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1 Introduction
There were discussions on the energy detection threshold for the UL of enhanced LAA in RAN1#85 and in the subsequent email discussions. In this contribution we present some views and proposals related to this issue.



2 Discussion 
Before discussing particular values of the energy detection (ED) threshold, it is pertinent to consider some aspects that can help provide a broader context for the discussion.
First, a different ED threshold may be desirable for different environments. For instance, in Rel-13 LAA, the ED threshold is allowed to be as high as -52 dBm when it can be guaranteed that the technology is not being shared by another carrier. Similarly, the benefits of reducing the threshold in some environments below the required energy detection threshold have also been discussed. For Rel-13 LAA, since there was no UL transmission, it was enough to leave such setting of the threshold based on environment, band and other factors to the eNB. However, for enhanced LAA where UEs may transmit in unlicensed bands on the uplink, the system will not function appropriately if the UEs that are being scheduled by the eNB use different thresholds on their own without any control by the eNB. Any UE that is capable of using different thresholds will also not know which threshold to use when connecting to a particular cell. Therefore, it is important for the eNB to be able to signal to UEs, the energy detection threshold that they should use when performing UL LBT. The most robust way to do this that provides an adequate level of control to the system, especially when adapting the threshold below the required energy detection threshold, is to be able to signal the energy detection threshold to be used from the eNB via RRC signaling. We therefore propose the following.
Proposal: The energy detection threshold to be used by a UE can be signaled via RRC in the range [-52, -82] dBm in steps of 5 dB.
Second, any required limit on the energy detection threshold must be high enough so that appropriate performance and coexistence can be achieved in all environments. From this perspective, it is important that the threshold is set to the highest value needed among all environments since a system can always use a threshold that is lower than the requirement, but cannot raise the threshold above the required limit if necessary. This was the reason why dropping the threshold from -62 dBm to -72 dBm in a 20 MHz channel generated quite a lot of concern since there can be some environments in which an LAA node that uses a threshold of -72 dBm can be locked out of the channel so that it receives very little throughput [6]. But reducing the threshold was seen as being a worthwhile compromise if various technologies could converge on a common energy detection threshold in the long term. 
Furthermore, the energy detection threshold on the UL should bear some relation to that used on the DL. Evaluations performed have mostly used an energy detection threshold that is the same for both the DL and the UL and the evaluations show that there are no coexistence problems with a threshold of -72 dBm on the UL. The performance of LAA could potentially be improved if the threshold is raised, but considering all performance and coexistence aspects, leaving the threshold at the same value as the downlink can be an acceptable alternative. Notably, the requirement on the energy detection threshold is set to -72 dBm for all nodes in the harmonized standard draft being developed for European regulations. Furthermore, the energy detection threshold even in the current harmonized standard is the same for all devices. 
Finally, in relation to arguments made to lower the threshold based on outdoor measurements that have been cited, it is important to consider the following. First, as indicated above, the ED threshold applies to all environments and since a threshold of -72 dBm is appropriate for some environments, the requirement cannot be lowered based on measurements in other environments. Second, as discussed in [5], the RSSI measurements cited are being grossly misinterpreted so that they do not represent low absolute RSSI values at all. In fact, the absolute RSSI values measured are much higher than the ones reported by the Wi-Fi APs. Third, even if there were some artificially low RSSI networks, having a low serving cell RSSI does not automatically mean that the threshold needs to be lowered as shown by the evaluations in [7]. Therefore, arguments to lower the threshold based on these highly misinterpreted RSSI measurements are not valid. While it is an option to simply not define an energy detection threshold and leave it up to implementations to meet regulatory requirements, this is not the most desirable option. Considering all of the above it is important to adopt the same energy detection threshold regime for the uplink as the downlink which leads to the following proposal.
Proposal: Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.


3 Conclusion
In this contribution, we discussed aspects related to the energy detection threshold to be used for enhanced LAA and arrived at the following proposals.
Proposal: The energy detection threshold to be used by a UE can be signaled via RRC in the range [-52, -82] dBm in steps of 5 dB.

Proposal: Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
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