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1	Introduction
Part of the Integrated Access and Backhaul work item is defining the RF requirements needed to guarantee coexistence between IAB-Nodes and legacy networks. In this contribution we provide further simulation results as agreed in RAN4#93 and discuss the receiver blocking of both legacy NR network and IAB-Nodes. Also coexistence requirements for IAB-Nodes are proposed.
2	Discussion
In RAN4#93 it was discussed that layout 1 as agreed in [1] is problematic from blocking performance perspective, as IAB-MT Tx beam is constantly pointing towards the victim legacy NR base station, due to it being co-located with the IAB-parent. Additionally, an IAB-Node cannot be co-located with another IAB-Node or base station operating in the same band, as co-location blocking will have severe performance impact. To confirm these results blocking powers at rel-15 gNB receiver were simulated. The main used simulation parameters have been summarized in Table 1 and results are shown in Figure 1.
Table 1: Main simulation parameters used in the study.
	Parameters

	Duplex mode
	TDD (100% UL or 100% DL)

	Carrier Frequency
	30 GHz

	Beamforming
	Yes

	Simulation bandwidth
	200 MHz

	Number of UEs in the network
	5 UEs/sector

	gNB Tx power 
	33 dBm for macro and micro 

	maximum IAB node Tx power
	33 dBm

	 maximum gNB EIRP
	 57 dBm

	 maximum IAB node EIRP
	 57 dBm

	 gNB antenna height 
	 25m (macro cells); 10m (micro cells)

	IAB node antenna height 
	25m (macro cells); 10m (micro cells) 

	 gNB receiver noise figure
	 10 dB

	IAB node receiver noise figure
	10 dB

	UE Tx power (dBm)
	 22.4 dBm EIRP (13.4 dBm conducted)

	UE noise figure (dB) 
	 10

	Subcarrier spacing
	 120 kHz

	Maximum number of IAB hops to egress node
	 3

	Traffic Model
	 Full buffer

	Transmit Method
	 Rank adaptive SU-MIMO with maximum rank of 2

	CSI Feedback
	 CRI/PMI/RI/CQI, 10ms period, 5ms delay

	Maximum modulation order
	 256QAM
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Figure 1: Blocking power level at fully connected network rel-15 gNB receivers in layout 1
As seen in Figure 1, the blocking power levels observed at the fully connected network receivers go beyond specified rel-15 BS in-blocking levels. As no impact in legacy network is expected, the scenario is problematic. Therefore, simulation efforts were concentrated to layout 2, also agreed in [1].
Firstly, it was confirmed that there are no coexistence issues in layout 2. For this purpose simulations were done with power control range of 13…16 dB and limiting IAB-MT Tx ACLR to 16 dBc using 20m grid shift. The results are summarized in table 2.
Table 2: Coexistence simulation results for layout 2.
	
	Baseline, 2 systems, no IAB-aggressor
	2 systems with IAB-aggressor, 13 dB power control range
	2 systems with IAB-aggressor, 16 dB power control range

	Degradation, mean
	0%
	0.9%
	0.6%

	Degradation, 5%-tile
	0%
	5.7%
	3.4%



As seen from the results, co-existence will not be an issue in layout 2. 
Observation 1: Co-existence performance can be guaranteed in layout 2 with 16 dB power control range and 16 dBc ACLR. 
In addition to co-existence, also blocking power levels were simulated. The CDF of observed blocking power was measured at both IAB-MT receiver and legacy NR BS receiver. The simulations were performed with 40m and maximum grid shift. The resulting CDFs are shown in Figures 2 and 3 and the 99% and 99.9% points have been captured in table 3.
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Figure 2: Blocking power at rel-15 gNB receiver
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Figure 3: Blocking power at IAB-MT receiver
Table 3: 99% and 99.9% blocking power levels in layout 2
	
	gNB receiver, 40 m grid shift
	gNB receiver, max grid shift
	IAB-MT receiver, 40 m grid shift
	IAB-MT receiver, max grid shift

	99% power level
	-70.2 dBm
	-84.0 dBm
	-52 dBm 
	-55 dBm

	99.9% power level
	-57.4 dBm
	-67.0 dBm
	-45 dBm
	-54 dBm



High power levels at rel-15 gNB receiver are rare. However, it can be seen that irrespective of grid shift at IAB-MT receiver over 3% of the observed powers are higher than -60 dBm, and about 10% of observed power levels are higher than -70 dBm. Antenna array gain is not included in the power levels.
Due to beamforming the very highest input levels at rel-15 gNB receiver are extremely rare and there is a major difference in power level between the 99% and 99.9% points. Similarly for IAB-MT receiver there was only a single simulation case where power level was above -50 dBm. We think that here it is reasonable to base the evaluation of blocking impact on 99% point of the CDF.
Proposal 1: The blocking power evaluation is based on 99% point of the CDF.
Observation 2: IAB-MT transmissions do not cause significant degradation to rel-15 gNB receiver performance with the used assumptions.
According to TS 38.104 the blocking power levels in FR2 for different base station classes are based on the declared reference sensitivity level and a fixed offset. The resulting blocking power levels are captured in table 4:




Table 4: In-band blocking power levels in FR2
	BS class
	Maximum in-band blocker level [dBm]
	Minimum in-band blocker level [dBm]

	Wide area
	-63
	-89

	Medium range
	-58
	-84

	Local area
	-53
	-79



Comparing the simulation results and the power range covered by the BS specifications, it can be seen that IAB-MT needs to be able to tolerate higher interferer levels than FR2 BS.
Observation 3: IAB-MT receiver need to be able to tolerate higher interferer levels than rel-15 gNB receiver.
The IAB-MT reference sensitivity requirement has not been agreed yet, and as in-band blocking is likely to be dependent on the sensitivity level, it may be difficult to conclude the complete in-band blocking requirement. In any case, the data suggests that the interferer power level would need to be increased 6 dB. It is illustrated in table 5 how the IAB-MT in-band blocking requirement would look like in case the modification is agreed to be done on top of the current BS requirement.
Table 5: General OTA blocking requirement for IAB-MT
	IAB channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power (dBm)
	OTA interfering signal mean power (dBm)
	OTA interfering signal centre frequency offset
from the lower/upper IAB RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of OTA interfering signal

	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 39 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	NOTE:	EISREFSENS and EISREFSENS_50M are given in clause 10.3.3.



Based on the above, the following additional proposal are made.
Proposal 2: Compared to FR2 base station, IAB-MT in-band interferer power level is increased by 6 dB.
Proposal 3: The details of in-band blocking requirement are confirmed only after the requirement for reference sensitivity is agreed.
Earlier it has been also considered that multiple power classes could be specified for IAB-MT, or some other division of different MT categories could be made given that simulation results e.g. [2, 3] indicated that coexistence can be solved by either improving ACLR or power control. However, these discussions and analyses were based on coexistence evaluations of layout 1. As shown, layout 1 does not seem to be feasible for IAB-Node deployment as the interference towards legacy NR network becomes excessive in form of excessive in-band blocking power. 
It was also shown that similar solution is not required for layout 2, as coexistence issues are not nearly as prevalent as in layout 2. Therefore, it seems no more justified to specify multiple IAB-MT categories as due to the different scenario similar need to trade-off requirements cannot be found.  Based on the simulation results UE ACLR i.e. 17 dBc can be re-used for IAB-MT in FR2 as long as 13 dB power control range is used, equalling minimum power of 20 dBm TRP, when the channel is fully allocated.
[bookmark: _Hlk32395612]Proposal 4: Only single IAB-MT power class or category is specified
Proposal 5: Adopt 17 dBc as IAB-MT ACLR minimum requirement.
Proposal 6: Adopt 20 dBm as minimum output power for IAB-MT with the side condition of channel being fully allocated.

3	Conclusion
In this contribution coexistence and blocking simulation results were provided. Based on the results and related discussion the following observation and proposals were made.
Observation 1: Co-existence performance can be guaranteed in layout 2 with 16 dB power control range and 16 dBc ACLR. 
Observation 2: IAB-MT transmissions do not cause significant degradation to rel-15 gNB receiver performance with the used assumptions.
Observation 3: IAB-MT receiver need to be able to tolerate higher interferer levels than rel-15 gNB receiver.
Proposal 1: The blocking power evaluation is based on 99% point of the CDF.
Proposal 2: Compared to FR2 base station, IAB-MT in-band interferer power level is increased by 6 dB.
Proposal 3: The details of in-band blocking requirement are confirmed only after the requirement for reference sensitivity is agreed.
Proposal 4: Only single IAB-MT power class or category is specified
Proposal 5: Adopt 17 dBc as IAB-MT ACLR minimum requirement.
Proposal 6: Adopt 20 dBm as minimum output power for IAB-MT.
In addition, the text proposal at the end of the document is proposed to be introduced into the IAB TR.
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[bookmark: _Toc25739791]6.2	Simulation assumption 
Detailed structure of the subclause is TBD.
The simulations were performed for two network layouts. Layout 1 was a coordinated layout with co-located base stations as macro layer and IAB-Node micro-nodes at 40 to 60m distance from the macros. Layout 2 was a homogeneous hexagonal micro-layer with grid shifts varying from 20 meters to 40 meters. Layout 1 and Layout 2 are shown in Figures 6,2-1 and 6.2-2.
Using these layouts and parameters it was studied what ACLR and ACS are required for IAB-Nodes so that performance is degraded maximum 5% compared to a scenario where two operators coexist while no IAB-Nodes deployed. Therefore, it was also studied that IAB-Nodes do not cause interference towards legacy networks.
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Figure 6.2-1: Layout 1 with macro and micro layers.
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Figure 6.2-2: Layout 2 with homogeneous hexagonal micro-layer
The parameters agreed for layout 1 are captured in Table 6.2-1 and parameters for layout 2 in Table 6.2-2. Additional common parameters are in Table 6.2-3.


Table 6.2-1: Simulation parameters for layout 1
	Layout
	Both operators with 19 hexagonal macro cell with wrap around and additionally for one of the operators 1 IAB-Node per cell

	Inter-BS distance
	200m for FR2, 500 m for FR1

	Minimum distance between IAB-Nodes
	40m

	Minimum distance between Macro BS and UE
	10m

	Minimum distance between IAB-Node and UE
	10m

	BS antenna configurations
	FR1: (Mg,Ng,M,N,P) = (1,1,8,8,1), (dH,dV)=(0.5,0.8)λ
FR2: (Mg,Ng,M,N,P) = (1,1,8,16,1), (dH,dV)=(0.5,0.5)λ
Note 1,2

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	FR1: 5 dBi (assuming antenna 1.8dB loss)
FR2: 3 dBi (assuming antenna 1.8dB loss)

	BS receiver noise figure
	FR1: 5 dB
FR2: 10 dB

	IAB-Node antenna height
	10 m

	IAB-Node antenna element gain + connector loss
	3 dBi (assuming antenna 1.8dB loss)

	IAB-Node receiver noise figure
	FR1: 5 dB
FR2: 10 dB

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.



Table 6.2-2: Simulation parameters for layout 2
	Layout
	Homogeneous micro layer for each operator

	Inter-BS distance
	200m

	Grid shift
	20m, 40m

	Minimum distance between serving Node and UE
	10m

	BS antenna configurations
	FR1: (Mg,Ng,M,N,P) = (1,1,8,8,1), (dH,dV)=(0.5,0.8)λ
FR2: (Mg,Ng,M,N,P) = (1,1,8,16,1), (dH,dV)=(0.5,0.5)λ
Note 1,2

	BS antenna height
	10 m

	BS antenna element gain + connector loss
	FR1: 3 dBi (assuming antenna 1.8dB loss)

	BS receiver noise figure
	FR1: 5 dB
FR2: 10 dB

	IAB-Node antenna height
	10 m

	IAB-Node antenna element gain + connector loss
	3 dBi (assuming antenna 1.8dB loss)

	IAB-Node receiver noise figure
	FR1: 5 dB
FR2: 10 dB

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.



Table 6.2-3: Common parameters
	Duplex mode
	TDD, half-duplex operation in IAB-Nodes

	Carrier frequency
	4 GHz, 30 GHz

	Path-loss model
	See TR 38.874 [2]

	BS Tx power
	33 dBm for FR2, 46 dBm for FR1

	UE Tx power
	22.4 dBm EIRP for FR2, 23 dBm for FR1

	UE antenna configuration
	FR1: Omni
FR2: (Mg,Ng,M,N,P) = (1,1,2,2,1), (dH,dV)=(0.5,0.5)λ

	UE receiver noise figure
	10 dB

	Power control for IAB-MT
	SNR target 22 dB with γ = 1

	Power control for UE
	SNR target 15 dB with γ = 1

	Power control for DL transmissions
	No



[bookmark: _Toc25739792]6.3	Simulation result 
<Text will be added>
[bookmark: _Toc25739793]6.3.1	Simulation results from Nokia
Simulations were performed in FR2 for both layout 1 and layout 2. In layout 1 it was observed that IAB-Nodes cause excessively high interference towards legacy networks. The simulation result is captured in Figure 6.3.1-1
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Figure 6.3-1: Blocking power level at fully connected network rel-15 gNB receivers in layout 1
Due to the interference level going beyond the BS type 2-O in-band blocking levels it was concluded that IAB-Nodes cannot be deployed using layout 1 at least when the parameters in section 6.2 are applied. Therefore the simulation efforts were concentrated in layout 2.
Firstly, it was confirmed to no co-existence issues exist in layout 2, and the results are captured in Table 6.3-1.
Table 6.3-1: Coexistence simulation results for layout 2, uplink transmissions
	
	Baseline, 2 systems, no IAB-aggressor
	2 systems with IAB-aggressor, 13 dB power control range for IAB-MT
	2 systems with IAB-aggressor, 16 dB power control range for IAB-MT

	Throughput degradation, mean
	0%
	0.9%
	0.6%

	Throughput degradation, 5%-tile
	0%
	5.7%
	3.4%



In downlink simulations throughput degradation was negligible. Absolute interference power levels were also studied and results are captured in Table 6.3-2 and Figures 6.3-2 and 6.3-3.
Table 6.3-2: 99% and 99.9% blocking power levels in layout 2
	
	gNB receiver, 40 m grid shift
	gNB receiver, max grid shift
	IAB-MT receiver, 40 m grid shift
	IAB-MT receiver, max grid shift

	99% power level
	-70.2 dBm
	-84.0 dBm
	-52 dBm 
	-55 dBm

	99.9% power level
	-57.4 dBm
	-67.0 dBm
	-45 dBm
	-54 dBm



[image: ]
Figure 6.3-2: Blocking power at gNB receiver
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Figure 6.3-3: Blocking power at IAB-MT receiver
Based on the results it was observed that IAB-MT receiver needs to be capable to tolerate higher interference levels than a BS type 2-O receiver, and the difference is approximately 6 dB. Therefore it is recommended that the interference level in IAB-MT in-band blocking requirement is set 6 dB higher relative to BS-type 2-O requirements, as otherwise there exists a risk for system performance degradation.
Furthermore, based on the study it is recommended to re-use BS type 2-O ACS requirements for IAB-MT and adopt a minimum requirement of 17 dBc for IAB-MT ACLR. In the simulations 33 dBm maximum TRP and 13 dB power control range was used for IAB-MT. Therefore it is also recommended that IAB-MT shall be mandated to be capable to  transmit at minimum power level of 20 dBm when the full channel is allocated.
6.4	Summary on co-existence study 

< End of text proposal >
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