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[bookmark: _Ref465963108]Introduction
In RAN4#104-bis-e, further agreements on the SBFD adjacent channel coexistence studies were reached and a WF was approved for future meetings [1]. In [2] we provided preliminary results for SBFD coexistence, in this paper, we present preliminary simulation results for the agreed parameters and scenarios in [1], and further discuss the impact of SBFD deployments on gNB RF requirements considering self-interference, inter-subband CLI, and other coexistence aspects.
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Scenarios and simulation assumptions
Coexistence scenarios
As agreed in RAN4#104-e and RAN4#104-bis-e [1,2], different deployment scenarios and transmission configurations for the victim and the aggressor networks have been agreed as shown below, where it was agreed to prioritize case 1 and 2 for the DUD and DU subband configurations. 
	Agreed scenarios from RAN4#104-e and RAN4#104-bis-e:
	FR
	Scenario
No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

	FR1
(4GHz) 
	1
	Urban Macro -> Urban Macro
	High

	
	2
	Indoor -> Indoor
	Low

	FR2
(30GHz) 
	3
	Urban Macro -> Urban Macro
	High

	
	4
	Urban Micro -> Urban Micro
	Low

	
	5
	Indoor -> Indoor
	Lw

	Note 1: The Urban Macro is agreed as baseline scenario for SBFD co-ex study with high priority in RAN4#104-e, while it does not preclude other scenarios.



	[bookmark: _Hlk116595161]Victim
	Aggressor
	Figures
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DUD)
	

Case 1
	NR TDD DL
	High

	
	SBFD (DU)
	

Case 2
	NR TDD DL
	High

	
	
	

Case 3
	NR TDD DL
	Low

	NR TDD UL
	SBFD(DUD)
	

Case 4
	NR TDD UL
	Low

	
	SBFD(DU)
	

Case 5
	NR TDD UL
	Low

	
	
	

Case 6
	NR TDD UL
	Low

	SBFD (DUD)
	NR TDD DL
	

Case 1
	No system in adjacent channel
	High

	SBFD (DU)
	NR TDD DL
	

Case 2
	
	High

	
	
	

Case 3
	
	Low

	SBFD(DUD)
	NR TDD UL
	

Case 4
	
	Low

	SBFD(DU)
	NR TDD UL
	

Case 5
	
	Low

	
	
	

Case 6
	
	Low






Since it has been agreed to consider ACLR flat modelling, RAN4 need to further discuss the differences between DUD and DU configuration in terms of Tx leakage modelling and the anticipated impact  on the adjacent channel coexistence work. In this paper, we focus on the DU SBFD configuration case, where we believe with the current agreements in RAN4, DUD and DU configurations might lead to similar results in terms of system performance. 
Observation: With current agreements on ACLR modelling, RAN4 need to discuss expected differences between DUD and DU configurations in terms of Tx leakage modelling and the anticipated impact  on the adjacent channel coexistence work.
Deployment scenarios
For urban macro scenarios, a pictorial representation with 100% grid shift and ISD=500m is shown in Figure 1, where the victim and aggressor networks are depicted in blue and red, respectively. As agreed in [1], we present results for the UE uniform dropping case, where UEs are randomly dropped within the serving area of each cell. Figure 1 presents the distributions of the distance between the aggressor gNBs/UEs and the victim UEs. As it can be observed, the probability of having small inter-UE distances is low for both FR1 and FR2 in UMa scenarios. Thus, it is expected that the contribution of the inter-UE CLI will not be as impactful as the inter-gNB CLI for UMa scenarios. 
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[bookmark: _Ref118458636]Figure 1 UMa deployment with 100% grid shift and inter-UE distance distributions
Observation: The probability of having small  inter-UE distances is low in UMa scenarios, which will lead to negligible contribution of the inter-UE CLI for SBFD deployments. 
Simulation parameters
In this section we provide the list of simulations assumptions based on the agreements in [1] and TR 38.828. Table 3 lists our preliminary simulation parameters that were used to reproduce the results presented in Section 4. 
	
Table 1 List of simulation parameters
	General
	Frequency
	FR1: 4GHz as exemplary frequency
FR2: 30GHz as exemplary frequency

	
	Channel BW
	FR1: 100MHz
FR2: 200MHz 

	
	SCS
	15KHz 

	
	SBFD configuration
	DU configuration with 80MHz downlink and 20MHz for uplink as explained in figure 2. For FR2, each DL sub-band BW is 160MHz while 40MHz is assumed for UL. 

	
	ISD
	500m for FR1 and 200m for FR2

	
	UE-gNB minimum distance
	35m for UMa and 0m for InH

	
	Path-loss model
	Based on 38.828 Section 5.2.2.1.1
Macro (Aggressor) → Macro (Victim)
· Macro-to-UE: UMa see TR 38.803
· Macro-to-Macro: UMa (h_UE = 25 m) see TR 38.803
· UE-to-UE: Outdoor UE – Outdoor UE see TR 36.828  + penetration loss see TR 38.803

	
	Grid shift consideration 
	100 % 

	
	Evaluation metrics 
	Follow the TR 38.828’s evaluation criteria to check the 50% and 5% throughput loss compared to the baseline scenario defined.

	
	Handover margin 
	3 dB

	UE parameters
	 UMa UE distribution

	Indoor/Outdoor UE ratio

	Re-use TR 38.828. For Macro-to-Macro assume 20% indoor and 80% outdoor ratio. For FR2, no indoor UEs are assumed. 

	
	
	UE distribution mechanism
	Evenly randomize the UEs within each cell

	
	
	Number of UEs 

	Equal to the number of sub-bands, i.e., 2 UEs for {DU} subband config, 3 UEs for {DUD} config.

	
	Antenna parameters 
	FR1: Re-use TR 38.828 assumptions (FR1 max Tx 23dBm, min Tx -40 dBm with 0dBi omni directional antenna)
FR2: Option 2: FR2 max Tx 23dBm (peak eirp 43dBm) with (M, N, P)=(1, 4, 2), 2 panels antennas and element gain as 1.5 dBi

	
	Power control 
	Same as PC model in 38.803 and 38.901 with UL SNR target = 15dB and minimum conducted power = -40 dBm

	
	UE antenna height
	1.5m 

	
	Traffic model
	Full buffer to consider worst case scenario for network loading

	
	Noise figure
	FR1: 9 dB and FR2: 10 dB

	
	ACLR/ACS
	FR1: ACLR 30 dB and ACS 33 dB
FR2: ACLR 17 dB and ACS 23 dB
1 step ACLR model is assumed. 

	gNB parameters
	Antenna parameters
	Utilize an extra panel for subband UL operation to provide enough spatial isolation. Accordingly, the TRP and element number for DL and UL in SBFD BS will be the same as TDD BS configuration. 
Antenna modeling follows that of TR 38.828
For Legacy TDD:
(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD:
(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	
	gNB antenna height
	25m for UMa and ceiling mounter AP is considered at 3m for InH

	
	Mechanical down tilt
	6 degrees mechanical down tilt.

	
	gNB Tx power
	FR1: 49 dBm for both legacy TDD and SBFD
FR2: 43 dBm for both legacy TDD and SBFD

	
	Noise figure
	FR1: 5 dB and FR2: 10 dB

	
	ACLR/ACS
	FR1: ACLR 45 dB and ACS 46 dB
FR2: ACLR 28 dB and ACS 23.5 dB
Flat ACLR modeling is assumed. 



Self-interference mitigation capability
To enable proper reception of the uplink signal at the SBFD gNB receiver, gNB should mitigate the direct self-interference ‘leakage’ and any significant clutter reflections. To quantify the gNB self-interference capability, we modelled the self-interference as flat as agreed in RAN4 [1,2], with the mitigation components shown in the table below.
Table 2 Self-interference mitigation capabilities
	
	FR1 Wide-Area BS
	FR2 Wide-Area BS

	Component capability 
	Spatial isolation 
	85 dB
	85 dB

	
	Frequency isolation
	45 dB 
	28 dB 

	
	Digital IC 
	15dB
	15 dB

	Overall RSIC capability 
	145 dB
	128 dB



Preliminary simulation results
Throughout this section our preliminary simulation results for urban macro scenario are presented. We follow the simulation methodology agreed in [1], where the RF parameters are determined based on the degradation caused by the adjacent channel interference (ACI), following similar coexistence simulation work as in [3] and [4]. 
FR1 results
NR TDD DL as victim
Figure 2 presents the SINR (with ACI) and interference power distribution (with ACI) for FR1 UMa deployment when the victim is operating in a TDD DL slot. As observed, the performance impact of SBFD operation in the adjacent channel is nearly negligible when compared to the legacy NR TDD DL. It is apparent that for Macro-Macro scenarios (impact on UE), the adjacent interference is dominated by legacy DL interference from co-channel and aggressor gNBs. In addition, no performance degradation relating to ACLR/ACS due to inter-UE CLI is observed in SBFD adjacent channel operation. Additionally, Figure 2 presents the distribution of the adjacent interference power for the three network operation modes. We can observe that the SBFD network is dominated by the legacy interference from aggressor gNBs towards the victim UEs, while the inter-UE CLI component is marginal. We can also observe that although the legacy network is transmitting over full 100MHz bandwidth, it provides quite close statistics compared to the SBFD gNB that is transmitting DL sub-band of 80MHz. We observe a gap of approximately 1 dB between legacy and SBFD curves. Note that this gap is dependent on how the ACLR is modelled as highlighted in section 3.6.1, where we considered a flat ACLR model for the gNB of value 45 dB.
Observation: For FR1 macro-macro scenarios (impact on UE), the adjacent interference is dominated by legacy DL interference from legacy gNBs. No performance degradation due to inter-UE CLI is observed in adjacent channel.
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Figure 2 SINR and interference power distributions for UMa FR1 deployment when victim is TDD DL
SBFD as victim
SBFD DL results
Figure 3 presents the SINR and interference power distribution for FR1 UMa deployment when the victim is operating in a SBFD DL slot. We compare multiple scenarios here, namely, single operator (i.e., no adjacent channel operation), multiple operator (adjacent channel operator is either TDD DL, TDD UL, or SBFD). Similar to the TDD DL victim case, the system is dominated by co-channel interference from other gNBs in the victim network. As a result, no degradation is observed between the SBFD and TDD DL single operator case. When there is operation in the adjacent channel, approximately 1 dB degradation in the SINR is observed for different types of aggressor networks. To further clarify, we plot the distribution of the interference power to decouple the different interference components. First, we can observe that the co-channel interference is the dominant compared to the inter-subband inter-UE CLI. In addition, we can see the impact of the SBFD subband configuration between the TDD DL and SBFD deployment (i.e., around 1 dB for PSD integration). Secondly, we observe that in terms of interference statistics, SBFD deployment in the adjacent channel will result in same aggregate adjacent interference as TDD DL, since the former is dominant by the inter-gNB CLI. 
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[bookmark: _Ref118478201]Figure 3 SINR and interference power distributions for UMa FR1 deployment when victim is SBFD DL
Observation: For FR1 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
SBFDL UL results
Figure 4 presents the SINR and interference power distribution for FR1 UMa deployment when the victim is operating in a SBFD UL slot, similar to the previous results, we include an TDD UL single operator network for comparison. In addition, we consider as agreed in RAN4#104-bis-e [1] to model the co-site inter-sector inter-subband interference similar to the self-interference, thus providing sufficient isolation between the sectors within a given cell. As expected, due to the inter-subband inter-gNB CLI in SBFD deployments, SINR deterioration is observed for the single operator case, which hinders achieving the SNR target which equals 15 dB. This is also clear when comparing the interference distribution between the legacy inter-UE interference in synchronized networks to the inter-subband inter-gNB CLI. Additionally, we observe that when there an aggressor network, performance varies depending on the transmission direction (i.e., served slot). For TDD UL, no observed degradation when compared to single operator case, whereas when the aggressor is DL, additional degradation is observed due to the additional adjacent inter-gNB CLI. 
Observation:  For FR1 and SBFD UL as a victim, the aggregate inter-gNB CLI dominates the aggregate legacy co-channel interference. Similar behaviour is also observed for the aggregate adjacent interference. 
[bookmark: _Ref118562673][image: ]
Figure 4 SINR and interference power distributions for UMa FR1 deployment when victim is SBFD UL
FR2 results
NR TDD DL as victim
Similar to FR1, Figure 6 present the SINR (with ACI) where the trends and observations for FR1 are consistent for FR2. In details, for Macro-Macro scenarios (impact on UE), the adjacent interference is dominated by legacy DL interference from aggressor gNBs and no performance degradation relating to ACLR/ACS due to inter-UE CLI is observed in SBFD adjacent channel operation. 
[image: ]
[bookmark: _Ref118573727]Figure 6 SINR distributions for UMa FR2 deployment when victim is SBFD DL
Observation: For FR2, no SINR degradation is observed when the victim network is SBFD DL compared to legacy TDD DL network.  
SBFD As victim
Figure 7 presents the SINR distribution for FR2 UMa deployment when the victim is operating in a SBFD DL slot. The trends and observations for FR1 are similar for FR2. For Macro-Macro scenarios (impact on UE), the adjacent interference is dominated by legacy DL interference from aggressor gNBs and no performance degradation relating to ACLR/ACS due to inter-UE CLI is observed in SBFD adjacent channel operation. 
Observation: For FR2 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
[bookmark: _Ref118577625][image: ]
Figure 7 SINR distributions for UMa FR2 deployment when victim is SBFD DL
Finally, Figure 8 presents the aggregate interference distributions when SBFD UL is victim. As we see the aggregate interference is dominated by the inter-subband inter-gNB CLI. For legacy TDD UL networks, we only see the impact of the inter-UE legacy co-channel interference. Accordingly, advanced solutions are envisaged to ensure that the impact of inter-subband inter-gNB CLI is properly mitigated. 
Observation: When SBFD is a victim, to protect the SBFD UL slots, advanced solutions are envisaged to ensure that the impact of inter-subband inter-gNB CLI is properly mitigated.
[image: ]
[bookmark: _Ref118732835]Figure 8 Aggregate interference distributions for UMa FR2 deployment when victim is SBFD DL
Conclusion
Throughout this contribution, we provided our views simulation scenarios for the SBFD adjacent coexistence work within RAN4, preliminary list of simulation assumptions, and simulation results investigating the impact of SBFD. In summary we have made the following observations:
Observation: With current agreements on ACLR modelling, RAN4 need to discuss expected differences between DUD and DU configurations in terms of Tx leakage modelling on the adjacent sub-bands.
Observation: The probability of having small  inter-UE distances is low in UMa scenarios, which will lead to negligible contribution of the inter-UE CLI for SBFD deployments. 
Observation: For FR1 macro-macro scenarios (impact on UE), the adjacent interference is dominated by legacy DL interference from legacy gNBs. No performance degradation due to inter-UE CLI is observed in adjacent channel.
Observation: For FR1 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
Observation: For FR1 and SBFD UL as a victim, the aggregate inter-gNB CLI dominates the aggregate legacy co-channel interference. Similar behaviour is also observed for the aggregate adjacent interference.
Observation: For FR2 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
Observation: When SBFD is a victim, to protect the SBFD UL slots, advanced solutions are envisaged to ensure that the impact of inter-subband inter-gNB CLI is properly mitigated.
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