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Introduction
This contribution contains proposals for some of the important unresolved issues in the LAA – Wi-Fi coexistence tests as summarized in [1].  Specifically, it contains proposals for the following:
1. Signal-to-Interference (SIR) for the “below LAA ED” test
2. Test Cases

Discussion

Signal-to-Interference (SIR) for the “below LAA ED” test
There are the following proposals for the below LAA ED test.
1. AP-STA: -70dBm, AP-eNB: -80dBm, eNB-STA: -80dBm
2. AP-STA: -80dBm, AP-eNB: -80dBm, eNB-STA: -80dBm
If the LAA eNB and the Wi-Fi AP do not backoff to transmissions from each other and transmit in parallel, the first proposal results in an SIR of 10dB while the second proposal results in an SIR of 0dB at the Wi-Fi STA and the LAA UE respectively. 
We request RAN4 to evaluate the proposals from the following perspectives:
1. Which of SIR = 0dB or SIR = 10dB more closely models a deployed Wi-Fi network. Additionally, whether both SIR values represent features of deployed networks that should both be modeled in the coexistence test.
2. Does an LAA ED threshold of -72dBm mean that LAA is required to coexist fairly with other users of the unlicensed spectrum (which may be Wi-Fi or another LAA network or some other technology) only up to a received signal level of -72dBm or does the fairness criteria for unlicensed spectrum require LAA to coexist fairly for all commonly occurring signal levels?

We discuss each of these aspects as below.
SIR level of deployed Wi-Fi networks
It has been shown in multiple contributions presented to different forums such as RAN1 and RAN4 in 3GPP, the WFA and ETSI-BRAN, that a significant proportion of W-Fi links operate at a geometry SIR < 0dB. 
1. Even in the highly optimized “best case” Wi-Fi deployments, such as a single operator large indoor enterprise or a single operator outdoor stadium, data presented to RAN4 in [2] shows the following:
a. Indoor Enterprise: All Wi-Fi links below -57dBm have a geometry SIR < 0dB and this consists of approximately 75% of all Wi-Fi links.
b. Outdoor Stadium: All Wi-Fi links below -70dBm have a geometry SIR < 0dB and this consists of approximately 67% of all Wi-Fi links.
2. Similar observations are made based on Indoor Wi-Fi network data from North American airports presented to the WFA in [3].
3. The above data are obtained from optimized enterprise-grade networks that are planned, deployed and administered by a single entity and are relatively isolated from external interference. The signal levels of the Wi-Fi links and the geometry SIR is expected to be significantly lower for uncoordinated multi-operator environments that are typical of many public Wi-Fi deployments. This is borne out by data presented to RAN4 in [4] which shows that measured outdoor Wi-Fi deployments have a median DL RSSI of -80dBm and a median UL RSSI of -85dBm.
From the above data, it is clear that SIR < 0dB is a very commonly occurring configuration in deployed Wi-Fi networks and that such a configuration occurs almost a 100% for weaker Wi-Fi links. Given this, it is necessary to test LAA/802.11 coexistence under such a configuration. 
1. The proposal with SIR = 0dB intends to perform such a test.   
2. Conversely, the proposal with SIR = 10dB proposes a test that, in the light of the network data presented above, is almost non-existent in deployed Wi-Fi networks i.e. a configuration where the Wi-Fi link is equal or weaker than -70dBm and the geometry SIR is still 10dB. For example, statistically there may not be even a single such link in both the Indoor enterprise and the Outdoor stadium data presented in [2]. If the goal in RAN4 is to define a test scenario that faithfully models commonly occurring scenarios in deployed Wi-Fi networks, we must question ourselves what value is achieved by defining a test at SIR = 10dB, which as observed from the measured network data presented above, seems non-existent or at best a corner case. 
3. However, in the spirit of cooperative standardization, we request the proponents of SIR = 10dB to please provide measured data that shows that SIR = 10dB and not SIR = 0dB is the predominant configuration even for weak Wi-Fi links, say for Wi-Fi links below -70dBm.
4. Please note that the above argument does not suggest that a geometry SIR of 10dB (or even a much higher SIR) does not exist (or is a corner case scenario) in deployed Wi-Fi networks. The data presented above themselves show that the geometry SIR can be high, even as high as 30dB. However, this is shown to happen almost always for strong Wi-Fi links, for example for links > -55dBm for the Indoor enterprise and links > -65dBm for the Outdoor stadium network. 
5. Please also note that an “intermediate” geometry SIR such as SIR = 10dB presents itself as a spatial reuse scenario. If such a scenario occurs, it is sometimes possible for a group of transmitters to decide whether:
a. To backoff and share the channel in a TDM manner with high operating SIR, say SIR = 30dB OR 
b. To not backoff and transmit in a continuous manner with lower operating SIR, say SIR = 10dB. 
· A transmitter employing spatial reuse can be fair to its neighbors only if it is aware of the potential interference at the neighboring victim receivers in the presence of parallel transmissions. So, spatial reuse requires the transmitter to employ various means to estimate the potential interference at the victim receivers (such as by reading control messages from the neighbors or by estimating the RSSI) or by mitigating such interference say by reducing the transmit power. Hence, it is very difficult to employ spatial reuse in a fair manner in uncoordinated mixed technology networks, such as are likely to happen for LAA/802.11 deployments. For example, in the RAN4 test setup which is DL-only or predominantly DL for both LAA and Wi-Fi, it may not be possible for the LAA eNB to estimate the interference at the Wi-Fi STA unless the eNB also reads Wi-Fi messages. 
· It is up to RAN4 to decide if it wants to test LAA/802.11 coexistence in such a spatial reuse scenario. However, this should not be done by abandoning the SIR = 0dB scenario, which as discussed above, is much more predominant in deployed Wi-Fi networks compared to SIR = 10dB. So, if at all, any such test of spatial reuse should be an independent test. Further, spatial reuse has to be tested in a multi-transmitter multi-receiver network that tests the effectiveness of the algorithms deployed for such reuse and not by artificially increasing the SIR in the presence of collisions in a simple 2-transmitter network as is being proposed in RAN4.

The Fairness criteria for coexistence in unlicensed spectrum
In the previous RAN4 meeting (RAN4#82bis, 03-07 April in Spokane, USA) some companies were of the opinion that the choice of ED = -72dBm for LAA means that LAA is required to coexist fairly with other co-channel users, whether Wi-Fi or another LAA network or any other technology, only up to a received signal level of -72dBm and that it can/may be unfair at levels below -72dBm. According to these companies, an ED threshold of -72dBm meant that LAA should not be tested for fair coexistence below -72dBm and even if it is tested for a lower level such a test should have suitably relaxed criteria, for example by not having any pass/fail criteria or by testing at a suitably high geometry SIR.
We request the proponents of this argument to please note the following:
1. To please point out a text, whether in a standard specification or in a regulation that specifies that use of detection threshold(s), whether -72dBm for LAA or -62dBm and -82dBm for Wi-Fi, implies that LAA is required to be fair to co-channel users only up to -72dBm or that Wi-Fi is expected to be fair only up to -62dBm or -82dBm. Absence of such text would mean that the choice of a detection threshold cannot be tied to the requirement of fair coexistence.
2. Additionally, if this were true, it would mean that LAA will render inoperable a very significant proportion of deployed Wi-Fi links. For example, if LAA were unfair to Wi-Fi below -72dBm and always transmitted in parallel, it may render inoperable 76% of the DL Wi-Fi links and 85% of the UL Wi-Fi links in the networks measured in [4]. Even for optimized single operator Wi-Fi networks such as those measured in [2], it may make inoperable 33% of the links in the Indoor enterprise network and 60% of the links in the Outdoor stadium network. Such significant degradation can surely not be the expectation from LAA deployments or be even permitted by regulators.
3. Please also note that if the notion of fair coexistence depended only on the detection threshold as has been claimed by some companies in RAN4, it would have sufficed to only define a detection procedure in the LAA and Wi-Fi specification and there would not have been any additional channel access procedure in either specification. Clearly this is not the case. For example, in case clear channel assessment based on the ED threshold fails to detect neighboring transmissions and causes collisions, the LAA specifications provide for reducing the probability of subsequent collisions and hence increase fair coexistence via the Contention Window adaptation based on HARQ feedback. The specification also provides for the eNB to receive a host of metrics, such as the channel occupancy and the RSSI from the LAA UE, which can be used to adapt channel access at the eNB.  There are many submissions presented to RAN2 that provide the motivation and the means to use such a feature. Finally, per the LAA specification, -72dBm is the nominal ED threshold at a transmit power of 23dBm. The specification does not preclude the adaptation of the ED threshold based on measured network characteristics. In fact, the LAA UE specification provides the flexibility to adapt the ED threshold from -52dBm to -85dBm in steps of 1dB. The Wi-Fi specifications too provide for similar channel access procedures. 
If the above are true, it would mean the notion that fair coexistence is required only up to the detection threshold and not below is not valid. It would rather mean that fair coexistence is assumed for all commonly occurring signal profiles in a co-channel network, which is a Wi-Fi network today and may be another LAA network in the future. Also, the choice of the detection thresholds are partial enablers for such coexistence, i.e. the LAA ED threshold at -72dBm or the Wi-Fi ED threshold at -62dBm and the PD threshold at -82dBm have to be taken together with the other procedures for channel access, some of which are described above, to ensure fair coexistence with co-channel technologies across all commonly occurring signal profiles.
Test Cases
In RAN1#82bis, we had proposed the following combination of traffic types for the coexistence tests [5]. 
	Throughput tests

	Scenario
	Traffic in victim link
	Traffic in aggressor link

	1
	Best effort
	Best effort

	2
	Best effort
	Best effort + Voice

	Outage tests

	Scenario
	Traffic in victim link
	Traffic in aggressor link

	3
	Voice
	Voice

	4
	Voice
	Best effort + Voice



With this proposal, the number of tests became the same as what had been proposed in RAN82 by Ericsson, Qualcomm, Huawei, Nokia, ALU, Skyworks, AT&T and Verizon [6]. This was done to allay concerns from these companies regarding increased test execution time due to the inclusion of additional “mixed traffic” tests. 
However, during discussion in RAN4#82bis some companies had taken the stance that their agreement on inclusion of “mixed traffic” tests is conditional on a compromise from other companies on the SIR level. In our view, the selection of SIR and the selection of traffic types are technically independent requirements for the coexistence tests. The SIR criterion is technically related to the pass/fail criteria, or the selection of a tolerance margin, or even the selection of percentile points on which to apply the pass/fail criteria. So, it is possible to propose a technical compromise on these interlinked requirements. On the other hand, the selection of traffic types is related only to the test execution time and is thus independent and orthogonal to the former set of requirements. So, we would request these companies to provide a technical justification for their stance on binding these two independent requirements for the coexistence tests.

Observations and Conclusions
Observation1: The following are observed based on measured Wi-Fi network data from multiple sources: 
a. A geometry SIR < 0dB is a very common configuration in deployed Wi-Fi networks and such a configuration occurs almost a 100% for weaker Wi-Fi links.
b. A geometry SIR>=10dB is non-existent or is at best a corner case for weaker Wi-Fi links in deployed Wi-Fi networks.
c. A geometry SIR >= 10dB occurs only in configurations with strong Wi-Fi links.
Observation2:  A geometry SIR >= 10dB transforms the below ED coexistence test with weak Wi-Fi links into a spatial reuse configuration by artificially increasing the SIR.
Observation3:  Successful and fair spatial reuse requires the transmitter to employ various means to estimate the potential interference at the victim receivers (such as by reading control messages from the neighbours or by estimating the RSSI) or by mitigating such interference say by reducing the transmit power. Hence, it is very difficult to employ spatial reuse in a fair manner in uncoordinated mixed technology networks, such as are likely to happen for LAA/802.11 deployments.
Observation4: If LAA were unfair to Wi-Fi below its nominal ED threshold of -72dBm, it can render inoperable a very significant proportion of links in deployed Wi-Fi networks. For example, it may render inoperable 76% of the DL Wi-Fi links and 85% of the UL Wi-Fi links in the networks measured in [4]. Even for optimized single operator Wi-Fi networks such as those measured in [2], it may make inoperable 33% of the links in the Indoor enterprise network and 60% of the links in the Outdoor stadium network.  
Observation5: The specification of a nominal detection threshold, whether -72dBm for LAA or -62dBm and -82dBm for Wi-Fi, does not imply that LAA is required to be fair to co-channel users only up to -72dBm or that Wi-Fi is expected to be fair only up to -62dBm or -82dBm.
Observation6: The choice of the nominal detection thresholds are partial enablers for fair coexistence i.e. they have to be taken together with the other procedures for channel access, such as contention window adaptation based on (H)ARQ feedback or adaptation of transmission based on channel occupancy and RSSI or the adaptation of the threshold itself, to ensure fair coexistence with co-channel technologies across all commonly occurring signal profiles. 
Observation7: Selection of the geometry SIR and the selection of traffic types are technically independent requirements for the coexistence tests
Proposal1: A geometry SIR = 0dB should be selected for the below ED coexistence test.
Proposal2: It is up to RAN4 to decide if there should be a separate test for spatial reuse with geometry SIR >= 10dB. If this is agreed, spatial reuse has to be tested in a multi-transmitter multi-receiver network that tests the effectiveness of the algorithms deployed for such reuse and not by artificially increasing the SIR in the presence of collisions in a simple 2-transmitter network as is being proposed in the coexistence tests.
Proposal3: The selection of traffic types for coexistence tests should not be tied to the selection of a geometry SIR for the below ED configuration.
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