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Introduction
In Ran #65 a new study item on Licensed-Assisted Access using LTE (LAA) was approved [1]. One of the SI objectives is to “identify and define design targets for coexistence with other unlicensed spectrum deployments”. In this contribution we provide preliminary simulation results for adjacent channel coexistence considering both LAA+LAA and Wi-Fi + LAA scenarios.
Discussion
In RAN4 #74 a way forward on adjacent channel coexistence studies for LAA was approved. The following key points have been agreed:
· Perform static simulations as first priority to evaluate impact of adjacent channel interference (ACI).
· Channel bandwidth for both LAA and Wi-Fi: 20MHz.
· Indoor and outdoor deployment following [2].
· Path loss models following [2].
· Wi-Fi and LAA has equal access opportunities (RAN1 will be responsible to ensure that). 
· LAA is DL only, Wi-Fi has both DL and UL with UL/DL probability being 50%/50%.
In this contribution we focus on static simulation. In other words, the time dynamic behaviour of the Wi-Fi and LAA systems is not captured. Indeed, characterization of the co-channel coexistence including detailed channel access procedures is out of the scope of RAN4 studies. The main goal of the study presented is to isolate and evaluate the impact of adjacent channel leakage in both Wi-Fi + LAA and LAA +Wi-Fi. In particular, the following two goals need to be addressed:
· Wi-Fi + LAA: understand how a network with Wi-Fi + LAA performs compared to a Wi-Fi + Wi-Fi scenarios from adjacent channel interference point of view.
· Evaluate LAA + LAA coexistence in order to understand if current RF requirements are good enough to satisfy coexistence requirements.
In this contribution we focus on the first bullet, i.e. we will mainly evaluate the impact of LAA to Wi-Fi.
From RF point of view, the first goal can be fully analysed considering static simulations. Indeed, one can assume that Wi-Fi and LAA has equal access opportunities and behave in the same way. In this particular case, only ACLR and ACS parameters will determine whether LAA is a better neighbour to Wi-Fi compared to Wi-Fi itself. 
Static simulation has anyway some inherent limitation since it is not able to characterize the channel access dynamic of the two systems. In particular, because of the presence Listen Before Talk (LBT) procedure based on Clear Channel Assessment (CCA), a real characterization of the system behaviour would require a very sophisticated simulation, similar to RAN1 analysis. However RAN4 can give a fist indication on how CCA procedure would be affected by ACI. 

Simulation Assumptions
General Assumptions
In this contribution, we focus on the Indoor scenario only, being the most challenging one in terms of ACI. The following main assumptions are made:
· 2 operators: 
· Wi-Fi + Wi-Fi
· LAA + Wi-Fi
· LAA + LAA
· Two 20MHz channels.
· 4 Access Points (APs) or Base Stations (BSs) per operator.
· 10 UEs per APs or BSs.
· LAA and Wi-Fi nodes have same power equal to 24dBm.
Assumptions related to deployment including minimum distance across nodes are the same as the one in [2].
An example of the layout generated in a snapshot is given in Figure 1 for the case Wi-Fi + LAA.
[image: ]
[bookmark: _Ref416698400]Figure 1. Example of Indoor deployment. Red Markers = Wi-Fi APs; green markers = LAA BSs; blue marker = Wi-Fi STAs; black marker = LAAs UEs. Distance in axis are in meters.

ACLR and ACS parameters
The key RF figures of merit involved in the simulation are ACS and ACLR. For LAA we assume legacy LTE parameters: ACLR = 30dBc for UE and ACLR = 45dBc for BS; ACS = 27dB for UE and ACS=43 dB for BS. In order to evaluate poorer RF performance of LTE BS, we will also evaluate the case ACLR BS = 30dBc.
For Wi-Fi nodes, ACLR and ACS requirements are not defined in IEEE spec. However, equivalent parameters can be derived based on information provided in the specifications [3]. A detailed analysis on how ACLR value can be derived from IEEE transmit mask has been presented in [4]. Following that analysis we will use ACLR = 26.35dBc for Wi-Fi. Regarding ACS, IEEE specification do not include a parameter consistent with ACS definition, however the Adjacent Channel Rejection (ACR) is included as part of the receiver requirements [3]. ACR is defined as a function of the adopted MCS as reported in Table 1.
[bookmark: _Ref415653585]Table 1. Adjacent Channel Rejection and Sensitivity from [3].
	Modulation
	Coding Rate
	Adjacent Channel Rejection (dB)
	Sensitivity (dBm) for 20MHz channels

	BPSK
	 1/2
	16
	–82

	BPSK
	 3/4
	15
	–81

	QPSK
	 1/2
	13
	–79

	QPSK
	 3/4
	11
	–77

	16-QAM
	 1/2
	8
	–74

	16-QAM
	 3/4
	4
	–70

	64-QAM
	 2/3
	0
	–66

	64-QAM
	 3/4
	-1
	–65


  
The ACR is measured considering a signal strength of 3dB above the REFSENS specified in the table. The aggressor signal in the adjacent channel is a conformant OFDM signal unsynchronized with the victim signal. As it can be observed the definition of ACR differs from the ACS one. In particular, the relationship between ACS and ACR can be expressed as ACS = ACR + IM + SNR, or equivalently ACS = ACR+ RefSens- Noise floor. However, because of the different signal level at which the test needs to be performed, and because of the different nature of the aggressor signal between IEEE spec (aggressor is a 20MHz signal) and 3GPP spec (aggressor is a 5MHz signal), it is not trivial to define a univocal relationship. For the above reason, in this contribution we evaluate two different values of ACS, namely 22dB and 28dB. This will allow us to evaluate to extreme cases, in which Wi-Fi has poor rejection performance or very good selectivity performance (even better than LTE UE).  
The summary of ACLR and ACS values adopted in the simulation are reported in Table 2.
[bookmark: _Ref415497487]Table 2. Summary of ACLR and ACS parameters.
	Node Type
	ACLR (dBc)
	ACS (dB)

	LAA UE
	30
	27

	LAA BS
	30,45
	43

	Wi-Fi STA/AP
	26.35
	22, 28




Simulation Methodology
In this section we report the simulation results obtained considering both fixed and dynamic channel assignment. As we can see in the next subsections, channel selection will play an important role in determining the amount of co-channel and adjacent channel interference. 
The general simulation procedure includes the following step:
· For each snapshot 
· Generate layout based on [2].
· Place UEs and STAs randomly in the hotspot.
· Associate UEs and STAs to BSs and APs based on coupling loss.
· For each node allocate the available channels to each AP and BS based on fixed or dynamic channel assignment (see next sub-sections).
· In case of Wi-Fi decided whether AP or STA is transmitting based on UL/DL probability.
· Record DL geometry, ACI and CCI statistics.
In the next subsections fixed and dynamic channel assignments are described.
Fixed Channel Assignment 
In this case channels are statically allocated to the two operators. Out of the 2 available channels, all nodes from the first operator will use the same channel, say A, and all nodes from the second operator will use the other channel, say B. Note that in this case, transmission from one node will happen without satisfying LBT and CCA constraints. In other words two nodes which are close each other, i.e. within the CCA threshold, can still transmit using the same channel.
The purpose of this kind of simulation is simply to understand the different amount of RF leakage due to Wi-Fi and LAA. As already mentioned, this is strictly related to ACLR and ACS parameters, meaning that technology with better RF requirements will impact the victim system with lower ACI.  
In Figure 2 and Figure 3, the received power distributions at Wi-Fi STAs are plotted considering Wi-Fi DL/UL split 50%/50% and Wi-Fi DL only, respectively. The plots show useful received power, co-channel interference, and adjacent channel interference considering both Wi-Fi + Wi-Fi (blue curves) and LAA + Wi-Fi (red and green curves) deployment. 
[image: ]
[bookmark: _Ref415652888]Figure 2. Rx power distributions at Wi-Fi STAs. Wi-Fi used both DL and UL (50%/50%).

[image: ]
[bookmark: _Ref415652893]Figure 3. Rx power distributions at Wi-Fi STAs. Wi-Fi used DL only. 
As it can be observed the amount of ACI in the case of LAA + Wi-Fi is always lower compared to the Wi-Fi + Wi-Fi case. This is true for two Wi-Fi ACS simulated. This is expected and it is due to the different amount of Adjacent Channel Interference Ratio (ACIR). A summary of the of the simulated ACIR values for the two scenarios under consideration is reported in Table 1. As it can be observed. ACIR for the Wi-Fi + LAA case is always higher than the Wi-Fi + Wi-Fi case for the same ACS value. This is simply due to the better ACLR available for LAA nodes.
Table 3. Simulated ACIR for Wi-Fi + Wi-Fi and Wi-Fi + LAA scenarios.
	Study Case
	Wi-Fi ACS (dB)
	Aggressor ACLR (dBc)
	ACIR (dB)

	BS to STAs
	22
	45
	21.98

	BS to STAs
	28
	45
	27.91

	BS to STAs
	22
	30
	21.36

	BS to STAs
	28
	30
	25.88

	AP/STAs to STAs
	22
	26.35
	20.64

	AP/STAs to STAs
	28
	26.35
	24.09



As it can be observed, the plots are fully consistent with ACIR values listed in the above table. Another observation is related to the difference between the case in which Wi-Fi uses only DL or both UL and DL. Indeed, for the case of DL/UL split, interference from STAs to other STAs or UEs needs to be taken into account. In this particular case, the minimum distance between UEs/STAs and STAs/STAs is 1m, while for the case of Wi-Fi DL only the minimum distance between victim and aggressor is always 3m. However, even for the case of DL/UL split, replacing one Wi-Fi operator with LAA operator brings advantage in terms of the overall adjacent channel interference.

Dynamic Channel Assignment 
In this section we take into consideration a dynamic channel assignment based on the received interference at the transmitting node. Channel assignment is done only at BS and AP nodes. The goal of this analysis is to understand if the Channel Clear Assessment which LAA and Wi-Fi nodes need to perform could change the observations made in the previous section. In particular we use the following procedure:
For each snapshot (10000 snapshots simulated):
· We randomly select one LAA BS or one Wi-Fi AP 
· For each available channel we measured the interference received at the node
· If the interference if below a given threshold (Energy Detection or Preamble detection depending on the particular case), the node select the channel
· This procedure is repeated iteratively for all BSs and APs and for all the available channels (2 channels in this contribution) 
· DL SINR is recorded (for each selected UEs or STAs)
· Throughput is computed based on SINR mapping table
Because in this contribution we are only interested in understanding in the impact of LAA to Wi-Fi, we consider a Wi-Fi + Wi-Fi baseline and then compute the throughput gain/degradation compared to this baseline when one Wi-Fi operator is replaced with LAA operator.
Regarding the SINR to throughput mapping function, we use a scaled version of Shannon limit, as already done in [5]. In particular, based on the information provided in [6], we use the following values for Wi-Fi mapping function:
· Inefficiency compared to Shannon limit: alpha = 0.55
· Min SINR = -2dB
· Max SINR = 23.7dB. This corresponds to peak data rate of 86.7Mbps in 20MHz channel (256QAM, rate ¾)
Finally, regarding the thresholds for channel assignment we consider ED threshold = -62dBm and Preamble detection (PD) threshold =-82dBm.
If dynamic assignment is considered, the amount of co-channel interference is much lower compared to the fixed channel selection case. This is due to the thresholds adopted in selecting the channel. Indeed in such a dense scenario, there is a high probability to have nodes within ED or PD thresholds. Therefore, some of the nodes are not allowed to use same channel used by other nodes located at closed distance. As a consequence, the relative contribution of ACI to SINR is higher compared to the fixed channel selection case, simply because of the lower CCI. Another observation which can be made is the different behaviour when LAA is placed in the system. Wi-Fi will detect LAA at higher threshold (ED threshold) compared to other Wi-Fi nodes, thus allowing a larger channel utilization. For the above mentioned reasons, the overall usage of the medium is expected to be higher for the case of LAA + Wi-Fi. In any case, a trade-off between higher channel utilization and higher amount of interference need to be taken into account, this can be only evaluated through simulations. 
Table 1 summarizes the overall mean system throughput of LAA + Wi-Fi compared to Wi-Fi + Wi-Fi. This value is obtained by averaging the throughput recorded at Wi-Fi stations for each snapshot and comparing the value with the Wi-Fi + Wi-Fi baseline. Therefore, the value in the table includes both the effect of higher channel utilization and better RF parameters for LAA. In particular, these results show that in this dense scenario, the trade-off goes into the direction of allowing higher channel utilization. Of course, this is an extreme case because in each snapshot all nodes have data to transmit. In this particular case, i.e. full buffer transmission, increasing channel usage will have a big impact. In a more realistic scenario in terms of traffic, this effect will be mitigated and the actual gain compared to Wi-Fi + Wi-Fi network will be lower. 
[bookmark: _Ref416708101]Table 4. System throughput gain of LAA + Wi-Fi compared to Wi-Fi + Wi-Fi. 4 APs/BSs per operator. Dynamic channel assignment.
	WiFi ACS
	BS ACLR
	System Throughput gain 
(LAA + Wi-Fi compared to Wi-Fi + Wi-Fi)

	22
	30
	7%

	22
	45
	9%

	28
	30
	14%

	28
	45
	17%



[bookmark: _GoBack]To confirm this trend we also consider a scenario with fixed channel allocation (similar to section 4.1), but allowing only half of the nodes to transmit in a given snapshot. In other words, out of the 4 APs and 4 BSs, only 2 APs and BSs will allow the use the channel. For a given technology, the 2 nodes which can transmit are not adjacent to each other, creating a situation similar to the dynamic selection when two nodes close to each other cannot use the same channel. As in section 4.1, one operator will use channel A and one operator will chose channel B. Results are summarized in Table 5. As it can be observed, trend is very similar to the one already showed in Table 4.
[bookmark: _Ref416708052]Table 5. System throughput gain of LAA + Wi-Fi compared to Wi-Fi + Wi-Fi. 4 APs/BSs per operator. Fixed channel assignment with only half of the nodes allowed to transmit in a given snapshot.
	WiFi ACS
	BS ACLR
	System Throughput gain 
(LAA + Wi-Fi compared to Wi-Fi + Wi-Fi)

	22
	30
	10%

	22
	45
	11%

	28
	30
	12%

	28
	45
	13%



It is worth mentioning that the analysis carried out in this contribution assumes equal sharing of the medium between Wi-Fi and LAA. Indeed the goal of RAN4 is to understand the impact of ACI, therefore only focusing on RF performance. From this point of view, it can be concluded that as far as ACLR and ACR parameters are better than the ones adopted by Wi-Fi, LAA is a better neighbour to Wi-Fi compared to Wi-Fi itself. We will evaluate LAA + LAA coexistence in next RAN4 #75. 
Based on the above simulations results, the following observation can be made:
Observation 1: from a pure RF point of view, LAA is a better neighbour to Wi-Fi compare to Wi-Fi itself.  
  
Conclusion
In this contribution we studied the impact of LAA to Wi-Fi system in terms adjacent channel interference and we made the following observation:
Observation 1: from a pure RF point of view, LAA is a better neighbour to Wi-Fi compare to Wi-Fi itself.   
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