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After RAN1#80, an email discussion [80-04] was conducted to collect all the coexistence evaluation results for the case where LAA with DL-only transmissions in the unlicensed band coexists with a Wi-Fi network which also carries only DL transmissions. Results from many sources were gathered in [1] for both indoor and outdoor scenarios with one and four unlicensed carriers in the unlicensed band. In the same meeting an additional evaluation scenario was added where a DL-only LAA network coexists with a WiFi network carrying both DL and UL traffic. 
The agenda for the RAN1#80bis meeting on LAA calls for listing findings from the initial evaluation results for DL transmission without UL in unlicensed spectrum. In this contribution, we analyze the latest results (starting with results gathered in [1] and results from subsequent evaluations) and list key findings from the evaluation results. 
Discussion on LAA and Wi-Fi with Only DL Transmissions
Key findings from the most challenging scenarios in [1] are discussed in this section. The single carrier scenario was considered as the most challenging and stringent test for the LBT scheme and as a result many more companies simulated the single carrier case as compared to the four carrier case. Similarly, there was a larger focus on the indoor scenario than the outdoor scenario. Considering the above, the findings focus more on the high load points for the single carrier case which are expected to generate the most contention between devices for access to the channel. In the following good coexistence between Wi-Fi and LAA means that the LAA network does not impact a Wi-Fi network more than another Wi-Fi network serving the same traffic to the same users. Good coexistence between two LAA networks means that the two networks exhibit similar performance without significant performance degradation.
Detailed Findings for Indoor Deployments
Key findings from Table 1 in [1] which captured the results for an indoor deployment with one shared unlicensed carrier and FTP traffic are summarized below.
· Six sources evaluated LAA with a category 2 LBT scheme and all the companies showed that LAA with a category 2 LBT scheme coexists well with Wi-Fi.
· Fourteen sources evaluated LAA with a category 3 LBT scheme without the use of the licensed carrier. A majority of the sources showed at least one version of a category 3 LBT scheme which can coexist well with Wi-Fi.
· Twelve sources showed that the mean Wi-Fi operator throughput improved when one of the co-existing operators was replaced by LAA. One source reported a reduction in mean throughput of less than 2% when at least 20% of the offered traffic was not served in both the LAA and Wi-Fi networks.
· Two sources showed a degradation of less than 15 percent only in the 5th percentile throughput for the coexisting Wi-Fi operator at high loads along with improved performance for all other metrics. 
· One source showed a degradation of 38% in 5th percentile throughput for the coexisting Wi-Fi operator at high load when at least 20% of the offered traffic was not served in both the LAA and Wi-Fi networks.
· One source showed a degradation of 98% in 5th percentile throughput for the coexisting Wi-Fi operator at high load when at least 20% of the offered traffic was not served for the Wi-Fi networks. 
· Five sources evaluated LAA with a category 4 LBT scheme with two sources evaluating different variations of their category 4 scheme. 
· All the sources showed good coexistence was possible with at least one version of their category 4 scheme with no degradation in any of the metrics for the high load points for the coexisting Wi-Fi operator.

Key findings from Table 2 which captured the results for two LAA networks coexisting in an indoor deployment with one shared unlicensed carrier and FTP traffic are summarized below.
· Seven sources simulated a category 2 LBT scheme, 10 sources simulated a category 3 scheme and four sources simulated a category 4 scheme. Most of the evaluations showed that two LAA networks can coexist in terms of the two LAA networks having similar performance when the two networks are not synchronized.
· Two sources evaluated both an inter-operator synchronous and an inter-operator asynchronous configuration with a category 2 LBT scheme. Both sources reported a degradation in performance of the two LAA networks when they are synchronized as compared to when they are not synchronized in terms of UPT, delay as well as the ratio of served to offered traffic.  

Key findings from Table 3 which captured the results for an indoor deployment with one shared unlicensed carrier and mixed (FTP and VoIP) traffic are summarized below.
· One source evaluated DL-only LAA with a category 2 scheme and showed good coexistence with no degradation in any of the metrics for the coexisting Wi-Fi operator.
· Four sources evaluated DL-only LAA without the use of the licensed carrier with a category 3 scheme. Allsources showed at least one version of a category 3 scheme that achieved good coexistence with no increase in VoIP outage for a coexisting Wi-Fi operator. 
· Two sources evaluated DL-only LAA with various versions of category 4 LBT schemes. One source showed good coexistence with no degradation in any of the metrics for the coexisting Wi-Fi operator. 

Key findings from Table 4 which captured the results for an indoor deployment with four shared unlicensed carriers and FTP traffic are summarized below.
· Five sources evaluated DL-only LAA with a category 3 scheme without the use of the licensed carrier in LAA
· Three sources showed good coexistence with marginal to no degradation in any of the metrics for the coexisting Wi-Fi operator. One source showed improvements in the throughput of the non-replaced Wi-Fi network along with an increase in only mean delay at high loads, when using a shortened ECCA slot duration of 10 µs.
· One source showed different variations of a category 3 scheme with the best scheme showing improvements in the performance of the non-replaced Wi-Fi network for all metrics, except for an 11% degradation in 5th percentile throughput at high load.
· Two sources evaluated category 4 LBT schemes for the DL-only LAA network without the use of the licensed carrier in LAA. One source showed different variations of a category 4 LBT scheme with the best scheme showing improvements in the performance of the non-replaced Wi-Fi network for all metrics, except for a 7% degradation in 5th percentile throughput at high load. The second source showed improvements in the throughput of the non-replaced Wi-Fi network along with an increase only in mean delay at high loads, when using a LBT scheme based on the Wi-Fi medium access protocol.

Two sources showed results for an indoor deployment with four shared unlicensed carriers and mixed (FTP and VoIP) traffic without the use of the licensed carrier (Table 6 in [1]). 
· One source showed good coexistence with no increase in VoIP outage for a coexisting Wi-Fi operator for a category 3 LBT scheme based on ETSI Option B with a defer period and a mandatory ECCA operation.
· One source evaluated LBT schemes belonging to category 1, 3, and 4, respectively, where the category 3 and 4 LBT schemes employed a shortened ECCA slot duration of 10 µs. The category 3 LBT scheme showed good coexistence with improvements in all performance metrics for the non-replaced Wi-Fi network. The category 4 LBT scheme based on the Wi-Fi medium access protocol showed good coexistence with improvements in all performance metrics for the non-replaced Wi-Fi network at high loads except for a marginal increase in VoIP outage. 

A general observation for the indoor scenarios is as follows: 
· It was observed that LAA networks deploying a category 2 LBT scheme without the use of the licensed carrier generally had a lower mean throughput compared to the non-replaced Wi-Fi network in Step 2 in a majority of cases.

Detailed Findings for Outdoor Scenarios
Key findings from Table 7 which captured the results for an outdoor deployment with one shared unlicensed carrier and FTP traffic are summarized below.
· Two sources simulated a category 1 LBT scheme, i.e., no coexistence mechanism implemented by the transmitting node, and showed poor coexistence with Wi-Fi.
· Five sources simulated a category 2 LBT scheme without the use of the licensed carrier in LAA
· Four sources showed that the mean Wi-Fi operator throughput improved when one of the co-existing operators was replaced by LAA. One source reported a reduction in mean throughput of less than 5% when at least 25% of the offered traffic was not served for both the LAA and Wi-Fi networks.
· One source showed the 5th percentile throughput to be zero when the ratio of served to offered traffic was 76% or less.
· Three sources showed good coexistence with marginal to no degradation in any of the metrics for the coexisting Wi-Fi operator.
· Nine sources simulated a category 3 LBT scheme without the use of the licensed carrier in LAA
· Six sources showed good coexistence with marginal to no degradation in the performance of the non-replaced Wi-Fi network at high loads.
· One source showed the 5th percentile throughput to be zero when the ratio of served to offered traffic was 60% or less.
· One source showed a deterioration of 30% in mean Wi-Fi operator throughput at high loads when the ratio of served to offered traffic was 75% or less for both Wi-Fi and LAA networks.
· One source showed a deterioration of 14% in 5th percentile throughput at high loads when the ratio of served to offered traffic was 70% or less for both Wi-Fi and LAA networks.
· Three sources simulated a category 4 LBT scheme without the use of the licensed carrier in LAA.
· Two sources observed good coexistence with improvements in Wi-Fi performance.
· One source showed the 5th percentile throughput of Wi-Fi to be zero even in Step 1 with Wi-Fi as the aggressor network.

Two sources showed results for an outdoor deployment with one shared unlicensed carrier and mixed (FTP and VoIP) traffic without the use of the licensed carrier (Table 9 in [1]). 
· One source evaluated a category 3 scheme based on ETSI option B with a defer period and mandatory ECCA was used. The results showed good coexistence with no increase in VoIP outage, and no degradation in throughput or latency for a coexisting Wi-Fi operator.
· One source evaluated LBT schemes belonging to category 1, 3, and 4, respectively, where the category 3 and 4 LBT schemes employed a defer period and a shortened ECCA slot duration of 10 µs. The category 4 LBT scheme was based on the Wi-Fi medium access protocol. The category 1 LBT scheme showed poor coexistence. Both the category 3 and category 4 LBT schemes showed good coexistence with improvements in all performance metrics for the non-replaced Wi-Fi network. 

Three sources showed results for an outdoor deployment with four shared unlicensed carriers and FTP traffic without the use of the licensed carrier (Table 10 in [1]). 
· One source evaluated a category 3 scheme based on a modified ETSI option B with a defer period and mandatory ECCA. The results showed good coexistence with no increase in VoIP outage, and no degradation in throughput or latency for a coexisting Wi-Fi operator.
· One source evaluated a category 3 scheme based on ETSI option B, and reported an 80% decrease in 5th percentile throughput at high loads.
· One source evaluated LBT schemes belonging to category 1, 3, and 4, respectively, where the category 3 and 4 LBT schemes employed a defer period and a shortened ECCA slot duration of 10 µs. The category 4 LBT scheme was based on the Wi-Fi medium access protocol. The category 1 LBT scheme showed poor coexistence. Both the category 3 and category 4 LBT schemes showed good coexistence with improvements in all performance metrics for the non-replaced Wi-Fi network. 

Two sources showed results for an outdoor deployment with four shared unlicensed carriers and mixed (FTP and VoIP) traffic without the use of the licensed carrier (Table 12 in [1]). 
· One source evaluated a category 3 scheme based on ETSI option B with a mandatory defer period and mandatory ECCA was used. The results showed good coexistence with no increase in VoIP outage, and no degradation in throughput or latency for a coexisting Wi-Fi operator.
· One source evaluated LBT schemes belonging to category 1, 3, and 4, respectively, where the category 3 and 4 LBT schemes employed a mandatory defer period and a shortened ECCA slot duration of 10 µs. The category 4 LBT scheme was based on the Wi-Fi medium access protocol. The category 1 LBT scheme showed poor coexistence. Both the category 3 and category 4 LBT schemes showed good coexistence with improvements in all performance metrics for the non-replaced Wi-Fi network at high loads. 

Discussion on DL-only LAA Coexisting with DL+UL Wi-Fi
Key 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 2 LBT scheme and showed negligible to no degradation in Wi-Fi performance, although the 5th percentile UL throughput of Wi-Fi operator 1 was zero in both Step 1 and Step 2.
· Five sources evaluated LAA with a category 3 LBT scheme without the use of the licensed carrier. A majority of the sources showed at least one version of a category 3 LBT scheme which can coexist well with Wi-Fi.
· Four sources showed that the Wi-Fi operator throughput and delay performance improved when one of the co-existing operators was replaced by LAA. 
· One source showed a degradation of 12% in 5th percentile UL throughput for the coexisting Wi-Fi operator at high loads.
· One source evaluated LAA with a category 4 LBT scheme based on the Wi-Fi medium access procedure, and generally showed good coexistence apart from a significant increase in 95th percentile DL and UL delay for the Wi-Fi network at high loads.

Key findings from the results for an indoor deployment with one shared unlicensed carrier and mixed (FTP and VoIP) traffic are summarized below.
· Two sources evaluated DL-only LAA without the use of the licensed carrier with a category 3 scheme. Both sources showed good coexistence with one source using an LBT scheme based on ETSI Option B with the addition of defer periods and mandatory ECCA, for both 50/50 and 80/20 DL/UL traffic splits. 

One source showed results for category 2 and category 3 LBT schemes in an outdoor deployment with a single shared unlicensed carrier and FTP traffic without the use of the licensed carrier in the LAA network. Good coexistence was observed with minimal to no degradation in any of the metrics for the coexisting Wi-Fi operator.

General Observations on LBT Schemes

Many LBT schemes were evaluated by the contributing sources across all the scenarios. The schemes evaluated can be summarized as follows.
· Category 2 schemes: The source evaluating category 2 schemes all used an ETSI FBE scheme
· 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 mandatory initial and extended CCA and restricted CCA window
· ETSI Option B without an initial CCA but with a mandatory extended CCA and a slot size of 34 microseconds
· ETSI Option B with slot sizes other than the ETSI Option B ECCA slot size of 20 microseconds
· ETSI Option B with additional idle sensing after the extended CCA countdown up to the next subframe boundary
· ETSI Option B with CTS-to-self and additional idle sensing after the extended CCA countdown up to the next subframe boundary
· ETSI Option B with Wi-Fi preamble transmission
· ETSI Option B with Wi-Fi preamble detection
· ETSI Option B with Wi-Fi preamble transmission and detection
· 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 with slot size, contention windows and exponential backoff based on the Wi-Fi medium access protocol
· ETSI Option B with a mandatory initial and extended CCA, exponential backoff for contention window increase and idle sensing before the next subframe boundary after the ECCA countdown
· ETSI Option B with a mandatory initial and extended CCA, exponential backoff for contention window increase, CTS-to-self and idle sensing before the next subframe boundary after the ECCA countdown
· ETSI Option A
· ETSI Option A with an additional defer period
· ETSI Option A with CTS-to-self, idle sensing before the next subframe boundary after the ECCA countdown, binary exponential backoff and a slot size of 20 microseconds
· ETSI Option A with CTS-to-self, idle sensing before the next subframe boundary after the ECCA countdown, non-binary exponential backoff and a slot size of 120 microseconds
In addition, different energy sensing thresholds were tested.

Based on all the evaluations for various scenarios, the following may be observed.
Observation: All sources showed at least one LBT scheme  for LAA that does not impact Wi-Fi more than another Wi-Fi network (offering the same traffic to the same users)
Observation: An LAA network operating a category 2 DL LBT scheme based on the ETSI FBE procedure does not impact Wi-Fi more than an equivalent Wi-Fi network, but further discussion is needed on the coexistence performance between two LAA networks, especially for the case where the two operators’ networks are synchronized. 
Observation: A majority of sources that evaluated an LAA network operating a category 3 DL LBT scheme based on ETSI Option B with a defer period and a mandatory initial CCA and ECCA operation showed that it does not impact Wi-Fi more than another Wi-Fi network. .
Observation: A majority of sources that evaluated an LAA network operating a category 4 DL LBT scheme showed that it does not impact Wi-Fi more than an equivalent Wi-Fi network. .

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