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1 Introduction
This contribution contains the simulation assumptions and preliminary conclusion of adjacent channel coexistence study for LAA and LAA in 5GHz. According to approved deployment scenario at RAN1#78bis meeting, this contribution proposed to reuse relevant simulation assumptions from study item [1] and also summarized the relevant parameters assumed to determine the LAA and LAA leakage on adjacent channel. This document also summarizes conclusions from adjacent channel coexistence evaluations in 5GHz
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X. Adjacent channel interference analysis for LAA-LAA to scenario
Depending on LAA deployment mode, different coexistence cases should be taken into account. A summary of the possible coexistence scenarios is summarized in Table 1. 

Table 1. Adjacent Channel Interference scenarios for the case: LAA aggressor and LAA victim.

	Interference scenario
	Aggressor
	Victim
	Key LAA requirement

	UL to UL
	LAA UE
	LAA BS
	UE ACLR, BS ACS

	DL to DL
	LAA BS
	LAA UE
	BS ACLR, UE ACS

	UL to DL
	LAA UE
	LAA UE
	UE ACLR, UE ACS

	DL to UL
	LAA BS
	LAA BS
	BS ACLR, BS ACS


One of the main goal of LAA-LAA coexistence studies is to investigate what are the proper requirements to ensure performance to a target level.

As a general observation, it is worth noticing that in a generic case LAA performance is affected by adjacent interference coming from other LAA nodes and from nodes operating in the same 5GHz band belonging to other technologies and with different ACLR requirements. Therefore, when looking at LAA performance it is worth considering that it is not possible to guarantee that ACI will always be low enough, due to the contribution from other technologies implementing a different ACLR. Thus, when looking at LAA performance in 5GHz unlicensed band, a low perceived adjacent channel interference cannot be guaranteed in case other technologies than LAA are transmitting in the same area.  

X.1 Simulation methodology

Simulation methodology is similar to LAA to Wi-Fi simulations that have been discussed earlier in Section XX.

X.2 Simulation results

X.2.1
LAA-LAA coexistence with Rel-8 legacy requirements

In the first step, investigation of the impact on the performance with legacy parameters is performed. Legacy LTE ACLR and ACS model are adopted. Average and edge throughput losses are shown in table 2 [35]. 

Table 2: Throughput loss for case 1 and case 2

	Case
	Victim ACS [dB]
	Aggressor ACLR [dB]
	Throughput loss(%)

	
	
	
	Average
	Edge

	LAA DL to LAA DL
	27
	45
	1.17%
	1.0%

	LAA UL to LAA UL
	46
	30
	0.4%
	0.01%


By the threshold of 5% throughput loss, it is observed LAA and LAA can coexist when legacy parameters are considered. This is in line with contributions provided by many companies in RAN4, showing a marginal amount of adjacent channel interference when legacy parameters are taken into account.

In the following sections, sensitivity analyses of some of the RF parameters are performed for two different scenarios.

X.2.2 DL-to-DL performance in LAA-LAA scenario

In order to evaluate a wide range of interference scenarios, we take into account three possible configurations in terms of number of simultaneously active nodes, namely configuration A, B, and C:

· Configurations A: 8 nodes are active (4 nodes per operator).

· Configurations B: 4 nodes are active (2 nodes per operator).

· Configurations C: 2 nodes are active (1 nodes per operator).

In the Figure 1 and Figure 2 show the received powers and SINR distributions at UE side considering configuration A. As it can be observed from the SINR CDF the impact of a reduced ACLR at BS is very marginal. It is worth noticing that this configuration represents a highly loaded scenario in which nodes close to each other transmit in the same channel. In this particular case SINR will be dominated by CCI and the impact of ACI will be negligible. It can be observed that scenarios B and C are more accurate in representing what could be a realistic operation. The numbers of active nodes for a given deployment will be determined based on the access mechanism defined by RAN1 (including CCA threshold and LBT mechanism). However, as already mentioned, the three configurations analyzed gives us the flexibility to infer about LAA to LAA ACI coexistence performance in a wide range of network conditions [36]. 
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Figure 1. Received power distributions at UEs for configuration A. All nodes from LAA operator A and B are active. Useful received power, co-channel interference (CCI) and adjacent channel interference (ACI) are shown.
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Figure 2. SINR distributions at UEs for configuration A: all nodes from LAA operator A and B are active.

X.2.3 UL-to-UL performance evaluations in LAA-LAA scenario

Regarding UL-to-UL performance, the source of adjacent channel interference is another UE operating in adjacent channel. In this particular case, the performance results in terms of SINR degradation due to adjacent channel interference is expected to be in line with what is observed in DL-to-DL case in the previous section. Keeping this in mind, proper selectivity requirements for LAA BS need to be investigated in WI phase.

X.2.4
 DL-to-UL performance evaluations

The ACIR values that are used in this section for LAA to LAA coexistence evaluations are shown in table below [35]. 

	Case
	Victim ACS [dB]
	Aggressor ACLR [dB]
	ACIR[dB]

	LAA BS to LAA BS
	46
	In range of [30,45]
	In range of [29.9,42.5]


One of the considerations in the scenario is the power control at the UE. Regarding power control of LAA UL, power control sets are assumed as shown in table 3. Where, PC set 1 is original power of LTE UL in pico cell. New parameters are tried in other PC sets to boost UL power to improve UL performance. Because from figure 1, there is nearly 30dB margin of interference produced by LAA UL compare to Wi-Fi.
Table 3: Power control parameter
	Parameter set
	Gamma
	P0

	Set 1
	0.8
	-76

	Set 2
	0.8
	-71

	Set 3
	0.8
	-66

	Set 4
	0.8
	-56

	Set 5
	0.8
	-46


Figure 3 shows the throughput loss for case of LAA DL to LAA UL with different power control sets shown in table 3. 
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Figure 3 Throughput loss for case of LAA DL to LAA UL

From this figure, it is observed that throughput loss is relevant to ACLR, i.e. to meet 5% throughput loss threshold, ACLR should be no less than certain value. 

However, from these preliminary results, the coexistence of LAA DL to LAA UL is possible, provided that suitable power control parameters and RF requirements are defined. 

X.2.5 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 3 seen at the LAA nodes for following 6 cases [37]:

	 
	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. 

It can be observed from Figure 3 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. 
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Figure 3 ACI seen at the network node when single node is active per operator
X.3 Conclusions from LAA-LAA evaluations

Coexistence analysises have been carried out for the LAA to LAA coexistence scenarios by taking into account different network conditions. Simulations presented in this document showed that:

· Legacy RF requirements guarantee LAA to LAA ACI coexistence. 

· From ACI point of view, ACLR values lower than legacy requirement cause a limited impact in SINR performance (and hence to throughput performance since SINR and throughput are linearly related) in the scenario of DL to DL. 

· From throughput loss point of view ACLR values should be larger than certain value to ensure coexistence for LAA to LAA in the scenario of DL to UL. 

Finally, we observed that since LAA and Wi-Fi are supposed to co-exist in 5GHz spectrum, any possible modification of existing LTE RF requirements should take into account also Wi-Fi RF requirements. 
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