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1 Introduction
New Study item on Licensed-Assisted Access using LTE (LAA) was agreed in RAN#65 and RAN4 related work started at RAN4#74 [1]. One of the main tasks in RAN4 is on adjacent channel coexistence between LAA and Wi-Fi systems in 5GHz. Based on simulation studies from different companies; the following conclusion was captured during RAN4#74bis in TP to TR36.889 [4]: 

“it can be concluded that LAA and Wi-Fi can coexist in adjacent channels. According to simulation results, LAA causes less adjacent channel interference to a Wi-Fi system compared to another Wi-Fi system. In other words, LAA is a better neighbour than another WiFi system in terms of adjacent channel coexistence with Wi-Fi system.”
In unlicensed bands, there are incumbent systems which have significantly different RF characteristics compared to Rel-8 LTE nodes. Since the conditions of spectrum use will be the same for LTE, it is reasonable to investigate what requirements should apply for LTE devices in unlicensed bands.
In this contribution, we discuss the adjacent channel requirements for LAA devices in 5GHz spectrum and provide some simulation results. 
2 Leakage and selectivity parameters for LAA nodes in unlicensed spectrum
The following table summarizes the leakage and selectivity parameters for LAA nodes and Wi-Fi APs. 

	
	ACLR
	ACS
	ACIR

	LAA
	45
	45
	Wifi to LAA ACIR≈26dB 

	Wifi
	26
	22
	LAA to wifi ACIR ≈22dB
WiFi to wifi ACIR=20.5dB


In terms of transmitter leakage and receiver selectivity performance, LAA nodes are superior compared to Wi-Fi nodes or stations. According to these numbers, Wi-Fi nodes have roughly 19dB higher emission levels compared to LAA, while roughly 23dB lower selectivity compared to LAA. The ACIR value is always dominated by the lowest between the victim RX ACS or the aggressor TX ACLR. In the LAA-WiFi adjacent channel scenario, it is  WiFi that is the the dominating factor in terms of ACIR. 
In the case of WiFi-Wi-Fi co-existence, ACIR is 20.5dB compared to an ACIR of 22dB when LAA is the interfering source. This improvement of ACIR is due to the higher ACLR requirement for LAA compared to WiFi systems. In summary, 
1. When LAA is an interferer, then LAA protects Wifi nodes by emitting at least 19dB less emissions compared to when wifi is the interferer.

2. When LAA is interfered, then LAA protects itself from Wifi interferer by virtue of having very good selectivity, i.e. at least 23dB better selectivity.

Observation-1: The improved performance in terms of ACS and ACLR of LAA compared to WiFi translates on a better co-existence between LAA-WiFi than WiFi-WiFi

Moreover, it can also be seen from the ACIR in the table above that, having much stricter leakage and selectivity specifications do not necessarily enhance the interference performance in the LAA nodes from adjacent channel Wi-Fi devices. Thus, contrary to licensed bands, the relevant RF requirements need to be studied. 

Observation-2: In unlicensed bands, strict selectivity and leakage requirements do not necessarily guarantee protection to and from any other wireless system operating in adjacent channels.  
3 Simulation results between LAA-LAA cases

A new question arises when RF requirements different than Rel-8 is considered for LAA. In case of LAA-LAA coexistence, when there are two operators which are using carriers adjacent to each other, then the adjacent channel coexistence performance is well known, since 20MHz LAA nodes are very similar to 20MHz LTE nodes (for which the coexistence studies have been done in Rel-8 timeframe). In this scenario, the performance in unlicensed and unlicensed bands would be the same. However, for CA with LAA operation may require some considerations compared to traditional LTE nodes since there are other systems than LTE also co-existing with LAA in the same band which have lower performance and dominates the co-existence interference

3.1 Simulation methodology
We use the similar simulation methodology as it is described in [4], the only difference is that, both the victim and interfering nodes are LAA in this case.
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Figure 1 LAA deployment by two operators inside building
We consider three different ACLR and ACS combination, related to LTE Rel-8 requirement, LTE Rel-8 UE requirements and Wi-Fi requirements in 5GHz. 
	ACLR (dBc)
	ACS (dBc)
	Comment

	45
	~45
	This corresponds to the LTE Node minimum requirements

	36
	27
	This corresponds to the LTE UE minimum requirements

	26
	22
	This corresponds to the Wi-Fi minimum requirements


We also consider two different traffic cases from interfering LAA network, i.e. (1) 100% DL, when all LAA nodes in the interfering network is transmitting in DL, and (2) 50% DL, when there is 50% probability for any node to be in UL or in DL in the interfering network.

3.2 Transmission opportunity at LAA network 1 
For three different RF requirement combination and two different traffic combinations from interfering network, we present the ACI curves in Figure 2 seen at the LAA nodes for following 6 cases:
	 
	LAA2 Node
	LAA1 Node
	LAA1 Node <->
LAA2 Node
	LAA2  Node 
DL/UL(%)
	LAA1 Node
DL/UL(%)

	 
	ACLR
	ACS
	ACIR
	
	

	Case-1
	45
	45
	42,0
	100/0
	100/0

	Case-2
	36
	27
	26,5
	100/0
	100/0

	Case-3
	26
	22
	20,5
	100/0
	100/0

	Case-4
	45
	45
	42,0
	50/50
	100/0

	Case-5
	36
	27
	26,5
	50/50
	100/0

	Case-6
	26
	22
	20,5
	50/50
	100/0


In all the simulations, 18dBm transmit power is assumed for all nodes and UEs. This is valid for both operators.

When only one node is active in both operator 1 and 2 networks, then only interference seen at the network 1 node is adjacent channel interference. For the above mentioned 6 cases, we show the ACI curves seen at the nodes of LAA operator caused by operator 2. As mentioned in the table, we use three different ACLR and ACS combinations for these simulations. 
In the deployment scenario considered in these simulations, only one node is active from each operator, thus no CCI is present here. Only a receiver noise figure need to be added with ACI to compare the total received energy at the node. The total received energy can be used to study the LBT thresholds.

It can be observed from Figure 2 that when ACLR is considered as the LTE UE (i.e. 36dB as in pink curve), then almost for all cases, the accumulative interference is below -62dBm/20MHz. When ACLR similar to Wi-Fi systems are considered, then only for a small portion of the cases, the CCA threshold (considered as -62dBm/20MHz in this case) is crossed. 
When the aggressor network has traffic such that a node is either in UL or in DL with 50% probability, then in general the ACI statistics become better. The same conclusion as above is true in this case also. 
Observation-3: ACLR and ACS for LAA nodes can be relaxed up to a level (in this case, up to LTE UE levels) without harming any transmission opportunity. 
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Figure 2 ACI seen at the network node when single node is active per operator
3.3 Interference statistics at the UE receiver

In this section, we present simulation results for the case when only one single node is active per operator and when DL ACI statistics is investigated. We use following 6 cases for evaluations:

	 
	LAA2 Node
	LAA1 UE
	LAA1 Node <->
LAA2 Node
	LAA2  Node 
DL/UL(%)
	LAA1 Node
DL/UL(%)

	 
	ACLR
	ACS
	ACIR
	
	

	Case-1
	45
	27
	26,9
	100/0
	100/0

	Case-2
	36
	27
	26,5
	100/0
	100/0

	Case-3
	26
	27
	23,5
	100/0
	100/0

	Case-4
	45
	27
	26,9
	50/50
	100/0

	Case-5
	36
	27
	26,5
	50/50
	100/0

	Case-6
	26
	27
	23,5
	50/50
	100/0


As shown in Figure 3 the interference statistics is seen at DL receiver, i.e. LTE UE. For three different levels of transmitter leakages, the ACI performance is shown. When the leakage parameters are adjusted to a new value, in this case from LTE Rel-8 BS to LTE Rel-8 UE value, then the interference levels is very similar. This is in essence around 9dB higher emissions. Even when the ACLR is adjusted to Wi-Fi levels, still the resulting ACI is quite close to other two cases. 

Observation-4: From DL interference statistics point of view, relaxation of leakage parameters of Rel-8 LTE BS requirements will not cause much impact since ACIR is dominated by the UE ACS. Thus, having stricter RF requirements will not provide any additional protection from adjacent channel interferer in the case of unlicensed bands. 
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Figure 3 ACI statistics at the DL receiver (UEs) when single node is active for each operator
3.4 SINR at the DL receiver

Corresponding SINR statistics for Figure 3 is shown in Figure 4. Since only one node is active from each operator, the SINR is quite high. We have assumed 9dB noise factor at the UE in these calculations. When the UE has a strong desired signal, then the adjacent channel interference is negligent as it is seen from top part of solid curves in Figure 4. In this case, the adjacent channel interference will not impact the DL SINR (around 40% of the cases). However, for other cases, SINR is reduced for very high level of ACI (e.g. green curve when ACLR is similar to Wi-Fi system). It is also observed that, regardless of ACI, the SINR in DL in more than 10dB of SINR for almost all the cases.
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Figure 4 SINR statistics at the DL receiver (UEs) when single node is active for each operator
4 Conclusion

In this contribution, we discussed the impact of different RF parameters on two LAA systems operated in adjacent carriers in indoor scenario. Based on the above investigations, we observe the following:
Observation-1: The improved performance in terms of ACS and ACLR of LAA compared to WiFi translates on a better co-existence between LAA-WiFi than WiFi-WiFi.
Observation-2: In unlicensed bands, strict selectivity and leakage requirements do not necessarily guarantee protection to and from any other wireless system operating in adjacent channels.  
Observation-3: ACLR and ACS for LAA nodes can be relaxed up to a level (in this case, up to LTE UE levels) without harming any transmission opportunity.

Observation-4: From DL interference statistics point of view, relaxation of leakage parameters ofRel-8 LTE requirements will not cause much impact. Which means that, having strict RF requirements will not provide any additional protection from adjacent channel interferer in the case of unlicensed bands.
With the understanding from above observations, we propose the following:
Proposal: Relevant RF requirements considering the applicable requirements for adjacent systems should be studied in WI phase in terms of ACLR and ACS. The exact levels of proper requirements are to be developed during the WI phase.  
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