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[bookmark: _Ref301342314]Introduction
The agenda for the RAN1#81 meeting on LAA calls for listing findings from the initial evaluation results for DL and UL transmissions in unlicensed spectrum. In this contribution, we analyze the latest results summarized in [1] and list some findings from the evaluation results. 
Discussion
Some findings from the results for an indoor deployment with one shared unlicensed carrier and FTP traffic are summarized below.
· One source evaluated LAA with a category 3 LBT scheme on the DL and UL with the UL being scheduled using self-scheduling.  Improvements in all measured performance metrics (24 metrics across UPT, delay, 5th, 50th and 95th percentile and mean values, and low, medium and high loads) were observed for the non-replaced Wi-Fi network. 
· One source evaluated LAA with a category 4 LBT scheme based on the Wi-Fi medium access protocol on the DL, and a category 3 LBT scheme on the UL with a shortened contention window for faster UL channel access. The results showed improvements in all performance metrics measured for the non-replaced Wi-Fi network except for a degradation of less than 10% in two metrics at low load. 
· Three sources evaluated LAA with a category 3 LBT scheme on both the DL and UL. All three sources showed improvements in all 24 performance metrics for the non-replaced Wi-Fi network. 
· One source evaluated LAA with a modified category 4 LBT scheme on the DL, and a category 2 LBT scheme on the UL. The LBT contention window on the DL was doubled if more than half of the UEs scheduled in a DL burst reported NACKs, and reset to the minimum size otherwise. Improvements were observed in all 24 performance metrics for the non-replaced Wi-Fi network.
· One source evaluated LAA with a category 3 LBT scheme on the DL, and a category 2 LBT scheme on the UL. Improvements in all 24 performance metrics was observed for a 50/50 DL/UL traffic split, whereas for a 80/20 DL/UL traffic split, degradations for the non-replaced Wi-Fi operator were observed in 3 out of the 24 metrics for the DL and in 17 of the 24 metrics for the UL with degradations of up to 23% on the DL and 63% on the UL at high loads when more than 50% of the UL traffic was not served in the LAA network.
· Two sources enabled RTS/CTS for the Wi-Fi network in their evaluations and both sources showed improvements in all measured performance metrics for the non-replaced Wi-Fi network.
· LAA sensing thresholds of -62 dBm and -82 dBm were used in the evaluations from the various sources.
· Two sources used a sensing threshold of -82 dBm for LAA and both sources reported an improvement in all measured metrics for the non-replaced Wi-Fi operator. 
· One source used a sensing threshold of -82 dBm for the LAA DL and -62 dBm for the LAA UL and reported in improvement in 22 out of the 24 measured metrics with a degradation of less than 10% in the remaining metrics. 
· Three sources used a sensing threshold of -62 dBm for DL and UL for LAA. Two sources reported an improvement in all measured metrics for the non-replaced Wi-Fi network. One source reported improvements in all 24 performance metrics for a 50/50 DL/UL traffic split, whereas for a 80/20 DL/UL traffic split, degradations for the non-replaced Wi-Fi operator were reported in 3 out of the 24 metrics for the DL and in 17 of the 24 metrics for the UL with degradations of up to 23% on the DL and 63% on the UL at high loads when more than 50% of the UL traffic was not served in the LAA network.

One source showed results for an indoor deployment with one shared unlicensed carrier and mixed (FTP and VoIP) traffic, with evaluations of various combinations of category 4 LBT schemes on the DL and LBT schemes based on all possible categories for the UL, in addition to evaluations of category 3 LBT schemes on both the DL and UL based on ETSI Option B with the addition of defer periods and mandatory ECCA. The category 4 LBT schemes were based on the Wi-Fi medium access protocol. The evaluated UL LBT schemes included self-scheduling and shortened contention windows for faster UL channel access. For all evaluated combinations of LBT schemes, improvements in all measured performance metrics (33 metrics across UPT, delay, 5th, 50th and 95th percentile and mean values, and low, medium and high loads, VoIP outage percentages) were observed for the non-replaced Wi-Fi network. A sensing threshold of -82 dBm was used for LAA.

One source showed results for an outdoor deployment with a single shared unlicensed carrier and FTP traffic with category 3 LBT schemes on both the DL and UL. Improvements in all the measured performance metrics were observed for the non-replaced Wi-Fi network. RTS/CTS was enabled for the Wi-Fi network. RTS/CTS was enabled for the Wi-Fi network in the evaluation. A sensing threshold of -82 dBm was used for LAA.

Two sources evaluated the coexistence of two LAA operators for an indoor deployment with a single shared unlicensed carrier and FTP traffic. 
· One source evaluated two LAA operators coexisting with various combinations of category 4 LBT schemes on the DL and LBT schemes based on categories 2, 3 and 4 for the UL as well as a combination with a category 3 LBT scheme for both the DL and the UL. The category 4 LBT schemes were based on the Wi-Fi medium access protocol. The evaluated UL LBT schemes included self-scheduling and shortened contention windows for faster UL channel access. For all evaluated combinations of LBT schemes, all the measured performance metrics were similar for both operators indicating good coexistence. 
· One source evaluated a category 4 LBT scheme on the DL and a category 2 LBT scheme on the UL, and observed the majority of the performance metrics to be similar for both operators, except for a 5th percentile DL throughput of zero for operator 2 at low loads and discrepancies of up to 45% in 5th percentile UL throughput at low, medium and high loads.

[bookmark: _Ref419999681]General Observations on LBT Schemes
Many LBT schemes were evaluated by the contributing sources across all the scenarios for the DL and the UL. The schemes evaluated can be summarized as follows. Schemes were tested for both DL and UL unless otherwise stated.
· Category 1 scheme: Use of no LBT on the UL when an LBT scheme is used on the DL was evaluated by one source.
· Category 2 schemes: The sources evaluating category 2 schemes all used an ETSI FBE scheme. Category 2 schemes were only used for the UL. 
· Category 3 schemes: The variations of category 3 schemes that were evaluated are summarized below
· ETSI Option B with no changes to any of the parameters
· ETSI Option B with an additional defer period and mandatory initial and extended CCA
· ETSI Option B with an additional defer period and a small contention window for fast UL LBT (used only for UL)
· A category 3 scheme with a single sensing interval of 34 microseconds which may be applied after a random backoff within a 100 microsecond window and use of a restricted CCA window
· Category 4 schemes: The evaluated schemes in this category may be summarized as follows
· An LBT scheme based on the category 4 framework in the working assumption with slot size, contention windows and exponential backoff similar to Wi-Fi and trigger mechanism for contention window increases based on the most recent ACK/NACK.
· An LBT scheme based on the category 4 framework in the working assumption with slot size, contention windows and exponential backoff similar to Wi-Fi and trigger mechanism for contention window increases based on a majority of the ACK/NACKs in the latest DL burst. This was used only for the DL.

Based on all the evaluations for various scenarios, the following may be observed.
Observation: A majority of sources showed combinations of LAA DL and UL LBT schemes that do not impact Wi-Fi more than another Wi-Fi network (offering the same traffic to the same users) in any of the measured performance metrics. Category 3 and 4 were tested for the DL and Categories 1 through 4 were tested for the UL.
Observation: All sources that evaluated an LAA network with a fast UL LBT scheme using a limited contention window size showed that it does not impact Wi-Fi more than another Wi-Fi network in any of the measured performance metrics.

Conclusions
This contribution listed key findings from the coexistence evaluations performed for the case where LAA has both downlink and uplink transmissions. It is proposed to capture the tables in [1] and the findings and observations listed in Section 2 and Section 3 of this contribution in the TR.
Proposal: Capture the tables in [1] and the findings and observations listed in Section 2 and Section 3 of this contribution in the TR.
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