels relative to the noise floor. ] 


[bookmark: _GoBack]Given this background, the agreement made in ETSI TC BRAN is a significant and important milestone for coexistence between different networks and technologies in license-exempt spectrum. ETSI TC BRAN has agreed that all technologies will use a common energy detection threshold of -72 dBm for a 20 MHz channel (for a transmit power of [23 or 24] dBm; the threshold can be increased by up to 10 dB linearly as the power is reduced up to a limit of [-62 or -63] dBm). All thresholds have been agreed to be defined as absolute levels independent of background noise or the presence of other signals. Furthermore, it has been agreed that additional technology-specific detection mechanisms, such as preambles employed by Wi-Fi, may be developed and used by respective standards organizations but are outside the scope of the ETSI harmonized standard. 

This agreement allows all devices operating in license-exempt spectrum in Europe to co-exist on an equal footing thus achieving true technology neutrality. At the same time, technology specific solutions such as the preamble can always be used as long as they operate at levels less than the common ED threshold. The agreement is an important step forward that will result in improved performance due to consistent behaviour regardless of technology with respect to neighboring devices. The achievement of this convergence in ETSI BRAN is a consequence of all of the discussions in 3GPP, ETSI BRAN, the IEEE, the Wi-Fi Alliance and elsewhere over many years and eliminates what was a key remaining point of divergence between 3GPP technologies and IEEE 802.11. It is also a realization of the hope for long term convergence that was part of the compromise made when deciding on a threshold of -72 dBm in Rel-13. Therefore, the agreement in ETSI TC BRAN is a very welcome development that will yield tangible benefits for all users of 6 GHz license-exempt spectrum in Europe and hopefully in other regions as well.
The agreement in ETSI TC BRAN on a common energy detection threshold for all technologies in 6 GHz license-exempt spectrum will result in significant benefits for all users of this spectrum regardless of technology.

In order to maximize performance for all users, fundamentally fair rules that are the same for all devices and technologies, as enabled by the ETSI BRAN agreement, is a necessary condition. Complementing this, we observe that adaptation of the actually used threshold (without exceeding the maximum) depending on the deployment conditions is beneficial for performance. Given that the detection threshold used for deferring to other devices determines the reuse of resources in the system, it is the most fundamental determinant of system performance. Considering the diversity of environments in which Wi-Fi, 3GPP and other technologies are expected to operate in, it is clear that the best value of the energy detection threshold that should be used from a performance perspective will not be the same across all these environments. This has been borne out by evaluations that have been performed as part of the work in 3GPP as well over the years, e.g., for outdoor versus indoor environments. Therefore adapting the energy detection threshold based on the environment can yield further gains for all users regardless of technology. An important aspect to note, which has also been borne out by evaluations, is that the performance of a network can be improved at least in some cases by lowering its energy detection threshold independent of the threshold being used by a coexisting network. Hence, each network optimizing parameters to maximize its own performance can in these cases lead to better overall performance for all users. 
Adaptation of the detection threshold for deferring to other devices below the common maximum energy detection threshold, based on the operating environment, may be beneficial for performance.

It should be noted that in the evolution of the 802.11 family of technologies, the IEEE has come to a similar conclusion at a high level. The ability to raise the preamble detection threshold in IEEE 802.11ax provides the potential for such adaptation. Furthermore, many Wi-Fi deployments in the field have also seen the benefits of raising the preamble detection thresholds in some deployments. Hence, clearly Wi-Fi has the tools to benefit from such adaptation although to truly take advantage of such adaptation, it is better to use a single threshold rather than two thresholds as used by Wi-Fi and to adapt that threshold based on the deployment. 
It is good to note that 3GPP technologies also have the tools to be able to adapt the energy detection threshold. On the uplink the network can configure the energy detection threshold used by UEs within a wide range from -85 dBm to -52 dBm for a 20 MHz channel. On the downlink, the network can vary its energy detection threshold below the maximum specified threshold of -72 dBm by implementation[footnoteRef:3]. Hence, the tools to maximize performance for end users, and improve coexistence are already available and it would be beneficial if devices and network operators took advantage of these tools to get better real world performance. [3:  An energy detection threshold is not part of regulatory requirements in all regions, e.g., in the U.S.A.] 

Both 3GPP and Wi-Fi technologies have the tools to adapt the energy detection threshold below the common maximum energy detection threshold. Use of these tools by devices and networks can benefit all users of license-exempt spectrum.

Conclusion
The information provided by ETSI TC BRAN on an agreement to adopt a common energy detection threshold for all technologies in the 6 GHz band and to not include any technology specific detection mechanisms in the harmonized standard is a significant milestone. It is clear that this agreement will result in significant benefits for all users of 6 GHz license-exempt spectrum in Europe and a fair technology neutral platform for coexistence between devices of all technologies.
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