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Introduction 
In RAN#82, a WID on Integrated Access and Backhaul for NR (IAB) was approved in [1]. Among the objectives of the work item, RAN4 is tasked to define RF and RRM requirements for both backhaul (BH) and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS).
In RAN4 #92bis and RAN4 #93 there was intensive discussion about IAB-MT ACLR and ACS requirements for FR1 and FR2, and a tentative agreement for FR2 ACS of [23.5] dB was reached. Conversely, IAB-MT ACLR is still under discussion considering a trade-off with minimum output power.
In this contribution we present simulation results for a heterogeneous and homogeneous scenario in FR2, showing the cell-edge UL throughput degradation for different values of ACLR and minimum transmit output power.
[bookmark: _Ref23324367]Discussion
[bookmark: _GoBack]In RAN4#91 it was agreed to analyse two deployment layouts for the IAB network: heterogeneous and homogeneous layout. In this contribution we focus our analysis on the case in which DL time slots are assigned to IAB-DU transmission and MT reception whereas UL time slots are used for MT transmission or DU reception (so called Scenario 1 in [4]).
In this contribution we sweep through several parameters such as donor-to-child distance, ACLR values, IAB-MT minimum transmitted power and finally evaluate the 5%-tile throughput loss of the adjacent channel system.
For the analysis, we adopted the following simulation assumptions:
· UL PC settings:
· PC_max: 33dBm
· UL SNR target: 22dB
· MT minimum output power: -20dBm/-10dBm/0dBm/10dBm
· 10dBm only for homogeneous layout
· IAB child node antenna orientation: 
· Towards donor node for heterogeneous layout
· To optimize coverage for homogeneous layout
· Pathloss model: 
· Minimum pathloss between IAB node and associated serving IAB donor node.
· UMa model for cross-pathloss (IAB – NR) except for co-located NR base station (if any)
· Frequency range: FR2 (30GHz carrier frequency)
· Channel bandwidth: 200MHz
· NR BS adjacent channel specifications:
· ACS: 24dB (Rel-15 spec.)
· ACLR: 28dB (Rel-15 spec.)
· NR UE adjacent channel specification:
· ACS: 23dB (UE Rel-15 spec.)
· ACLR: 17dB (UE Rel-15 spec.)
In the remainder of this contribution, we present system level simulation results showing the impact of adjacent channel interference on NR single network performance for the UL duplex direction.
[bookmark: _Ref16497141][bookmark: _Ref32249079]UL simulation results (IAB  NR) for heterogeneous layout
In this section we present simulation results showing the impact of IAB-MT UL interference to NR UL performance when the IAB network follows a heterogenous deployment scheme. For this analysis, in alignment with [6],we considered three values of MT minimum output power: -20dBm, -10dBm and 0dBm.
Figure 1 shows the 5%-tile NR UL throughput degradation for different values of IAB-MT ACLR and donor-to-child distance, for the case of -20dBm minimum output power at IAB-MT. We observe that, in this scenario, we require an IAB-MT ACLR of 20dB to limit to 5% the NR UL throughput loss for cell-edge UEs.
[bookmark: _Ref23337830]Observation 1: 20dB IAB-MT ACLR is required for the case of -20dBm minimum output power at IAB-MT
[image: ]
[bookmark: _Ref15994567]Figure 1. NR UL throughput degradation for different values of MT ACLR and donor-to-child distance 
for -20dBm MT minimum output power
 
Figure 2 shows the 5%-tile NR UL throughput degradation for different values of IAB-MT ACLR and donor-to-child distance, for the case of -10dBm minimum output power at IAB-MT. We observe that, in this scenario, we require a tighter IAB-MT ACLR compared to Figure 1, up to 24dB. The reason for which the required ACLR is tighter in this case is that the number of nodes hitting the minimum power floor is higher compared to the previous scenario. All such nodes will create a larger interference compared to a power-controlled node. For this MT minimum power, the ACLR requirement will be driven by the minimum distance at which operators plan to deploy child nodes from donor nodes.
[bookmark: _Ref23337840]Observation 2: 24dB IAB-MT ACLR is required for the case of -10dBm minimum output power at IAB-MT
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[bookmark: _Ref20818064]Figure 2. NR UL throughput degradation for different values of MT ACLR and donor-to-child distance 
for -10dBm MT minimum output power

[bookmark: _Hlk23257409]Figure 3 shows the 5%-tile NR UL throughput degradation for different values of IAB-MT ACLR and donor-to-child distance, for the case of 0dBm minimum output power at IAB-MT. In this scenario, it is not possible to contain to 5% the UL throughput loss of cell-edge UEs for whichever donor-to-child distance and IAB-MT ACLR, since performance is driven by the limited receiver rejection in adjacent channel (24dB NR BS ACS).
Table 1 shows a summary of simulation results for the ACLR values captured in the ad-hoc meeting notes [9]. The reported 5%-tile throughput degradation values are the worst-case degradation observed among all analysed distances. Minimum output power above 0dBm was not simulated because it was found that in such cases no ACLR value can achieve the 5% degradation criteria since performance is driven by the limited receiver rejection in adjacent channel (24dB NR BS ACS).
Based on Table 1, it seems possible to trade-off ACLR with minimum output power until a certain value of the latter. Notice that, at 0dBm minimum output power, the throughput degradation is excessively high even with 28dB ACLR.
[bookmark: _Ref23255905]Table 1. Summary of simulation results
	IAB-MT ACLR [dB]
	Minimum output power [dBm]
	5%-tile throughput degradation

	20dB
	-20dBm
	5%

	
	-10dBm
	9%

	
	0dBm
	45%

	24dB
	-20dBm
	3%

	
	-10dBm
	5%

	
	0dBm
	32%

	28dB
	-20dBm
	2%

	
	-10dBm
	4%

	
	0dBm
	25%
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[bookmark: _Ref20819539]Figure 3. NR UL throughput degradation for different values of MT ACLR and donor-to-child distance 
for 0dBm MT minimum output power

UL simulation results (IAB  NR) for homogeneous layout
In this section we present simulation results showing the impact of IAB-MT UL interference to NR UL performance when the IAB network follows a homogeneous deployment scheme. For this analysis we considered three values of MT minimum output power for the worst-case (minimum) distance of 40m: -10dBm, 0dBm and 10dBm.
Figure 4 shows that the NR UL 5%-tile throughput degradation is below 5% even for a minimum Tx power of 10dBm for all analysed values of ACLR.
[image: ]
[bookmark: _Ref32248282]Figure 4. NR UL throughput degradation for different values of MT ACLR and minimum transmit power when the shift between the two networks is 40 meters

Based on the results for heterogeneous and homogeneous scenario, we conclude that the required ACLR requirement for adjacent channel co-existence strongly depends on the deployment scenario and minimum output power. Notice however that definition of an excessively relaxed ACLR requirement may create problems with the occupied bandwidth (OBW) regulatory requirement that implicitly imposes an ACLR tighter than ~23dB. Based on these observations, our proposal is to define an ACLR value of 24dB for the IAB-MT transmitter that guarantees negligible impact to the UL of an NR network operating in adjacent channel and for a non-excessively tight minimum output power of -10dBm (correspondent to 14dBm EIRP assuming a 16x8 antenna array).
[bookmark: _Ref23337858]Proposal 1: define 24dB IAB-MT ACLR requirement in FR2
As showed in the analysis, based on the deployment scenario and channel conditions to other network nodes, the proposed ACLR requirement shall be coupled with a proper minimum output power. This would ensure not only limited interference to an adjacent channel system but also proper operation of the backhaul link itself. For example, under the considered assumptions, we would need a minimum output power of -10dBm at 24dB ACLR. It is clear, however, that the exact minimum power value strongly depends on the considered scenario, and that it is sufficient to guarantee that the dynamic range of the IAB-MT transmitter is large enough to achieve the required minimum power. Further considerations on the IAB-MT transmitter dynamic range can be found in our companion contribution [11].
[bookmark: _Ref32425913]Observation 3: ACLR requirement shall be coupled with proper minimum output power to guarantee appropriate functioning of the IAB system
[bookmark: _Ref32425888]Observation 4: Necessary minimum output power depends on the target deployment scenario and shall be guaranteed by the dynamic range of the IAB-MT transmitter
Conclusions
In this contribution we presented an analysis on the impact to network performance when an NR network and an IAB network operate in adjacent frequency channels, based on the simulation assumptions agreed in [4] for FR2.
We analyzed the degradation of NR UL network performance when subject to adjacent channel interference and made the following observations and proposals: 
Observation 1: 20dB IAB-MT ACLR is required for the case of -20dBm minimum output power at IAB-MT
Observation 2: 24dB IAB-MT ACLR is required for the case of -10dBm minimum output power at IAB-MT
Proposal 1: define 24dB IAB-MT ACLR requirement in FR2
Observation 3: ACLR requirement shall be coupled with proper minimum output power to guarantee appropriate functioning of the IAB system
Observation 4: Necessary minimum output power depends on the target deployment scenario and shall be guaranteed by the dynamic range of the IAB-MT transmitter
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