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Discussion and Decision
1 Introduction

The evaluation efforts for LAA coexistence with Wi-Fi include optional VoIP scenarios which are described in 3GPP TR 36.889 [1].   Coexistence for real time services over Wi-Fi were identified as a key issue for LAA.  Only a few companies have provided evaluation results so far.

In the last year, VoWi-Fi has become a standard feature on smart phones, including iPhones and Android devices, and many operators are deploying or plan to deploy VoWi-Fi, including seamless handoffs to VoLTE.  Hence, coexistence of LAA with VoWi-Fi is a key consideration, including the impact on VoWi-Fi latency.  In this contribution, the results to date on VoWi-Fi and Wi-Fi/LAA coexistence are examined and implications for LBT protocols for LAA are discussed.

Issues concerning video over Wi-Fi also need to be considered in addition to issues regarding VoWi-Fi. However, analysis of video streaming has not been considered yet.  Real time services are particularly important for coexistence analysis and protocol features due to the requirements of achieving minimum bit rates with low/modest delay.  While LAA may steer voice and video conferencing sessions to licensed carriers to avoid any issues of latency being impacted by the availability and usability of unlicensed spectrum resources, users of Wi-Fi are placing more and more real time applications in the unlicensed spectrum.  Hence real time services on Wi-Fi need to be evaluated carefully.
2 Discussion
VoWi-Fi is an important application on Wi-Fi and has seen significant growth in usage recently.  Video over Wi-Fi in the smart home is also growing rapidly in usage and importance.  A number of contributions show that the 5th percentile of Wi-Fi UPT and/or the outage of VoWi-Fi is sensitive to LAA LBT, and that these performance metrics degrade with LAA as an interferer using only the European baseline LBT protocol or that these performance metrics are addressed for fairness using lowered thresholds for LBT

In this contribution, we look at available contributions which consider VoWi-Fi and that have related information regarding the tails of the distribution of UPT for data services.   Together they show that VoWi-Fi and other real time services will play a significant role in protocol design for LAA to achieve fairness with Wi-Fi.

2.1 Results from R1-150989 and R1-150995
R1-150989 [2] by CMCC and R1-150995 [4] by Qualcomm consider only best effort data on Wi-Fi and do not include consideration of real time services.  But they do include UPT results for the 5th percentile for best effort data which has some relevance for real time services since the 5th percentile will be sensitive to coexistence fairness in ways which may not be visible considering only the mean UPT or similar metrics.  Real time services are affected by the tails of the distribution of performance at the 98th percentile of latency, for example, while these contributions look at the tails of the distributions of UPT.

Both contributions show possible issues with coexistence for LAA in the tails of the distribution.  The R1-150989 contribution has the following observation:

“Observation1: Comparing with a WIFI- neighbour, LAA performs as a good neighbour to WIFI in terms of average UPT performance; on the other hand, LAA will degrade the edge user experience of WIFI. “
The R1-150989 contribution uses a LBT model consistent with the European regulatory requirements for LAA.  At the 5th percentile of Wi-Fi UPT, we observe degradations of 20% to 30% when the interference network is LAA instead of Wi-Fi, although the median UPT is about the same.
The R1-150995 contribution shows small degradations on the order of 5% at the 5th percentile for UPT when the interferer is LAA instead of Wi-Fi.  But in the case of contribution R1-150995, LAA uses an LBT ED threshold of -82 dBm instead of the -60 dBm required by European regulations.  This lower threshold makes LAA much more polite to Wi-Fi, and it appears to be a key factor in achieving results which appear to be reasonably fair for the assumptions and models in the evaluation.
Both contributions R1-150989 and R1-150995 show that the 5th percentile of UPT may be vulnerable for coexistence performance unless significant LBT protocol features are included for LAA that go well beyond European regulatory requirements.  Contribution R1-150989 shows a 20% to 30% gap in performance using the baseline requirements suggesting they are inadequate.  Contribution R1-150995 lowers the LBT ED threshold by 22 dB to -82 dBm to achieve results which appear to be about fair although it still shows small degradations.
2.2 Results from R1-151098
Contribution R1-151098 [5] by Intel includes consideration of VoWi-Fi.   Similar to contribution R1-150995, a lowered ED threshold of -82 dBm is used for the LAA network.  Results are presented both with the user data partially steered to a licensed carrier and with the user data entirely steered to the unlicensed carrier as is the situation with Wi-Fi.  We are only looking at the situation with the user data entirely steered to the unlicensed carrier to consider fairness in loading and resource usage.
Looking at the VoWi-Fi outage results in contribution R1-151098, we observe for the indoor case w/o the licensed carrier that the outage is improved when the interferer is LAA instead of Wi-Fi.  However, the differences are modest with the outage reducing from 3.64% to 2.24% in the case of medium loading and with the outage reducing from 4.2% to 3.36% in the case of heavy loading.

These results suggest that LAA LBT needs sensitivity to Wi-Fi transmissions that are well below the European regulatory requirements to be fair to VoWi-Fi.   This can be achieved with Wi-Fi compatible preamble detection and transmission at < -82 dBm or possibly with energy detection.
2.3 Results from R1-151145 and R1-151146
Contribution R1-151146 [7] by Ericsson mixes DL and UL traffic with VoWi-Fi on the reference Wi-Fi network.  In contribution R1-151146, low energy detection thresholds of -82 dBm are also used for LAA as in several other contributions.  In this case, an LAA interference network shows significantly lower VoWi-Fi outage than with Wi-Fi as an interference network.
Contribution R1-151145 [6] by Ericsson evaluates DL only traffic with VoWi-Fi on the reference Wi-Fi network. In contribution R1-151145, energy detection thresholds of -62 dBm are used for LAA as in the baseline model.  In this case, small differences in outage occur between the tests with Wi-Fi as an interference network and LAA as an interference network.
2.4 Results from R1-151078
Contribution R1-151078 [8] by LG considers coexistence for VoWi-Fi.  This evaluation uses an LBT ED threshold of -62 dBm for LAA.   The results show that VoWi-Fi outages have significant differences comparing the cases of an LAA interferer network versus a Wi-Fi interferer network and are improved when LAA is the interferer instead of Wi-Fi.

One consideration in these results is that a single transmit antenna/stream is used for both Wi-Fi and LAA, and 2 antennas are used for the RX for both Wi-Fi and LAA.  When considered, an MMSE RX with interference rejection combined with only single stream desired and interference signals allows for an elevated operating point for frequency reuse and interference and hence the usage of a LBT threshold of -62 dBm appears sufficient.
2.5 Results from R1-151090 and R1-151961
Contributions R1-151090 [3], R1-151961 [10], and R1-151962 [11] by Broadcom include performance evaluation of VoWi-Fi. The results show that VoWi-Fi will be substantially degraded by LAA unless LAA includes Wi-Fi compatible preamble TX and RX for carrier sense and/or uses significantly lower thresholds for LBT ED than the -62 dBm used in the baseline evaluations.  The results also show that LAA should also include an initial defer time and a form of exponential backoff to achieve politeness with WiFi.
3 Proposals

[1] Coexistence features for LAA should consider LBT with TX and RX of preambles compatible with WiFi or energy detection LBT thresholds at levels similar to  WiFi preamble detection of < -82 dBm.
4 Conclusions
A number of contributions show that the 5th percentile of Wi-Fi UPT and/or the outage of VoWi-Fi is sensitive to LAA LBT and that the baseline protocol using European regulatory requirements is not adequate to achieve fairness for VoWi-Fi and edge of cell Wi-Fi data performance.  These contributions also show that lowering the LBT sensitivity for LAA either with Wi-Fi compatible preamble TX and RX or by using ED at lowered thresholds can address this fairness issue.  While these results suggest possible issues and solutions for VoWi-FI fairness, they do not directly address possible fairness issues for video over Wi-Fi.
Besides LBT sensitivity, other areas critical for fairness include an initial defer time for contention and exponential backoff for contention.

VoWi-Fi and other real time services will play a major role in LAA protocol design to achieve fairness with Wi-Fi.
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