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Introduction
In previous RAN4 meeting held in Rio de Janeiro (RAN4 #74bis), it was agreed that in terms of Adjacent Channel Coexistence LAA is a better neighbor to Wi-Fi compared to Wi-Fi itself. In this contribution, we present simulation results for LAA to LAA coexistence and show the sensitiveness of coexistence performance to different ACLR values.

Discussion
In RAN4 #74bis several contributions were presented addressing LAA to Wi-Fi coexistence [7][8][9][10][11][12][13]. Although some companies also provided results for the LAA to LAA coexistence case, the main focus of the meeting was on the impact of LAA aggressor to Wi-Fi victim. The conclusions of this study were summarized in a text proposal to TR 36.899 [1]: from ACI point of view LAA is a better neighbour to Wi-Fi compared to Wi-Fi itself. These conclusions were expected because of the better RF performance of UEs and BSs compared to Wi-Fi STAs and APs. In particular, the better ACLR available for LAA nodes makes the amount of adjacent channel leakage lower compared to the one generated by Wi-Fi nodes. 
In this contribution we discuss LAA to LAA coexistence requirements. We will take into account several factors, including the difference between licensed and unlicensed spectrum in terms co-channel and adjacent channel interference. We will also present some preliminary results showing the sensitiveness of SINR to different BS ACLR values.

LAA to LAA coexistence
In this section we provide observations and simulation results considering the LAA to LAA adjacent coexistence scenario. We first give some general considerations about the difference between licensed and unlicensed spectrum and then show simulation results for LAA to LAA coexistence.
Considerations on unlicensed spectrum
During last RAN4 meeting operators raised concerns about a possible relaxation of LAA RF requirements. In our opinion, it is first of all important to clarify the difference between licensed and unlicensed operations. In general, in licensed spectrum the communication reliability is much higher because of the more controlled spectrum management. When we consider a legacy LTE band, operators that use that band has the guarantee that a certain level of requirements are satisfied. For instance, UE and BS transmitting on that band needs to satisfy 3GPP requirements which were determined mainly based on DL and UL coexistence across different UEs and BSs operating in adjacent channels. Of course, coexistence with existing systems operating in adjacent bands were also taken into account. By looking at how the ACLR requirements was derived, it can be noted that the study performed in [4] assumed LTE systems (from same or different operators) operating in adjacent channels. Therefore the ACLR was derived considering the impact of an aggressor LTE system to a victim LTE system. The situation is very different when unlicensed spectrum is taken into account. Indeed, in this case there is no guarantee about the ACLR adopted by other technologies. In other words, other technologies need to satisfy the same regulatory requirements in terms of maximum transmit power, maximum power spectral density, in-band emissions, out of band emissions, but in most of the regional regulations a requirement similar to ACLR is not specified. Indeed, since our goal was to evaluate the impact from LAA to Wi-Fi in RAN4 study, we computed an equivalent ACLR requirement based on IEEE specifications [8]. It is worth noticing that the system with worst ACLR performance will be the bottleneck in terms of ACI. This is indeed what we observed and what we concluded in [1]. In other words, even if LAA has excellent ACLR performance it will be still affected by adjacent interference coming from nodes operating in the same 5GHz band belonging to other technologies and with worse ACLR requirements. Therefore, when looking at LAA performance it is worth considering that imposing a very tight requirement does not guarantee that ACI will be very low.  
Observation 1: when looking at LAA performance in 5GHz unlicensed band, imposing a tight ACLR requirement does not guarantee a very low perceived adjacent channel interference.  

Simulation methodology and assumptions
Keeping in mind the observations made in the previous section, we will know present simulation results for the LAA to LAA coexistence case. The methodology and assumptions are the ones agreed in [6] and described in [8]. 
In this contributions we will consider indoor only deployment (since this is the most challenging case). The baseline layout is made of a total of 8 nodes: 4 LAA nodes from operator A and 4 LAA nodes from operator B. Operators A and B operate on adjacent channels. We will also consider three different configurations in terms of active nodes (as illustrated in Figure 1):
· 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).
[image: ]
[bookmark: _Ref419454778]Figure 1. Illustration of the three active nodes configurations analysed in this contribution. Red Markers = BSs from LAA operator A; green markers = BSs from LAA operator B; blue marker = UEs from LAA operator A; black marker = UEs from LAA operator B. Configurations A, B, C are depicted from left to right, respectively. Distance in axis are expressed in meters.

The simulated UE ACS, ACLR BS and corresponding ACIR are reported in Table 1. 
[bookmark: _Ref419469902]Table 1. Summary of ACLR and ACS parameters analysed in this contribution.
	Study Case
	LAA UE ACS (dB)
	LAA BS ACLR (dBc)
	ACIR (dB)

	BS to UE
	27
	45
	26.93

	BS to UE
	27
	40
	26.79

	BS to UE
	27
	35
	26.36

	BS to UE
	27
	30
	25.24


 
Results will be presented in terms of received powers (useful power, co-channel interference and adjacent channel interference) and SINR measured at the UE, i.e. DL to DL coexistence scenario is taken into account.

Simulation Results
In this section we present received powers and SINR CDFs. The distributions refer to the DL to DL coexistence case, hence all statistics are collected at UE side.
 Configuration A
Figure 2 and Figure 3 show the received powers and SINR distributions at UE side considering configuration A (all nodes are active). 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 super 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. We believe that scenarios B and C are more accurate in representing what could be a realistic operation. Of course, the numbers of active nodes for a given deployment will be determined based on the access mechanism defined by RAN1 (including CCA threshold). In this study we proposed three different configurations in order to accommodate a wide range interference scenarios. 
[image: ]
[bookmark: _Ref419456719]Figure 2. 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.
[image: ]
[bookmark: _Ref419456725]Figure 3. SINR distributions at UEs for configuration A: all nodes from LAA operator A and B are active.

Configuration B
Figure 4 and Figure 5 show the received powers and SINR distributions at UE side considering configuration B (2 nodes per operator are active). Even in this case, the impact on SINR of a reduced ACLR at BS is marginal. Comparing Figure 3 and Figure 5, it can be observed that the impact of ACI is slightly higher in configuration B. This is indeed expected because of the lower co-channel interference due to the lower number of active nodes. In other words, because of the lower CCI the weight of ACI in SINR distribution will be higher.

[image: ]
[bookmark: _Ref419456967]Figure 4. Received power distributions at UEs for configuration B. Half of the nodes from LAA operator A and B are active. Useful received power, co-channel interference (CCI) and adjacent channel interference (ACI) are shown.

[image: ]
[bookmark: _Ref419456970]Figure 5. SINR distributions at UEs for configuration B. Half of the nodes from LAA operator A and B are active. 

Configuration C
In configuration C only one node per operator is active in the same snapshot, therefore in this case co-channel interference is not present. In this case, SINR is very high and the impact of ACI depends strongly depends on the distance between aggressor and victim.  
Figure 6 and Figure 7 show the received powers at UE side considering configuration C: Figure 6 shows the case in which active nodes from operator A and B are adjacent, while in Figure 7 the two active nodes in the system are not adjacent. 
In is worth noticing that in this particular scenario because of the absence of co-channel interference the SINR distribution will be closely related and more sensitive to ACI distributions. 

[image: ]
[bookmark: _Ref419457361]Figure 6. Received power distributions at UEs for configuration C. One node per operator is active: active nodes are adjacent. Useful received power, co-channel interference (CCI) and adjacent channel interference (ACI) are shown.

[image: ]
[bookmark: _Ref419457363]Figure 7. Received power distributions at UEs for configuration C. One node per operator is active: active nodes are not adjacent. Useful received power, co-channel interference (CCI) and adjacent channel interference (ACI) are shown.

Observations
From the SINR distributions analysed in previous sections it can be observed that a possible ACLR relaxation within certain range will have limited impact on SINR and, therefore, on throughput. 
We analysed several configurations of number of active nodes, however it is worth noticing that the actual number of nodes active at the same time depends on the access mechanism specified for LAA. Indeed, some of the scenarios would be not possible because eNodeB would detect a transmitting device within CCA threshold. As already mentioned, this would depend on the access mechanism designed by RAN1. We therefore showed results considering different scenarios which cover a wide range of operating conditions. 
[bookmark: _GoBack]The goal of this contribution is not to propose a specific value, but rather to give the indication that, based on these preliminary results, if needed, a relaxation would be feasible from ACI performance point of view. In this contribution we looked at DL only case, however similar results are expected for UL as far as ACLR is within the same range. Finally, as described in [3], another potential study case would be DL to UL scenario. For this particular case, more detailed information such as frame structure, scheduling, operation across eNodeBs and access scheme, are needed. However, for DL to UL coexistence case, we can foresee a much better level of coordination compared to interaction with a different technology like Wi-Fi, meaning that interference caused by Wi-Fi will likely be the bottleneck.
Based on all the above observations, we can conclude that a relaxation to RF requirements is possible, however further study is needed in the Work Item phase.
Observation 2: from ACI point of view relaxing ACLR is possible with limited impact in throughput performance. Any possible relaxation of RF requirements is however conditioned to further study during Work Item phase.
Of course, if and when a specific number will be proposed, several factors need to be taken into account. First of all, a relaxation will be justified based on specific implementation constraints. In particular, having a transceiver operating in the entire 5GHz spectrum with single filter architecture could impose some design limitation. Another important factor which should be taken into account is the impact on Wi-Fi nodes. In order to avoid negative impact on Wi-Fi performance, any LAA RF requirements relaxation should be such that new requirements are still better compared to Wi-Fi requirements. If this is guaranteed LAA will still introduce lower ACI compared to Wi-Fi network.
Observation 3: any possible RF requirements relaxation for LAA should take into account Wi-Fi RF requirements. As far as LAA ACLR is tighter than Wi-Fi ACLR, LAA will introduce lower adjacent channel interference compared to Wi-Fi system. 
Conclusion
In this contribution we analysed LAA to LAA coexistence considering several factors. We made some considerations about the difference between licensed and unlicensed spectrum in terms of possible interference scenarios. These considerations are summarized in the following observation:
Observation 1: when looking at LAA performance in 5GHz unlicensed band, imposing a tight ACLR requirement does not guarantee a very low perceived adjacent channel interference.  
We also analysed SINR distributions as a function of the BS ACLR in order to understand whether a possible relaxation to ACLR requirement would be feasible without impacting LAA throughput performance. Based on the preliminary simulation results, we made the following observations:
Observation 2: from ACI point of view relaxing ACLR is possible with limited impact in throughput performance. Any possible relaxation of RF requirements is however conditioned to further study during Work Item phase.
Observation 3: any possible RF requirements relaxation for LAA should take into account Wi-Fi RF requirements. As far as LAA ACLR is tighter than Wi-Fi ACLR, LAA will introduce lower adjacent channel interference compared to Wi-Fi system. 
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