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1	Introduction 
RAN has agreed in RP-220633 for a new study item on Evolution of NR Duplex Operation [1]:In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering, and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


In this paper, we give initial evaluations of the primary interference mechanisms which could play into the development of the evolution of NR duplex operation. 
2 Discussion
2.1 Scope
We first evaluate several of the most difficult interference scenarios for gNB full duplex operation.  These are shown in Figure 1 for reference.  The co-channel CLI is between two gNB operating in the same band in SBFD mode.  Self-interference is from a single gNB operating in SBFD mode. 
[image: ]
Figure 1 – Sources of interference that arise with full duplex operation
2.2 Urban Macro Model Description
The calculations for interference in this paper mostly come from the previously developed Urban Macro Model SI contained within TS 38.828.  TS 38.828, Table 5.2.1.1.1-1 is repeated here for convenience:
Table 5.2.1.1.1-1: Single operator layout for urban macro in FR1 (4GHz)
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Path-loss model
	-	Macro(Aggressor) → Macro(Victim)
	-	Macro-to-UE: UMa [5]
	-	Macro-to-Macro: UMa (h_UE=25m) [5]
	-	UE-to-UE: Outdoor UE – Outdoor UE [6] 
		+ penetration loss [5]

	BS Tx power
	49 dBm

	UE Tx power
	23dBm

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

	BS antenna height
	25m

	BS antenna element gain + connector loss
	5dBi (assuming antenna 1.8dB loss)

	BS receiver noise figure
	5dB

	UE antenna configuration
	Omni

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9dB

	Multi operators layout
	uncoordinated operation (100% Grid Shift)

	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.



The path loss model comes from TS 38.803.  Table 5.2.2.101 from TS 38.803 repeated here for convenience:
Table 5.2.2.1-1: Pathloss models
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3



2.3 Co-channel interference between to gNBs
For Co-link interference, we assume a pair of base stations operating in the same CBW separated by 500m, each with a height of 25m using the urban macro description from the previous section.  We evaluate the interference power received at gNB1 in the ULSB from gNB2 in the DLSB.
Table 2.3.1: Initial link budget for CLI between two gNBs
	Parameter
	Value
	Unit

	gNB2 Tx DL Power
	49
	dBm

	gNB2 Ant Gain worst case aligned
	5
	dBi

	gNB2 ACLR
	45
	dB

	Inter-BS distance
	500
	m

	BS1 height
	25
	m

	BS2 height
	25
	m

	distance d3D
	500.0
	m

	gNB1 Ant Gain worst case aligned
	5.0
	dBi

	Path Loss gNB2 to gNB1 LOS
	98.4
	dB

	Path Loss gNB2 to gNB1 NLOS
	117.0
	dB

	gNB1 Rx power in ULSB from gNB2 TX DLSB
	-84.4
	dBm


For this calculation, we use a worst case scenario where the two antennas are roughly pointed at one another, each contributing 5dBi of gain.  We also use 45dB ACLR in gNB2 as the mechanism which translates power from the DLSB to the ULSB.  With this we see the interference power is -84.4 dBm which is considerably higher than the typical refsense value, e.g., -97.7 dBm for a 100MHz FR1 channel.  This level of interference would represent a considerable degradation in the gNB1 receiver performance.
Since this calculation uses ballpark values and yet the CLI interference is large enough to potentially degrade the BS Rx SNIR, we propose to perform link-level simulations which will more precisely capture the adjacent channel leakage due to RF front-end non-linearities.  
Proposal 1: Since the CLI interference is large enough to potentially degrade the BS Rx SNIR, we propose to perform link-level simulations which will more precisely capture the adjacent channel leakage due to RF front-end non-linearities.  
2.4 Self-interference at a gNB
For self-interference, we assume a gNB using the urban macro model given above.  We evaluate the interference power received in the gNB1 Rx ULSB from transmission in the gNB1 Tx DLSB.
A key parameter to know for this calculation is the Tx-to-Rx isolation.  In our view, in systems where the Tx and Rx antenna elements are co-located, the isolation level will be too low for gNB full duplex operation.  For that case, the isolation could be in the 15dB to 40dB range.  In order to have an isolation level that makes gNB full duplex operation feasible, we think antenna panel separation/isolation is likely a requirement.  
In [2], Qualcomm demonstrates measurement results of a massive MIMO array with 80dB isolation between separate Tx and Rx panels with centre frequency at 3.4GHz.  In [3], Nokia suggests a wide range of isolation from 50dB to 110dB be considered in evaluations.  Others have suggested 70dB isolation between separate FR1 panels.  From our perspective, we see the Qualcomm measured results as compelling, and see a range of 60dB to 80dB as a feasible initial assumption for FR1 antenna isolation.
In addition to antenna panel isolation, there will likely be a need for interference cancellation which will help reduce ACLR interference and RF/analogue cancellation to aid in Rx linearity.  These technologies can typically achieve 10-15dB improvement at a cost of some complexity in terms of hardware and DSP.  There may be additional theoretical cancellation methods proposed with expectations of 30-40dB, but these may not be robust for widespread adoption in real systems at this time.
Table 2.4.1: Initial link budget for SI between two gNBs with 60dB Tx/Rx Isolation
	Parameter
	Value
	Unit

	gNB2 Tx DL Power
	49
	dBm

	gNB2 ACLR 
	45
	dB

	Ant Isolation
	60
	dB

	Dig Interference Cancellation
	15
	dB

	gNB1 Rx power in ULSB from gNB1 Tx DLSB ACLR
	-71
	dBm



For the calculation in Table 2.4.1 we see that 60dB isolation results in -71dBm interference level which is not sufficient to reduce the received interference power to an acceptable level compared to refsense.
Table 2.4.2: Initial link budget for SI between two gNBs with 60dB Tx/Rx Isolation
	Parameter
	Value
	Unit

	gNB2 Tx DL Power
	49
	dBm

	gNB2 ACLR 
	45
	dB

	Ant Isolation
	80
	dB

	Dig Interference Cancellation
	15
	dB

	gNB1 Rx power in ULSB from gNB1 Tx DLSB ACLR
	-91
	dBm



On the other hand, in table 2.4.2, we use that 80dB isolation results in a -91dBm interference level which may be an acceptable level.
Proposal 2: We propose RAN4 to conduct further study into feasible levels of Tx-Rx antenna isolation.
2.5 RAN4 Simulations
In the previous two sections, CLI interference and Self-interference were shown to be at levels near or above refsense when a gNB is operating in the proposed full duplex mode.   Since these calculations are performed with ballpark numbers, a useful next step would be to perform link level simulations with realistic non-linear models for the RF front-end components of PA and LNA.
In the past, UE simulation campaigns agreed on PA models such as the Rapp non-linear model.  Agreeing on a model, helps to ensure that results from different companies, although different, do converge and result in a common understanding.  For the BS PA, the tight 45dB ACLR specifications typically require advanced digital pre-distortion (DPD) algorithms to achieve this high linearity [4].  For this simulation effort, we would propose to agree on a PA model that includes a realistic DPD.
Proposal 3: For the Full Duplex simulation effort, we would propose to agree on a PA model that includes a realistic DPD component
3	Conclusions
In summary, we have discussed two forms of interference, CLI interference and SI interference that are likely to be strong enough to considerably degrade potential gNB full duplex operation in many cases.  We propose further RAN4 simulation using link level simulations to gain a better understanding of the precise effect of these interferences.  Also, since Tx-Rx isolation is a primary factor and perhaps the largest source of gNB interference, we propose to further study feasible levels of Tx-Rx isolation.
Proposal 1: Since the CLI interference is large enough to potentially degrade the BS Rx SNIR, we propose to perform link-level simulations which will more precisely capture the adjacent channel leakage due to RF front-end non-linearities.  
Proposal 2: We propose RAN4 to conduct further study into feasible levels of Tx-Rx antenna isolation.
Proposal 3: For the Full Duplex simulation effort, we would propose to agree on a PA model that includes a realistic DPD component
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