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1. Introduction
In this contribution we discuss and propose simulation assumptions and evaluation methodologies for studying Licensed Assisted Access using LTE (LAA) on unlicensed spectrum. Special focus is hereby given to studying co-existence between LAA and WiFi when LAA and WiFi operate on the same channel (co-channel deployment) in order to ensure fair unlicensed spectrum sharing. 
As defined in the objective of the approved LAA SID [1], LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. These co-existence studies and simulations should validate that LAA co-existence mechanisms (e.g. Listen-Before-Talk, muting etc) ensure fair co-existence between LAA and WiFi on the same channel, which is the worst case from the LAA-WLAN co-existence performance point of view. 
2. General simulation assumptions
For a general view on the overall benefits and performance that a network operator can get from deploying LAA it might be beneficial to simulate: 
· CA between licensed band LTE and unlicensed spectrum/layer LAA
· LAA with large number of channels in unlicensed spectrum
· LAA with a large number of operators (>2) and especially large number of additional Wi-Fi networks/unmanaged WiFi devices 
However, in 3GPP one of the main targets of the simulation studies should be to ensure fair co-existence between different technologies like LAA and WiFi sharing the same unlicensed spectrum, as well as to evaluate the impact of the physical layer changes that arise from the coexistence solutions. Additionally, it might be beneficial to simulate cases where two (or more) different operators with their own LAA deployments share the same unlicensed spectrum in order to ensure good LAA – LAA co-existence and robust performance as well. 

The purpose of LAA-WiFi co-existence studies is to prove that LAA using suitable co-existence mechanisms can be at least as good a neighbor to WiFI network/AP as another WiFi network/AP. Although both WiFi and LAA can support more than one (20 MHz) channel, from the co-existence point of view fully overlapping co-channel deployment scenario of LAA and WiFi is the worst case, which should then be the focus of the co-existence simulations. 
Naturally if there is interest to investigate overall capacity or throughput/data rate performance of either LAA or WiFi, larger number of 20 MHz channels could also be simulated. This, however, is again for understanding overall benefits or performance of LAA (or WiFi) rather than ensuring fair co-existence and for developing good and robust co-existence mechanisms for LAA. Based on the discussions above we propose that: 

Proposal 1: LAA – WiFi co-existence is studied and simulated under worst case assumptions using fully overlapping 20 MHz co-channel deployment in order to develop and later standardize the co-existence mechanisms needed to guarantee fair co-existence between LAA and WiFi. 
Additionally, in order to fully understand co-existence performance and needed mechanism we also propose that in the LAA – WiFI co-existence studies we simulate and compare the performance of LAA and WiFi without additional inter-operator and inter-RAT interference apart from the RAT and operators under investigations. In order to have solid and unbiased WiFi reference performance for the LAA - WiFi co-existence studies, we further need to evaluate the WiFi – WiFi co-existence performance using two separate WiFi networks deployed on the same fully overlapping 20MHz co-channel deployment. Using this WiFi- WiFi deployment case as a reference we are able to ensure LAA (with suitable co-existence mechanisms) does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. Having the performance of these two studies (LAA-WiFi & WiFi-WiFi co-existence) available, we can ensure that LAA impact to WiFi network is not worse than the impact of another WiFi network.
Proposal 2: Simulate co-existence performance of two different WiFi networks using the worst case 20 MHz co-channel performance in order to define WiFi reference performance for investigating LAA impacts on WiFi and ensuring that LAA with suitable co-existence mechanisms does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. 
Although LAA using unlicensed spectrum is able to rely on licensed band LTE operations for meeting QoS requirements even if unlicensed band would be congested, we do not see it necessary to include licensed band operations into the LAA –WiFi worst case co-existence studies and simulations. Aggregated licensed band LTE and unlicensed band LAA performance is only needed for investigating overall benefits of LAA for operators but licensed band LTE operators do not degrade WiFi performance. Instead, if traffic from unlicensed band LAA is occasionally moved to licensed band e.g. for better user experience and QoS performance, it can only ease LAA – WiFi co-existence and thus improve co-existence performance. Therefore, we propose that 
Proposal 3: In the LAA – WiFi co-existence studies only the unlicensed band (co-channel) operations of LAA and WiFi need to be considered. There is no need to also model and simulate the corresponding licensed spectrum overlay through carrier aggregation operation for the co-existence studies as this represents the worst case from the LAA - WiFi co-existence performance point of view as discussed above. 
Detailed simulation scenarios are discussed and proposed in a separate contribution in [2]. 
Next we discuss other simulation modelling assumptions that need to be agreed for LAA – WiFi co-existence studies. We propose that in the co-existence simulations with multiple (two) operators: 
· UEs of one operator can only connect to APs of that operator (even if APs of another operator are closer to that UE). This again represents a worst case situation and performance from the co-existence performance point of view.
· 50%-50% ratio of APs from two different operators in the same simulation area (e.g. in an outdoor small cell cluster with 8 APs, 4 APs are from one operator and 4 APs are from another operator)
It is important to realistically simulate interaction between WiFi and LAA to prove good co-existence between the two RATs (i.e. not enough to model the effect of LAA interference to WiFi and vice versa). E.g. in LTE LAA SDL case it is important to realistically model the WiFi UL interference to both LAA DL and WiFi DL. It is similarly important to realistically model LAA DL interference to WiFi DL and WiFi UL. In order to avoid making the modelling unnecessary complex in the very beginning we propose that 3GPP would first start co-existence studies with LAA DL (i.e. LAA as Supplemental DL) and WiFi. Once the LAA SDL cases are simulated and studied it will be easier to extend the studies to include LAA uplink as well. Also in the SID objectives in [1] it is defined that “High priority should be on the completion of the DL only scenario”. In case of LAA DL and UL operations interference modelling need to include also LAA UL interference to LAA DL, WiFi DL and WiFi UL similarly as in case of WiFi UL. 
Proposal 4: Start LAA – WiFi co-existence simulations using LAA as supplemental DL and simulate interaction between WiFi and LAA with realistic interference and system modelling and interactions between the systems.
 [image: image1.png]Wi-f FI AP1

re \WQL traffic
,ﬁ W\ Fi UE1
ASH \

24 wiFiap2

LAA UE ‘
S B

Wi-Fi UE2





Figure 1. Interference situation of LTE LAA SDL and WiFi co-existence
3. 
Propagation models

To ensure realistic interference conditions modeling for LAA and Wi-Fi co-existence studies, the interference propagation models have to be carefully specified. Figure 1 shows all the interactions between the LAA UE, LAA eNB, Wi-Fi UEs and Wi-Fi APs. At this point, we omit LAA UE uplink transmission as we propose this should not be the focus of the initial studies. 

In our accompanying contribution [2], discussing simulation scenarios for LAA, we propose the reuse of scenarios 2a and 2b [4] specified for small cell studies. Therefore, it feels natural to reuse as well the corresponding propagation models for those scenarios. As discussed and proposed in [2], some changes to the propagation models defined in [4] and [6] are needed in order to take into account the change of carrier frequency from 3.5 to 5 GHz.
On the other side, compared to small-cell propagation models, LAA – WiFi co-existence studies require additional propagation models for UE to UE link and AP to AP link. This device-to-device propagation path differs from AP to UE path e.g. in the following ways:

· UE is typically at lower heights (e.g. in the hand or on the table), e.g. 1.5m height vs. 3m height of indoor AP. Hence there are more obstacles between Tx and Rx (e.g. office furniture, people)

· The path can be almost arbitrary short. Mobiles can be very close to each other, while there is some minimum distance between BS/AP and UE/STA   

Some models exist in 3GPP D2D ProSe work (TR 36.843) [3] that might be used to model interference between WiFi UE and LAA-UE, which in indoor-to-indoor UE case correspond to Indoor Hotspot or Dual Strip models in [6], due to the low height different between indoor APs and UEs. In addition, small cell channel models including indoors are existing as well that may be used to model AP/eNB to UE channels. O2O, O2I and I2I scenarios need to be considered separately, e.g. due to wall penetration losses, as in [3]. 
Similarly, a LAA AP may interfere a WiFi AP. In eIMTA studies [5], a Pico-to-Pico model was used for multi-cell scenarios, which in turn was based on TR 25.942. Indoor scenarios were not considered in eIMTA studies [5], so no specific AP-AP indoor propagations models have been utilized in previous 3GPP studies. However, given the small difference in antenna heights, we propose to reuse the Indoor Hotspot or Dual Strip models in [6]. This is supported by the fact that D2D studies have found these models to be appropriate to model indoor UE-UE propagation. 
In SCE Scenario 2a, links between two indoor UEs would require additional modelling, because we do not know whether two particular indoor UEs are in the same building or in two different buildings. This issue had no effect on the performance in the small cell enhancement studies, as there UE to UE (i.e. cross-link) interference had not been present. RAN1 needs to consider to either (a) apply some adaptations to Scenario 2a modeling or alternatively, (b) only consider outdoor UEs for simplicity. 
Similarly, considering only indoor UEs at least for the first LAA – WiFi co-existence studies in case of Scenario 2b will simplify the LAA simulation efforts and is expected to be sufficient to validate sufficient co-existence mechanisms. Although in practical deployments some of the outdoor UEs close to the wall could be connected to LAA eNB indoors, we see that this simplification would be sufficient at least for the purposes of LAA-WiFi co-existence studies especially as there are also always indoor users, for which the macro cell would provide the best service. 
The proposed propagation models for all links are summarized in Table 1 below.

Table 1: Proposed propagation models for LAA studies

	Tx
	Rx 
	Scenario 2a
	Scenario 2b

	LAA eNB
	LAA UE
	Reuse propagation models for SC:

· Support of Indoor UEs is FFS
· reuse outdoor AP to Outdoor UE models
	Reuse propagation models for SC:

· exclude outdoor UEs

· reuse indoor AP to indoor UE models



	LAA eNB
	Wi-Fi UE
	
	

	Wi-Fi AP
	Wi-Fi UE
	
	

	Wi-Fi AP
	LAA-UE
	
	

	Wi-Fi UE
	Wi-Fi AP
	
	

	Wi-Fi UE
	Wi-Fi UE
	Reuse outdoor-to-outdoor D2D model [3] 

Indoor to Indoor UE model is FFS
	Reuse indoor D2D model [3] 

	Wi-Fi UE
	LAA UE
	
	

	Wi-Fi AP
	Wi-Fi AP
	Reuse Pico-Pico outdoor model used in eIMTA [5], or use regular eNB to UE model also for AP-AP assuming that difference in antenna heights is not significant [6] 
	Use regular eNB to UE model also for AP-AP as difference in antenna heights is not significant [6] 

	LAA eNB
	Wi-Fi AP
	
	

	LAA eNB
	LAA eNB
	
	


4. 
KPIs, traffic models, etc.
Since LTE and WiFi share the unlicensed frequency band, their signals interfere each other. When calculating the signal to noise ratio of one of the technologies, the inter-RAT interference could be considered as additional interference on the whole band where the interfering signal is present, which in this case is the full 20MHz band. Thus, the simplified C/I calculation of either RAT becomes
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where C is the desired signal strength of either WiFi or LTE, ILTE is the interference caused by LTE, and IWiFi the interference caused by WiFi on the corresponding time and frequency over which the C/I is calculated. 
Traffic models should follow those utilized in small cell studies [4], in particular FTP Mode 1 as in TR 36.814, with 0.5Mbytes file size. The user arrival rate λ in the model can be used to vary the offered load in different simulations so that different levels or resource utilization are achieved. The targeted resource utilization in the simulations should be in the range 10% - 50% [4]. Parameter λ should be configured separately for uplink and downlink traffic in order to achieve a realistic proportion of UL/DL traffic.
Given that LTE and WiFi physical layers are substantially different, it is not relevant to compare the throughput measured per 1ms TTI, as this unit is only relevant for LTE. Moreover, considering that we are proposing to use FTP traffic model for the simulations, main KPI for the simulations should be {5%, 50%, 95%} of user throughput (bits/s) calculated as the number of correctly received user (application payload) bits divided by the time taken to transmit the whole FTP packet in seconds, as well as the corresponding mean throughput. 
The user throughputs should be computed for different levels of resource utilization in the range specified above. For sake of simplicity we could use LTE resource utilization as reference when comparing LAA and WiFi performances in the same simulation. KPI should be collected for several levels: per WiFI user/per LTE user/per operator. Another set of KPI could be spectral efficiency (global and technology specific) i.e. total number of successfully received bits globally/by LTE/by WiFi/by operator X divided by the simulation duration in seconds.
The main traffic model assumptions and KIPs for LAA simulations are summarized in Tables 2 and 3 below.
Table 2: Summary of traffic model assumptions for LAA simulations
	Traffic models
	Baseline FTP Model 1 as in TR 36.814
0,5Mbytes file size (2Mbytes file size as optional)

	Arrival rate (λ)
	Independently configured for UL and DL

	Resource utilization
	In the range 10% - 50% (e.g. 10%, 30%, 50%)


Table 3: Summary of KPIs for LAA simulations. KPIs to be computed separately for UL and DL, where applicable
	Throughput per WiFi user
	Mean, {5%, 50%, 95%} of user throughput (bits/s), computed for the whole packet duration, at different levels or resource utilization

	Throughput per LTE user
	Mean, {5%, 50%, 95%} of user throughput (bits/s), computed for the whole packet duration, at different levels or resource utilization

	Aggregated throughput per Operator 
	Mean, {5%, 50%, 95%} of overall throughput per WiFi and LAA operator (bits/s), computed at different levels or resource utilization. For LAA operator, the metric is computed only LAA APs.

	Spectral efficiency per operator
	Number of successfully received bits for each operator, divided by simulation duration time in seconds

	Spectral efficiency for WiFi operators
	Number of successfully received bits for each WiFi operator, divided by simulation duration time in seconds

	Spectral efficiency for LTE operators
	Number of successfully received bits for each LTE operator, divided by simulation duration time in seconds

	Global spectral efficiency
	Total number of successfully received bits, divided by simulation duration time in seconds


5.
Key WiFi and LAA parameters

For the simulation alignment purposes it would be important to agree some main system and feature assumptions both for LAA and WiFi. In this section we discuss what assumptions and parameters need to be modelled and agreed for LAA – WiFi co-existence purposes. As discussed in the previous sections of the contribution, some advanced features and their models are important for the purposes of evaluating overall LAA (or WiFi) performance and potentials from the operator point of view. However, not all these most advanced features are necessary for evaluating LAA – WiFi co-existence performance and for ensuring fair co-existence. 

Although various different new LTE features and performance enhancements like NAICS, DL 256 QAM and MIMO enhancements are important when evaluating potential of LAA for operators, we do not see that these features are necessary for LAA-WiFi co-existence studies where interference and impacts from one system to another are the important factors to carefully model. Therefore, we propose that these advanced LTE features are not used in LAA – WiFi co-existence studies and similar assumptions apply for WiFi simulations as well.  

In Table 3 we list LAA related simulation parameters, which need to be discussed and agreed for LAA – WiFi co-existence studies. In addition to the parameters listed in the table other L1 assumptions e.g. on reference symbols, control channel etc need to be agreed but may vary depending on the proposed LAA schemes and co-existence solutions. 

Table 4: LAA simulation parameters for LAA – WiFi co-existence simulations

	LAA Parameters
	Value to be decided

	Bandwidth
	20 MHz

	Duplex
	DL only or TDD if UL active

	Max LAA UE Tx power
	20 dBm 

	Max LAA eNB power
	20 dBm 

	LAA UE Antenna pattern
	Isotropic

	LAA eNB Antenna pattern
	Isotropic

	CQI
	Enabled

	CQI measurement periodicity
	5 ms

	Receiver
	Rx diversity

	MIMO 
	Optional (not important for co-existence studies)

	Cell selection criteria
	RSRP

	HARQ
	Enabled (Chase combining)

	OLLA
	Enabled

	LAA co-existence solution
	Companies to provide information on selected LAA co-existence solution(s)


In Table 5 we list WiFi related simulation parameters, which need to be discussed and agreed for LAA – WiFi co-existence studies. Although IEEE 802.11ac is the latest WiFi version, from the co-existence study point of view IEEE 802.11n is likely to be sufficient for LAA – WiFi co-existence studies and simulations. In any case, when the focus is to validate that LAA and WiFi share unlicensed band in fair manner and LAA does not impact WiFi more than another WiFi network, the .11ac features like wider bandwidth (up to 160 MHz), more spatial streams or higher order modulation up to 256 QAM or MU-MIMO are not critical on top of what .11n supports. Thus, we see that both .11ac or .11n could be used in the co-existence simulations. 

In WiFi RTS/CTS (Request to Send / Clear to Send) is a mechanism to reduce frame collisions but it seems that currently the feature is not very widely used. It should however be agreed or at least reported in the simulation assumptions whether RTS/CTS in used in the simulations. 
Table 5: WiFi simulation parameters for LAA – WiFi co-existence simulations

	WiFi Parameters
	Value to be decided

	WLAN standard
	IEEE 802.11ac or IEEE 802.11n 

	Bandwidth
	20 MHz

	Number of channels
	1 (All APs/STAs on the same channel)

	Max WiFi STA Tx power
	20 dBm

	Max WiFi AP power
	20 dBm

	WiFi STA Antenna pattern
	Isotropic

	WiFi AP Antenna pattern
	Isotropic

	RTS/CTS
	[Enabled]

	WLAN Scanning
	Enabled. Could be optimal i.e. STAs detect the best AP of own network always.

	minCW
	15

	maxCW
	63

	SIFS
	4 symbols ( 16 us)

	AP AIFSN
	1

	MT AIFSN
	2

	TXOP limit
	2 ms

	Link adaptation
	Simple ACK/NACK based: Error due to collision does not drop MCS

	AP DL MAC scheduling algorithm
	Round Robin

	MPDU/MSDU aggregation
	Enabled

	RLC mode
	Transparent

	CCA (Clear channel assessment) threshold
	If PPDU transmission detected: -82 dBm
If other signal detected: -82 dBm

	Receiver
	Rx diversity


WiFI STA = WiFi mobile terminal
WiFi AP = WiFi access point

RTS/CTS = Request to Send / Clear To Send

MPDU = 802.11 MAC Protocol Data Unit

MSDU = 802.11 MAC Service Data Unit

PPDU = PLCP Protocol Data Unit

PLCP = Physical Layer Convergence Protocol
ACK = Acknowledgement of received data

NACK = Negative acknowledgement

SIFS = Short interframe space
AIFSN = Arbitration inter-frame spacing number
TXOP = Transmission opportunity
CW = Congestion Window
6.
Summary and Proposals
In this contribution we have discussed simulation assumptions and evaluation methodologies for studying Licensed Assisted Access using LTE (LAA) on unlicensed spectrum and especially co-existence between LAA and WiFi when sharing the same unlicensed channel. Based on the discussion we propose the following;

Proposal 1: LAA – WiFi co-existence is studied and simulated under worst case assumptions using fully overlapping 20 MHz co-channel deployment in order to develop and later standardize the co-existence mechanisms needed to guarantee fair co-existence between LAA and WiFi. 

Proposal 2: Simulate co-existence performance of two different WiFi networks using the worst case 20 MHz co-channel performance in order to define WiFi reference performance for investigating LAA impacts on WiFi and ensuring that LAA with suitable co-existence mechanisms does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. 

Proposal 3: In the LAA – WiFi co-existence studies only the unlicensed band (co-channel) operations of LAA and WiFi need to be considered. There is no need to also model and simulate the corresponding licensed spectrum overlay through carrier aggregation operation for the co-existance studies as this represents the worst case from the LAA - WiFi co-existence performance point of view as discussed above. 

Proposal 4: Start LAA – WiFi co-existence simulations using LAA as supplemental DL and simulate interaction between WiFi and LAA with realistic interference and system modelling and interactions between the systems.

We further propose the following simulation assumptions to be adopted:

· Propagation models listed in Table 1
· Traffic models listed in Table 2

· KPIs of Table 3

· LAA system parameters of Table 4

· Wifi assumptions of Table 5  
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