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[bookmark: _Ref465963108]Introduction
In RAN4#106-bis-e, additional fine tuning of the adjacent coexistence scenarios, simulation parameters, and discussions timeline SBFD adjacent channel coexistence studies were carried out and a WF was approved for future meetings [1]. In this paper, we present updated simulation results, following the agreements in [1] and further discuss the impact of SBFD deployments on gNB RF requirements considering self-interference, inter-subband CLI, and other coexistence aspects.
Discussion
As agreed in RAN4#106 [1], further scoping of the deployment scenarios and transmission configurations for the victim and the aggressor networks have been agreed for SBFD coexistence work as shown below, where it was agreed to focus DU configuration to progress the work as shown in Table 1.
[bookmark: _Ref131602665]Table 1 Agreed SBFD coexistence scenarios in RAN4#106 [1].
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DU)
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Case 1
	NR TDD DL
	High

	NR TDD UL
	SBFD (DU)
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Case 2
	NR TDD UL
	Low

	SBFD (DU)
	NR TDD DL
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Case 3
	No system in adjacent channel
	High

	SBFD(DU)
	NR TDD UL
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Case 4
	
	Low



The agreed scenarios for SBFD co-existence study along with their priority are shown in Table 2. 
[bookmark: _Ref134170322]





Table 2 Scenarios for SBFD co-ex study
	FR
	Scenario No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

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

	
	2
	Urban Hotspot -> Urban Hotspot
	Note 4

	
	3
	Indoor -> Indoor
	Low

	
	4
	UMa-to-UMi
	Note 5

	FR2
(30GHz)
	5
	Urban Macro -> Urban Macro
	High

	
	6
	Urban Hotspot -> Urban Hotspot
	Note 4

	
	7
	Urban Micro -> Urban Micro
	Low

	
	8
	Indoor -> Indoor
	Low

	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.
Note 2: The Urban Hotspot uses the same assumption as Urban Macro, except that Urban Macro uses random dropping method for UE while Urban Hotspot uses cluster-based dropping method for UE. Both random dropping and cluster-based dropping for calibration.
Note 3: Consider Urban Macro scenario first for calibration purpose.
Note 4: Companies are encouraged to provide simulation results for Urban Hotspot scenario as 2nd priority. [Editor’s Note: Agreement 2.2.1 of R4-2302888]
Note 5: Companies also encouraged to simulate Uma-to-UMi co-existence scenario as 2nd priority. [Editor’s Note: Agreement 2.2.3 of R4-2302888]



Additionally, progress has been made offline to calibrate the different scenarios where several metrics have been presented to align between the interested companies. Observing the different submitted calibration results so far, it is observed that for FR1 and FR2 no SINR degradation is observed when adjacent network is SBFD-capable compared to when the adjacent network is a TDD DL network, which is scenario highlighted in green in Table 1. Thus, legacy TDD DL operation is not impacted by SBFD operation in the adjacent channel. 
Urban Hotspot scenario analysis
It was agreed in [1] to consider clustered UE dropping for UMa deployments, termed as Urban Hotspot scenario as a lower priority. As presented in [1], a single cluster with a given radius is randomly dropped within every cell with a minimum distance between cluster centre and gNB as well as minimum distance between two neighbouring clusters. Number of UEs are dropped inside and outside of each cluster with ratio of inside to outside UEs equal to the indoor UE ratio (i.e., 20%). All UEs that are deployed outside each cluster are outdoor UEs. A visualization comparing the random UE deployment to the clustered one is shown in Figure 1, where we consider 20% indoor UE ratio with cluster radius of 25m. 
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[bookmark: _Ref126823987]Figure 1 UMa deployment with (left) random UE deployment and (right) clustered UE deployment

To analyse the impact of UE clustering (i.e., Urban hotspot) on the system level performance we look into the case below where we consider SBFD as victim (downlink slot) with and without UE clustering. The impact of UE clustering should affect the inter-subband inter-UE CLI. Note that no network is simulated here since the impact of UE clustering should already be apparent for the inter-UE inter-subband CLI independent of the operation of the adjacent network. 
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Priority

	SBFD-DL (DU)
	No aggressor
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Case 3
	High



The impact of the clustering on the inter-UE CLI is depicted in Figure 2 where we compared the inter-UE CLI coming from random and clustering deployments as well as the legacy co-channel interference from co-channel interfering gNBs. As observed the performance in the downlink is dominated by the co-channel legacy interference from gNBs. 
To investigate the impact of UE clustering on the network statistics, specifically, As observed, the inter-UE CLI for the random and clustered UE cases is quite close due to the fact that the same % of UEs are indoor ones in both scenarios and the gNB is serving a single UE every TTI. On the other hand, the case with 0% indoor UEs provide lower CL due to the less experienced losses (e.g., LOS, indoor-to-outdoor losses, penetration losses, etc.). Based on this, it is arguable that UE clustering will have minimal impact on the inter-UE CLI.
[image: ]
[bookmark: _Ref134878351]Figure 2 Interference power for different UE deployments
Proposal 1: It is sufficient for RAN4 to study random UE deployments within the SBFD co-existence framework.  
Blocking probability reporting
In [1] and RAN4#106 the following noise model was agreed:
	The noise figure model is provided as below: 


· X-axis: Total received power is the linear sum of all received power, including wanted signal, self-interference, inter-gNB interference and inter-sector interference.
· Y-axis: noise figure
· The values of A, B, C and D: 
· A = -43dBm
· B = -25dBm
· C = 5dB
· D = 14dB



Since this model was communicated to RAN1, it is also agreed to be incorporated with RAN4 coexistence analysis. Although the definition of the input of this model (i.e., average total input power) is clear, how to apply this model in the coexistence framework should be further clarified. There are two variants for the interference components of the input signal (inter-subband co-channel interference and adjacent channel interference):
1. The ACLR component of the inter-subband co-channel interference and adjacent interference. This implies that the downlink interference signal (inter-subband and adjacent) is attenuated by the assumed inter-subband leakage (i.e., ACLR assumed for the coexistence study) and adjacent channel leakage (ACLR also). 
2. The full inter-subband co-channel interference and adjacent interference. This implies that the downlink interference signal (inter-subband and adjacent) is not attenuated by ACLR. Their component is simply the Tx power attenuated with only the experienced coupling loss.
Note that the ACLR is only considered (not ACIR) as no selectivity is assumed before the LNA for the gNB Rx.   
The two above variants are presented in Figure 3 where the total input power as well as the resulting NF are shown. It is clear how much of an impact the assumption of the ACLR has on NF. For the case where we consider the ACLR component of the ACLR the total signal power is dominated by the received wanted signal and we are always operating in the flat NF region. However, when we consider the whole interference signal, the total input power is dominated by the co-channel inter-subband interference and the NF for around 38% of the time is in the monotonically increasing region. Thus it is important to agree within RAN4 on how the interference component in the NF model is evaluated. 
Proposal 1: RAN4 to agree on how to evaluate the interference components (inter-subband and adjacent) in the agreed NF model and whether the ACLR should be considered wholly, partially, or not at all. 
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[bookmark: _Ref134880565]Figure 3 Total input power for the agreed NF model in SBFD coexistence study
Another impact of the NF model is how to account for the variations in the NF as a result of the total input power when evaluating the uplink UE Tx power based on the power control mechanism in TR 36.942. The following was already agreed in [1] related to the UL power control: 
	using legacy power control as baseline. Add following statement into final TR:
In simulation, power control scheme is only used to compensate path loss. That’s the reason why final SINR for UL is less than assumed target SINR. But commercial UE UL SINR could meeting target value according to power control scheme in 38.213


This also should be applicable when the NF is modeled, since for the SBFD coexistence study, the rise in the NF based on the agreed model will not be reflected in the calculations of the UE Tx power which will lead to not meeting the SNR target. 
Proposal 2: RAN4 to discuss how to model the increase in the Noise figure based on the agreed Noise Figure model when calculating the UE Tx power within the power control algorithm.  
Preliminary simulation results
Throughout this section our preliminary simulation results for urban macro scenario are presented. We follow the simulation methodology and parameters agreed in [1], where the RF parameters are determined based on the degradation caused by the adjacent channel interference (ACI).
Simulation assumptions
For the results presented in this section, the simulations assumptions were based on R4-2305923 and for the parameters with multiple options the following table was considered.
	Simulation 
	Simulation parameter
	Assumption 

	Network Layout
	Grid shift %
	100%

	
	UE deployment
	Random deployment with Baseline: 20% indoor and 80% outdoor

	Path-loss model
	Macro-to-Macro:  
	UMa (h_UE = 25 m) see TR 38.803

	
	For LoS probability for Macro-to-Macro case
	Reuse the same model as in TR 38.828 with h_UT equals to 25m;

	
	UE-to-UE
	UMi (h_BS=1.5 m ~ 22.5 m)+ penetration loss see TR 38.803. UMi model is not applicable when 2D distance is less than 10m, instead FSPL is applicable.

	BS and UE configuration
	BS Tx power
	For legacy TDD: 49dBm/100MHz.
For SBFD antenna configuration 2: 49dBm/100MHz

	
	UE Tx power 
	23 dBm FR1 and 13.4 FR2

	
	SBFD/TDD PSD configuration
	For SBFD power allocation consider constant PSD for transmitted power, which is the same as for legacy TDD

	
	BS antenna configurations
	both SBFD and NR TDD gNB re-use TR 38.828 model without considering sub-arrays.
For SBFD antenna configuration 2: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	
	SBFD configuration 
	DU configuration with {DU}: {80MHz, 20MHz} FR1
DU configuration with {DU}: {160MHz, 40MHz} FR2

	
	UE/BS ACLR model
	Agreed ACLR model as in R4-2305923.



FR1 results
NR TDD DL as victim
In this part we investigate the following case:
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DU)
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Case 1
	NR TDD DL
	High



Figure 4 presents the SINR 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. It is observed 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.  
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Figure 4 SINR and throughput distributions for UMa FR1 deployment when victim is TDD DL

Table 3 SINR and throughput degradation for UMa FR1 deployment when victim is TDD DL
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DUD

	
	
	SINR degradation (dB)
	Throughput degradation (bps/Hz)

	Qualcomm Inc.
	5%
	0 
	0 

	
	50%
	-0.1
	0.001

	
	95%
	-0.1 
	-1 



Observation 1: For FR1 and TDD DL as a victim, no SINR or throughput degradation is observed when adjacent network is SBFD-capable compared to when the adjacent network is a TDD DL network.  
SBFD as victim
In this part we investigate the following case Where SBFD-DL (or SBFD-UL) represent the case where the victim network is SBFD DL slot (SBFD UL slot).
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	SBFD-DL (DU)
	NR TDD DL
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Case 3
	No system in adjacent channel
	High

	SBFD-UL (DU)
	
	
	
	



SBFD DL results
Baseline is synchronized TDD network:
Figure 5 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. 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: _Ref134883707]Figure 5 SINR and throughput distributions for UMa FR1 deployment when victim is SBFD DL
	Source
	Observation Point
	 Baseline: Victim: TDD DL, Aggressor: TDD DL
With SBFD: Victim: SBFD DL, Aggressor: TDD DL

	
	
	SINR degradation (dB)
	Throughput degradation (bps/Hz)

	Qualcomm Inc.
	5%
	0.1 
	0.01

	
	50%
	0.07
	0.01

	
	95%
	-0.08
	0 



Observation 2: For FR1 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
SBFDL UL results
Baseline is synchronized TDD network:
Figure 6 presents the SINR distribution for the case of SBFD gNB UL slot is a victim benchmarked against the legacy synchronized TDD network. Given the agreement in [1] to use the legacy power control, we also include the case where the additional desense due to self-interference and co-site inter-sector inter-subband inter-gNB CLI in the CL-xile parameter to make sure that the UEs are meeting the SNR target. The Resulting curve with modified power control is shown in green below. It can be observed that there is deterioration resulting from the inter-gNB CLI introduced in the downlink subband as well as the adjacent interference. It should be noted that although there is some observed SINR degradation, gains from SBFD deployments (e.g., latency reduction and UL coverage enhancements) are expected however such gains are not studied within RAN4 coexistence adjacent channel analysis. 
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Figure 6 SINR and throughput distributions for UMa FR1 deployment when victim is SBFD DL
Table 4 SINR and throughput distributions for UMa FR1 deployment when victim is SBFD UL
	Source
	Observation Point
	 Baseline: Victim: TDD UL, Aggressor: TDD UL
With SBFD: Victim: SBFD UL, Aggressor: TDD DL

	
	
	SINR degradation (dB)
	Throughput degradation (bps/Hz)

	Qualcomm Inc.
	5%
	9 
	0.3

	
	50%
	4.2
	0.5

	
	95%
	1.8
	0.2



Observation 3: For FR1 and SBFD UL as a victim, SINR degradation is observed compared to legacy TDD DL network. It should be captured in the TR that latency reduction gains and UL coverage enhancements are expected with SBFD deployments. 	Comment by Phil Coan: This looks like a proposal not an observation 
FR2 results
NR TDD DL as victim
Similar to FR1, Figure 7 presents 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. 
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Figure 7 SINR and throughput distributions for UMa FR2 deployment when victim is TDD DL

Table 5 SINR and throughput degradation for UMa FR2 deployment when victim is TDD DL
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DUD

	
	
	SINR degradation (dB)
	Throughput degradation (bps/Hz)

	Qualcomm Inc.
	5%
	0.03
	0 

	
	50%
	0.1
	0.01

	
	95%
	0.1 
	0



Observation 4: For FR2, no SINR degradation is observed when the victim network is SBFD DL compared to legacy TDD DL network.  
SBFD As victim
SBFD DL results
Baseline is synchronized TDD network:
Figure 8 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. 
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Figure 8 SINR and throughput distributions for UMa FR2 deployment when victim is SBFD DL
	Source
	Observation Point
	 Baseline: Victim: TDD DL, Aggressor: TDD DL
With SBFD: Victim: SBFD DL, Aggressor: TDD DL

	
	
	SINR degradation (dB)
	Throughput degradation (bps/Hz)

	Qualcomm Inc.
	5%
	0.07 
	0.15

	
	50%
	0.06
	0.02

	
	95%
	-0.08
	0 



Observation 5: For FR2 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
SBFD UL results
Finally, Figure 9 presents the aggregate SINR distributions when SBFD UL is victim for the case of single operator and adjacent TDD DL. It can be observed that no performance degradation for the SBFD UL slot when there is an adjacent operation.   
[image: ]
[bookmark: _Ref118732835]Figure 9 SINR and throughput distributions for UMa FR2 deployment when victim is SBFD DL
Observation 6: For FR2 and SBFD UL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
Conclusion
Throughout this contribution, we provided our views on remaining simulation scenarios and aspects for the SBFD adjacent coexistence work within RAN4 as well as simulation results investigating the impact of SBFD deployment. In summary we have made the following observations:
Proposal 1: It is sufficient for RAN4 to study random UE deployments within the SBFD co-existence framework.  
Proposal 2: RAN4 to agree on how to evaluate the interference components (inter-subband and adjacent) in the agreed NF model and whether the ACLR should be considered wholly, partially, or not at all. 
Proposal 3: RAN4 to discuss how to model the increase in the Noise figure based on the agreed Noise Figure model when calculating the UE Tx power within the power control algorithm.  
Observation 1: For FR1 and TDD DL as a victim, no SINR or throughput degradation is observed when adjacent network is SBFD-capable compared to when the adjacent network is a TDD DL network.  
Observation 2: For FR1 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
Observation 3: For FR1 and SBFD UL as a victim, SINR degradation is observed compared to legacy TDD DL network. It should be captured in the TR that latency reduction gains and UL coverage enhancements are expected with SBFD deployments. 
Observation 4: For FR2, no SINR degradation is observed when the victim network is SBFD DL compared to legacy TDD DL network.  
Observation 5: For FR2 and SBFD DL as a victim, no SINR degradation is observed compared to legacy TDD DL network.  
Observation 6: For FR2 and SBFD UL as a victim, no SINR degradation is observed compared to legacy TDD DL network. 
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