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1. Introduction
[bookmark: _Hlk97109309]The new RAN1/RAN4 study item on evolution of duplex operation for NR TDD systems in unpaired spectrum was adopted [1]. The assumptions are listed as follows:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
While the work item objectives are the following:
	· 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).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



This document focuses on the highlighted objective on studying adjacent channel coexistence aspects, building on the discussion and agreements reached in RAN4#107 as summarized in [2]. 



2. Discussion on remaining issues
In this section we discuss open issues related to the coexistence simulations currently being conducted.
2.1 Blocking model input power calculation
One important aspect on the coexistence studies is the BS receiver blocking model. In [5], the input power to the blocking model is described mathematically as:
	The receiver input total power can be expressed as a sum of wanted signal and all interferer signals in linear scale as:




And particularly the interference from the adjacent channel (), is defined as:
	IACI is the adjacent channel interference from gNB transmitting on the DL channel in the aggressor network. The interference level is calculated as:




In our view, the current definition of the adjacent channel interference is missing the interference generated from UEs transmitting on the UL channel in the aggressor network. For instance, assume a TDD UL victim network that is interfered by an adjacent network operating in SBFD. The adjacent channel interference should then be the sum of the interference generated by the aggressor BSs and aggressor UEs towards the victim BS. Thus, we propose the following to be included in the definition of :
IACI is the sum of the adjacent channel interference from gNB transmitting on the DL channel in the aggressor network and the adjacent channel interference from UEs transmitting on the UL channel in the aggressor network. The interference level is calculated as:

Proposal 1: Consider the following update on the adjacent channel interference calculation for the input power of the blocking model:
· IACI is the sum of the adjacent channel interference from gNB transmitting on the DL channel in the aggressor network and the adjacent channel interference from UEs transmitting on the UL channel in the aggressor network. The interference level is calculated as:


3. Adjacent channel coexistence results
We present in this section our coexistence analysis for the following scenarios: Urban Macro (FR1 and FR2-1), Urban Hotspot, UMi-to-UMi and UMa-to-UMi. The results presented here calculate the performance degradation using “no adjacent interference” as reference. All the results presented here are also collected in excel spreadsheet for data collection. Additionally, how the performance evolves by applying a positive offset to the ACIR is also presented in the excel spreadsheet collected by different companies. The simulations are conducted using as reference the WFs agreed for the different scenarios [3, 4].
On the receiver blocking model for FR1 Urban Macro, to ensure alignment with RAN1 and considering that RAN4 has not reached consensus on the feasibility of sub-band filter, the NF model without sub-band filter (A = -43dBm, B = -25dBm, C = 5dB, D = 14dB) is adopted. Note that two options with and without sub-band filter were communicated by RAN4 to RAN1 in [R4-2300693] and [R4-2306004], where the case without sub-band filter (from [R4-2300693]) was adopted as the baseline assumption in RAN1 given that RAN4 had not yet agreed on the sub-band filter’s feasibility.  
3.1 Case 1 – TDD DL as victim
The first set of results analyze the coexistence for the Case 1. We evaluate here the performance degradation of a network using TDD DL while the aggressor network uses either TDD DL or SBFD. 
3.1.1 Scenario 1: FR1 Urban Macro
Figure 1 shows the victim DL SINR at 5th and 50th percentiles and the victim DL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD DL or SBFD. We observe there that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. About whether TDD DL or SBFD coexists better with TDD DL, we can observe that there are no big differences between the 2 technologies. In fact, we observed that for certain percentiles of the SINR, SBFD as aggressor showed slightly higher SINR values at the victim than when TDD DL is the aggressor. The reason for this is the assumption on the constant power spectral density which implies that the transmit power for the SBFD gNB is the order of 1 dB lower. Moreover, since the UEs are uniformly distributed in the scenario, the potential effect of UE-to-UE ACI (only present if SBFD is the aggressor) is not seen at all. On the impact of the SBFD antenna size on the coexistence, we can conclude that it does not affect drastically for this scenario. The reason is that even though there is a difference in the base stations transmit power of 3 dB, we should also consider that the coupling loss between victim and aggressor gNB is larger as well. The reason for this is the higher number of antenna elements when simulating antenna configuration 2, which impacts the beamforming gain.
[image: ]
[bookmark: _Ref142640881]Figure 1. Comparison of DL SINR and DL throughput for Case 1 Urban Macro scenario

Table 1 shows the SINR and throughput degradation in dB and percentage, respectively. The throughput degradation values above 5% are highlighted with red to show the cases where the performance is not acceptable. Differently from the figure above, the table also shows the 10% grid offset case. The effect of the grid offset is minimal for Case 1, showing less than 1% average throughput degradation difference. 
[bookmark: _Ref146538980]Table 1. Performance summary for Case 1 Urban Macro scenario
	Scenario 1: FR1 Urban Macro
Case 1: TDD DL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS Tx power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	TDD DL
	N/A
	Option 2: TDD: 53 dBm
	N/A
	Option 2: TDD: 53 dBm
	0.52
	0.49
	5.48
	1.76

	10%
	
	
	N/A
	
	
	
	0.44
	0.43
	4.68
	1.5

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	0.26
	0.34
	2.78
	0.91

	10%
	
	
	Option 1 (same size)
	
	
	
	0.13
	0.36
	1.35
	0.75

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	0.53
	0.46
	5.66
	1.36

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.17
	0.48
	1.76
	1.14



Based on the results presented, we conclude the following on the coexistence for this scenario and case:
Proposal 2: The performance degradation for Urban Macro Case 1 is acceptable for both TDD DL and SBFD aggressor technologies.
3.1.2 Scenario 2: FR1 Urban Hotspot
Figure 2 shows the victim DL SINR at 5th and 50th percentiles and the victim DL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD DL or SBFD. As compared to the Urban Macro scenario, the effect of the adjacent channel interference is more noticeable here. The reason is the grouping of the UEs from victim and aggressor gNBs within the clusters. Thus, the aggressor gNB DL interference is directed to the same area as the victim UE. On top of that, when SBFD is the aggressor, the effect of the UE-to-UE adjacent channel interference between is also relevant. The latter is the reason for the different between having TDD DL or SBFD as aggressor.
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[bookmark: _Ref146538996][bookmark: _Ref146538992]Figure 2. Comparison of DL SINR and DL throughput for Case 1 Urban Hotspot scenario
Table 2 shows the SINR and throughput degradation in dB and percentage, respectively. The throughput degradation values above 5% are highlighted with red to show the cases where the performance is not acceptable. Differently from the figure above, the table also shows the 10% grid offset case. The 10% grid offset shows 1 dB higher degradation, which reflects the lower path-loss between aggressor BS and victim UEs. The main learning from the table is that UE-to-UE CLI becomes the bottleneck when UEs are in clusters and results in higher degradation than the case with uniformly distributed UEs. 
[bookmark: _Ref146538318][bookmark: _Ref146538315]Table 2. Performance summary for Case 1 Urban Hotspot scenario
	Scenario 2: FR1 Urban Hotspot
Case 1: TDD DL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS Tx power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	TDD DL
	N/A
	Option 2: TDD: 53 dBm
	N/A
	Option 2: TDD: 53 dBm
	2.01
	1.08
	21.4
	3.98

	10%
	
	
	N/A
	
	
	
	0.82
	0.54
	9.07
	2.32

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	4.26
	1.84
	42.34
	7.26

	10%
	
	
	Option 1 (same size)
	
	
	
	3.6
	1.67
	36.99
	7.45

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	5.15
	2.03
	49.68
	7.95

	10%
	
	
	Option 2 (same gain)
	
	
	
	3.63
	1.73
	37.25
	7.85



Based on the results presented, we conclude the following on the coexistence for this scenario and case:
Proposal 3: The performance degradation for Urban Hotspot Case 1 is not acceptable for SBFD due to the presence of UE-to-UE adjacent channel interference between UEs within the same cluster.

3.1.3 Scenario 4: FR1 UMa-to-UMi
Figure 3 shows the victim DL SINR at 5th and 50th percentiles and the victim DL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD DL or SBFD. We observe there that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. For the cell edge UEs, the SBFD operation results in the worst performance due to the contribution of the UE-to-UE CLI. On the average performance, TDD DL and SBFD show very similar performance.
 [image: ]
[bookmark: _Ref142660708]Figure 3. Comparison of DL SINR and DL throughput for Case 1 UMa-to-UMi scenario 

Table 3 shows the performance summary of this scenario, including results for 100% and 10% grid offsets. The throughput degradation values above 5% are highlighted with red to show the cases where the performance is not acceptable. The main learning is that TDD DL and SBFD similarly degrades the victim TDD DL performance. 
[bookmark: _Ref146604867]Table 3. Performance summary for Case 1 UMa-to-UMi scenario
	Scenario 4: FR1 UMa-to-UMi
Case 1: TDD DL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS Tx power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	TDD DL
	N/A
	TDD: 46 dBm
	N/A
	TDD: 53 dBm
	0.48
	0.61
	8.44
	5.09

	10%
	
	
	N/A
	
	
	
	1.21
	0.61
	20.2
	5.67

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	1.87
	0.6
	29.73
	4.17

	10%
	
	
	Option 1 (same size)
	
	
	
	0.36
	0.38
	6.45
	4

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	1.67
	0.68
	26.93
	4.46

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.39
	0.42
	6.87
	6.04



Based on the results shown above, we conclude the following in terms of coexistence:
Proposal 4: The performance degradation for UMa-to-UMi Case 1 can be considered acceptable for both TDD DL and SBFD aggressor technologies.
3.1.4 Scenario 5: FR1 UMi-to-UMi
Figure 4 shows the victim DL SINR at 5th and 50th percentiles and the victim DL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD DL or SBFD. We observe that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. On the comparison between TDD and SBFD, SBFD shows slightly lower degradation. The reason for this is the assumption of constant power spectral density, which results in lower BS transmit power for the SBFD cases. Moreover, since this scenario assumes uniformly distributed UEs, the effect UE-to-UE CLI is not strong enough to have an impact.

[image: ]
[bookmark: _Ref142654904]Figure 4. Comparison of DL SINR and DL throughput for Case 1 UMi-to-UMi scenario

Table 4 shows the performance summary of this scenario, including results for 100% and 10% grid offsets. The throughput degradation values above 5% are highlighted with red to show the cases where the performance is not acceptable. The main learnings are: 1) TDD DL and SBFD show very similar performance degradation and 2) victim TDD DL is robust to the adjacent channel interference. Lowering the grid offset results is lower ACI due to higher BS-to-UE path-loss.
[bookmark: _Ref146563931][bookmark: _Ref146563923][bookmark: _Ref146563927]Table 4. Performance summary for Case 1 UMi-to-UMi scenario
	Scenario 5: FR1 UMi-to-UMi
Case 1: TDD DL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS Tx power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	TDD DL
	N/A
	TDD: 46 dBm
	N/A
	TDD: 46 dBm
	0.57
	0.11
	9.1
	1.34

	10%
	
	
	N/A
	
	
	
	0.24
	0.09
	3.83
	0.84

	100%
	SBFD
	
	Same gain as TDD
	
	
	SBFD: 46 dBm
	0.53
	0.17
	8.48
	1.3

	10%
	
	
	Same gain as TDD
	
	
	
	0.24
	0.15
	3.85
	0.89



Based on the presented results, we conclude the following on the coexistence for this scenario and case:
Proposal 5: The performance degradation for UMi-to-UMi Case 1 is acceptable for both TDD DL and SBFD aggressor technologies.
3.1.4 Scenario 6: FR2-1 Urban Macro
Figure 5 shows the victim DL SINR at 5th and 50th percentiles and the victim DL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD DL or SBFD. We observe very minor degradation of the DL SINR and throughput for the cases shown in the figure. TDD DL and SBFD provide very similar performance, which highlights that the UE-to-UE ACI is not a problem for the coexistence in this scenario and case. Adopting antenna configuration 1 or 2 in SBFD results in similar performance too.
[image: ]
[bookmark: _Ref146603631][bookmark: _Ref146603626]Figure 5. Comparison of DL SINR and DL throughput for Case 1 Urban Macro FR2-1 scenario

Table 5 shows the performance summary of this scenario, including results for 100% and 10% grid offsets. The throughput degradation values above 5% are highlighted with red to show the cases where the performance is not acceptable. The main learning is that the grid shift impacts the coexistence since 10% grid offset shows higher SINR degradation than 100% offset for any of the considered aggressors and antenna configurations. In any case, the performance it acceptable if the average throughput is used as reference.
[bookmark: _Ref146604129]Table 5. Performance summary for Case 1 Urban Macro FR2-1 scenario
	Scenario 6: FR2-1 Urban Macro
Case 1: TDD DL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS Tx power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	TDD DL
	N/A
	TDD: 30 dBm
	N/A
	TDD: 30 dBm
	0.07
	0.11
	0.56
	0.24

	10%
	
	
	N/A
	
	
	
	0.92
	0.17
	6.78
	1.01

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 1:
SBFD: 27 dBm
	0.08
	0.08
	0.57
	0.18

	10%
	
	
	Option 1 (same size)
	
	
	
	0.9
	0.15
	6.61
	0.95

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 30 dBm
	0.08
	0.08
	0.62
	0.22

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.9
	0.19
	6.64
	1.05



Based on the results presented, we conclude the following on the overall coexistence for this scenario and case:
Proposal 6: The performance degradation for Urban Macro FR2-1 Case 1 is acceptable for both TDD DL and SBFD aggressor technologies.
3.2 Case 2 – TDD UL as victim
This set of results analyze the coexistence for the Case 2. We evaluate here the performance degradation of a network using TDD UL while the aggressor network uses either TDD UL or SBFD.
3.2.1 Scenario 1: FR1 Urban Macro
Figure 6 shows the victim UL SINR at 5th and 50th percentiles and the victim UL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD UL or SBFD. We focus here on simulations with SBFD antenna configuration 2 and grid offsets of 100% and 10%. From the figure we can conclude that SBFD is worse neighbour network than TDD UL. The reason for this is the BS-to-BS ACI component, which is not present if the victim and aggressor adopt synchronized TDD. If TDD UL is adopted at the aggressor network, the BS-to-BS ACI is not present and the effect of the grid shift is not noticeable. However, the effect of the grid shift is quite visible for SBFD as aggressor. Moreover, the high-power BS-to-BS interference results in the blocking of the victim BS receiver at the 5th percentile when SBFD is adopted. 
[image: ]
[bookmark: _Ref146537269][bookmark: _Ref146537265]Figure 6. Comparison of UL SINR and UL throughput for Case 2 Urban Macro scenario 

In Table 6 we provide a performance summary for different aggressor BS antenna configurations and grid shifts. The main conclusion from  is that SBFD heavily degrades the TDD UL performance of the victim for any of the considered configurations. In many of the cases such degradation brings the victim UL throughput to 0 and therefore SBFD operation during TDD UL slots and symbols is not recommended.

[bookmark: _Ref146583243]Table 6. Performance summary for Case 2 Urban Macro scenario
	Scenario 1: FR1 Urban Macro
Case 2: TDD UL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	TDD UL
	N/A
	Option 2: TDD: 53 dBm
	Enabled, without sub-band filtering
	Option 2: TDD: 53 dBm
	0.34
	0.14
	5.62
	1.42

	10%
	
	
	N/A
	
	
	
	0.22
	0.14
	3.86
	1.07

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	13.86
	2.81
	100
	21.78

	10%
	
	
	Option 1 (same size)
	
	
	
	Receiver blocked
	7.35
	100
	41.92

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	24.79
	3.56
	100
	26.11

	10%
	
	
	Option 2 (same gain)
	
	
	
	Receiver blocked
	8.99
	100
	47.14



Based on the results presented, we conclude the following on the coexistence for this scenario and case:
Proposal 7: The performance degradation for Urban Macro Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
3.2.2 Scenario 2: FR1 Urban Hotspot 
Figure 7 shows the victim UL SINR at 5th and 50th percentiles and the victim UL throughput at 5th percentile and average. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD UL or SBFD. At the 5th percentile, and due to the high ratio of indoor UEs, the UL SINR is lower than the minimum threshold for any of the considered cases and therefore the UL throughput is 0 as well. It is worth noting that for the case with SBFD aggressor and 10% grid offset, the victim BS receiver is completely blocked at 5th percentile. The bar corresponding to such case is not included for better illustration purposes since the bar goes out of the plot scale.
[image: ]
[bookmark: _Ref146623788]Figure 7. Comparison of UL SINR and UL throughput for Case 2 Urban Hotspot scenario 

In Table 7 we provide a performance summary for different aggressor BS antenna configurations and grid shifts. The main conclusion from  is that SBFD heavily degrades the TDD UL performance of the victim for any of the considered configurations. In many of the cases such degradation brings the victim UL throughput to 0 and therefore SBFD operation during TDD UL slots and symbols is not recommended.
[bookmark: _Ref146668197]Table 7. Performance summary for Case 2 Urban Hotspot scenario
	Scenario 2: FR1 Urban Hotspot
Case 2: TDD UL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	TDD UL
	N/A
	Option 2: TDD: 53 dBm
	Enabled, without sub-band filtering
	Option 2: TDD: 53 dBm
	0.08
	0.07
	NaN
	0.76

	10%
	
	
	N/A
	
	
	
	-0.37
	0.07
	NaN
	-0.31

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	12.08
	5.37
	NaN
	22.94

	10%
	
	
	Option 1 (same size)
	
	
	
	Receiver blocked
	11.24
	NaN
	45.78

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	20.89
	6.42
	NaN
	27.02

	10%
	
	
	Option 2 (same gain)
	
	
	
	Receiver blocked
	12.14
	NaN
	50.1



Based on the results presented, we conclude the following on the coexistence for this scenario and case:
[bookmark: _Hlk146691719]Proposal 8: The performance degradation for Urban Hotspot Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.

3.2.3 Scenario 4: FR1 UMa-to-UMi
Figure 8 shows the victim UL SINR at 5th and 50th percentiles and the victim UL throughput at 5th percentile and average for the cases where TDD UL and SBFD are the aggressors and for different grid shift offsets, i.e., 100% and 10% grid offsets. At the cell edge, and even without ACI, the UL SINR is very low, and the reported throughput is 0 for all the considered cases. It is worth mentioning that the shown configurations with SBFD as aggressor completely block the victim BS receiver at this percentile. On the average and comparing SBFD with TDD, we note SBFD reports the highest degradation, clearly showing the impact of the BS-to-BS ACI. This scenario assumes that the aggressor base stations are wide area base stations with very high power. On the comprising between the different grid offsets, we observe that 10% grid shift provides higher throughput than 100% grid shift. This is due to the differences in the elevation angle between the micro base station (victim) and the macro base station (aggressor) during the beamforming calculation. The fact that they are closer (10% grid shift) implies that the elevation angle is larger and the coupling loss between base stations higher.



[image: ]
[bookmark: _Ref146668850]Figure 8. Comparison of UL SINR and UL throughput at 5th and 50th percentiles for Case 2 UMa-UMi scenario

In Table 8 we provide a performance summary this case. The main conclusion is that SBFD degrades the TDD UL performance of the victim network much more than TDD UL. The trends shown in the figure above remain valid for SBFD with antenna configuration option 1.
[bookmark: _Ref146691903]Table 8. Performance summary for Case 2 UMa-to-UMi scenario
	Scenario 4: FR1 UMa-to-UMi
Case 2: TDD UL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	TDD UL
	N/A
	TDD: 46 dBm
	Enabled, without sub-band filtering
	TDD: 53 dBm
	0.37
	0.01
	NaN
	0.35

	10%
	
	
	N/A
	
	
	
	0
	0
	NaN
	0.04

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 2:
SBFD: 50 dBm
	14.45
	5.87
	NaN
	38.77

	10%
	
	
	Option 1 (same size)
	
	
	
	14.52
	1.33
	NaN
	10.49

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 53 dBm
	Receiver blocked
	8.26
	NaN
	48.77

	10%
	
	
	Option 2 (same gain)
	
	
	
	Receiver blocked
	1.4
	NaN
	13.03



Based on the results presented, we conclude the following on the coexistence for this scenario and case:
Proposal 9: The performance degradation for UMa-to-UMi Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.

3.2.4 Scenario 5: FR1 UMi-to-UMi
Figure 9 shows the victim UL SINR at 5th and 50th percentiles and the victim UL throughput at 5th percentile and average for different grid offset. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD UL or SBFD. The first aspect we observe is that even without adjacent channel interference, the UL SINR at the cell edge UEs is lower than the minimum UL SINR threshold to achieve any UL throughput. Our interpretation is that we are in a noise limited scenario at the 5th percentile in which the 10 dB BS noise figure plays an important role. Due to the lower BS transmit power, the difference in degradation between SBFD and TDD at 100% grid shift is not as large as previously reported for the urban macro or urban hotspot scenarios. However, if the victim and aggressor base stations get close enough, i.e., 10% grid shift, the degradation difference is larger. In fact, with 10% grid shift, the BS-to-BS ACI saturates the victim BS receiver and brings the 5th percentile and average UL throughput to 0 Mbps.
[image: ] 
[bookmark: _Ref142646987]Figure 9. Comparison of UL SINR and UL throughput for Case 2 UMi-to-UMi scenario 

In Table 9 we provide a performance summary this case. The main conclusion is that SBFD degrades the TDD UL performance of the victim much more than TDD UL. This is especially evident for the 10% grid offset for which TDD UL degrades the throughput around 1% while SBFD degrades it 40% approximately. 
[bookmark: _Ref146573734]Table 9. Performance summary for Case 2 UMi-to-UMi scenario
	Scenario 5: FR1 UMi-to-UMi
Case 2: TDD UL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct
	

	100%
	TDD UL
	TDD UL
	N/A
	TDD: 46 dBm
	Enabled
	TDD: 46 dBm
	0.03
	0.15
	NaN
	1.92
	

	10%
	
	
	N/A
	
	
	
	0.09
	0.06
	NaN
	1
	

	100%
	SBFD
	
	Same gain as TDD
	
	
	SBFD: 46 dBm
	0.98
	1.33
	NaN
	9.26
	

	10%
	
	
	Same gain as TDD
	
	
	
	Receiver blocked
	5.88
	NaN
	39.9
	



Based on the results shown above, we conclude the following proposals for this scenario and case:
Proposal 10: The performance degradation for UMi-to-UMi Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
3.2.5 Scenario 6: FR2-1 Urban Macro
Figure 10 shows the victim UL SINR at 5th and 50th percentiles and the victim UL throughput at 5th percentile and average for different grid offset. The figure includes cases with no adjacent channel interference (ACI), and when ACI is generated by TDD UL or SBFD. Here, the focus is on SBFD antenna configuration option 2 and BS transmit power option 1 (SBFD BS Tx power = 27 dBm). Looking at the results, we can conclude that the degradation is quite low for all the considered cases. The effect of the BS-to-BS ACI is visible at the 5th percentile but impact on the UL SINR is low. The same trends apply also for 10% grid shift. This behavior is different from the previous FR1 results. The reason is the high directional antennas for FR2-1 which directly points to the LOS direction of the serving UEs. This minimizes the BS-to-BS ACI and therefore the degradation is kept low.

[image: ]
[bookmark: _Ref146704478]Figure 10. Comparison of UL SINR and UL throughput for Case 1 Urban Macro FR2-1 scenario

Table 10 includes the coexistence performance summary for this case. The table includes different grid offsets and SBFD antenna configurations, and it highlights the throughput degradation values above 5%. From the table we conclude that TDD UL coexists well with both TDD UL and SBFD. The conclusion is valid for both types of antenna BS configuration and grid shifts.

[bookmark: _Ref146704438]Table 10. Performance summary for Case 2 Urban Macro FR2-1 scenario
	Scenario 6: FR2-1 Urban Macro
Case 2: TDD UL as victim

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	TDD UL
	N/A
	TDD: 30 dBm
	Enabled
	TDD: 30 dBm
	0.01
	0.01
	0.25
	0.09

	10%
	
	
	N/A
	
	
	
	0.02
	0.05
	0.27
	0.1

	100%
	SBFD
	
	Option 1 (same size)
	
	
	Option 1:
SBFD: 27 dBm
	0.37
	0.16
	7.02
	0.57

	10%
	
	
	Option 1 (same size)
	
	
	
	0.36
	0.51
	6.7
	1.74

	100%
	SBFD
	
	Option 2 (same gain)
	
	
	Option 2:
SBFD: 30 dBm
	0.36
	0.12
	6.9
	0.65

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.83
	0.54
	15.01
	1.92



Based on these results, we conclude the following for this scenario and case:
Proposal 11: The performance degradation for Urban Macro FR2-1 Case 2 is acceptable for both TDD DL and SBFD aggressor technologies.
3.3 Case 3 – SBFD as victim with TDD DL as aggressor
This set of results analyze the coexistence for the Case 3. We evaluate here the performance degradation of a network using SFBD while the aggressor network uses TDD DL or there is no adjacent channel interference. 
3.3.1 Scenario 1: FR1 Urban Macro
Figure 11 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. First, when coexisting with TDD DL, it is noted that the BS receiver is fully blocked at the 5th percentile due to the presence of strong BS-to-BS ACI generated at the TDD DL aggressor. Moreover, the UL SINR for any of the considered cases is below the minimum required UL SINR and therefore the UL throughput is 0. On the average, the BS-to-BS ACI clearly degrades the performance, and it is more noticeable as the distance between victim and aggressor base stations decreases, i.e., 10% grid offset. The trends are very similar regardless of which type of antenna configuration is adopted at the victim base stations. 
[image: ]
[bookmark: _Ref142657134]Figure 11. Comparison of UL SINR and UL throughput for Case 3 Urban Macro scenario

Table 11 includes the coexistence performance summary of SBFD in both DL and UL when TDD DL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. The table also includes the DL performance of SBFD when coexisting with TDD DL. For such case, we note that the degradation due to ACI is quite low for all the considered cases.
[bookmark: _Ref146692779]Table 11. Performance summary for Case 3 Urban Macro scenario
	Scenario 1: FR1 Urban Macro
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	SBFD DL
	Option 1 (same size)
	Option 2:
SBFD: 50 dBm
	Enabled, without sub-band filtering
	TDD: 53 dBm
	0.06
	0.06
	0.71
	0.53

	10%
	
	
	Option 1 (same size)
	
	
	
	0.04
	0.13
	0.52
	0.75

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	Receiver blocked
	2.75
	NaN
	17.92

	10%
	
	
	Option 1 (same size)
	
	
	
	Receiver blocked
	5.89
	NaN
	37.26

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 53 dBm
	
	
	0.1
	0.23
	1.03
	0.36

	10%
	
	
	Option 2 (same gain)
	
	
	
	0
	0.08
	0
	0.58

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	Receiver blocked
	2.79
	NaN
	16.79

	10%
	
	
	Option 2 (same gain)
	
	
	
	Receiver blocked
	5.85
	NaN
	35.28



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 12: The SBFD DL performance degradation for Urban Macro Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 13: The SBFD UL performance degradation for Urban Macro Case 3 is not acceptable when TDD DL is adopted in the aggressor network.
3.2.2 Scenario 2: FR1 Urban Hotspot
Figure 12 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. First, when coexisting with TDD DL, it is noted that the BS receiver is fully blocked at the 5th percentile due to the presence of strong BS-to-BS ACI generated at the TDD DL aggressor. Moreover, the UL SINR for any of the considered cases is below the minimum required UL SINR and therefore the UL throughput is 0. On the average, the BS-to-BS ACI clearly degrades the performance, and it is more noticeable as the distance between victim and aggressor base stations decreases, i.e., 10% grid offset. The trends are very similar regardless of which type of antenna configuration is adopted at the victim base stations.
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[bookmark: _Ref146695195]Figure 12. Comparison of UL SINR and UL throughput for Case 3 Urban Hotspot scenario

Table 12 includes the coexistence performance summary of SBFD in both DL and UL when TDD DL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. The table also includes the DL performance of SBFD when coexisting with TDD DL. For such case, we note that the degradation due to ACI is low for most the considered cases.
[bookmark: _Ref146695204]Table 12. Performance summary for Case 3 Urban Hotspot scenario
	Scenario 2: FR1 Urban Hotspot
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct
	

	100%
	TDD DL
	SBFD DL
	Option 1 (same size)
	Option 2:
SBFD: 50 dBm
	Enabled, without sub-band filtering
	TDD: 53 dBm
	0.33
	0.8
	NaN
	1.92
	

	10%
	
	
	Option 1 (same size)
	
	
	
	0.02
	0.38
	0.6
	1.2
	

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	Receiver blocked
	3.72
	NaN
	19.24
	

	10%
	
	
	Option 1 (same size)
	
	
	
	Receiver blocked
	7.32
	NaN
	38.77
	

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 53 dBm
	
	
	0.67
	0.41
	12.08
	1.61
	

	10%
	
	
	Option 2 (same gain)
	
	
	
	-0.18
	0.17
	-3.46
	0.33
	

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	Receiver blocked
	3.08
	NaN
	16.63
	

	10%
	
	
	Option 2 (same gain)
	
	
	
	Receiver blocked
	6.53
	NaN
	35.36
	



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 14: The SBFD DL performance degradation for Urban Hotspot Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 15: The SBFD UL performance degradation for Urban Hotspot Case 3 is not acceptable when TDD DL is adopted in the aggressor network.
3.2.3 Scenario 4: FR1 UMa-to-UMi
Figure 13 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. At the 5th percentile, the presence of TDD DL makes the victim BS receiver to be blocked for both antenna configurations and 100% grid shift. In this particular scenario, as explained previously, having a grid shift of 10% results in lower performance degradation due to high BS-to-BS path-loss. On the average, the performance degradation due to TDD DL interference is quite large and trends remain similar depending on the antenna configuration at the victim base stations.
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[bookmark: _Ref146744948]Figure 13. Comparison of UL SINR and UL throughput for Case 3 UMa-to-UMi scenario

Table 13 includes the coexistence performance of SBFD in both DL and UL when TDD DL acts as the aggressor network. The table includes different grid offsets and antenna configurations, and it highlights the throughput degradation values above 5%. From this table, we can conclude that the SBFD DL operation is impacted to a minor extent whereas the SBFD UL operation is heavily impacted by the TDD DL transmissions on the adjacent channel.
[bookmark: _Ref146744970]Table 13. Performance summary for Case 3 UMa-to-UMi scenario
	Scenario 4: FR1 UMa-to-UMi
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct
	

	100%
	TDD DL
	SBFD DL
	Option 1 (same size)
	Option 2:
SBFD: 50 dBm
	Enabled, without sub-band filtering
	Option 2: TDD: 53 dBm
	4.07
	0
	56.87
	1.32
	

	10%
	
	
	Option 1 (same size)
	
	
	
	0.2
	0.07
	3.93
	0.64
	

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	Receiver blocked
	7.22
	NaN
	44.47
	

	10%
	
	
	Option 1 (same size)
	
	
	
	7.84
	0.34
	-999
	4.46
	

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 53 dBm
	
	
	2.23
	0
	35.57
	1.04
	

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.5
	0.01
	9.39
	0.33
	

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	Receiver blocked
	7.32
	NaN
	44.24
	

	10%
	
	
	Option 2 (same gain)
	
	
	
	8.53
	0.4
	NaN
	4.32
	



Based on the results above, the following is proposed for this scenario and case:
Proposal 16: The SBFD DL performance degradation for UMa-to-UMi Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 17: The SBFD UL performance degradation for UMa-to-UMi Case 3 is not acceptable when TDD DL is adopted in the aggressor network.

3.3.4 Scenario 5: FR1 UMi-to-UMi
Figure 14 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. It is noted that the 5th UL SINR is lower than the minimum required UL SINR even without ACI. Consequently, the UL throughput at the 5th percentile is 0 for all the considered cases. Moreover, with 10% grid offset and TDD DL as aggressor, the victim BS receiver is blocked. The bar corresponding to 10% GS at the 5th percentile UL SINR is not included for illustration purposes. On the 50th percentile, the effect of the grid offset indicates that the power of the BS-to-BS CLI becomes higher with 10% grid shift and the average UL throughput is considerably degraded.
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[bookmark: _Ref146580611]Figure 14. Comparison of UL SINR and UL throughput for Case 3 UMi-to-UMi scenario

Table 14 includes the coexistence performance of SBFD in both DL and UL when TDD DL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. The first observation is that SBFD DL coexists well with TDD DL, which indicates that the BS-to-UE ACI is manageable. Moreover, the effect of the grid offset is minimum for victim SBFD DL. On the other hand, the BS-to-BS ACI becomes a problem when analyzing the UL SBFD performance while coexisting with TDD DL. The problem becomes more critical for 10% grid offset for which the UL SBFD throughput becomes 0 at 5th percentile and degrades above 25% on average.
[bookmark: _Ref146580284]Table 14. Performance summary for Case 3 UMi-to-UMi scenario
	Scenario 5: FR1 UMi-to-UMi
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	SBFD DL
	Same gain as TDD
	SBFD: 46 dBm
	Enabled
	46 dBm
	0.09
	0.05
	1.61
	0.26

	10%
	
	
	
	
	
	
	0.02
	0.09
	0.39
	0.26

	100%
	
	SBFD UL
	
	
	
	
	0.4
	0.57
	NaN
	3.91

	10%
	
	
	
	
	
	
	Receiver blocked
	2.75
	100
	28.51



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 18: The SBFD DL performance degradation for UMi-to-UMi Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 19: The SBFD UL performance degradation for UMi-to-UMi Case 3 is not acceptable when TDD DL is adopted in the aggressor network, at least for 10% grid shift.
3.3.5 Scenario 6: FR2-1 Urban Macro
Figure 15 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. Results include different grid offset, i.e., 100% and 10% grid offset. It can be noted that the degradation due to the presence of ACI generated at a TDD DL network is not impacting severely the UL throughput of SBFD. This indicates that the BS-to-BS ACI is not strong enough.
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[bookmark: _Ref146719432]Figure 15. Comparison of UL SINR and UL throughput for Case 3 Urban Macro FR2-1 scenario

Table 15 includes the coexistence performance of SBFD in both DL and UL when TDD DL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. The main conclusion is that the BS-to-BS ACI and the BS-to-UE ACI is not strong enough to cause severe degradation on the SBFD operation.
[bookmark: _Ref146719390]Table 15. Performance summary for Case 3 Urban Macro FR2-1 scenario
	Scenario 6: FR2-1 Urban Macro
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	SBFD DL
	Option 1 (same size)
	Option 1:
SBFD: 27 dBm
	Enabled
	TDD: 30 dBm
	0.03
	0.01
	0.28
	0.1

	10%
	
	
	Option 1 (same size)
	
	
	
	0.02
	0.04
	0.25
	0.14

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	0.07
	0.07
	1.39
	0.55

	10%
	
	
	Option 1 (same size)
	
	
	
	0.54
	0.22
	9.31
	1.57

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 30 dBm
	
	
	0.04
	0.06
	0.26
	0.07

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.02
	0.03
	0.14
	0.09

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	0.21
	0.04
	3.26
	0.45

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.68
	0.02
	10.1
	1.41




Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 20: The SBFD DL performance degradation for Urban Macro FR2-1 Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 21: The SBFD UL performance degradation for Urban Macro FR2-1 Case 3 is acceptable when TDD DL is adopted in the aggressor network.
3.4 Case 4 – SBFD as victim with TDD UL as aggressor
This set of results analyze the coexistence for the Case 4. We evaluate here the performance degradation of a network using SFBD while the aggressor network uses TDD UL or there is no adjacent channel interference. 
3.4.1 Scenario 1: FR1 Urban Macro
Figure 16 shows the DL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD UL. Results show that the degradation due to the presence of TDD UL is quite low for any of the considered cases. The trends are very similar for the 2 antenna BS configurations at the victim network. 
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[bookmark: _Ref146718832]Figure 16. Comparison of DL SINR and DL throughput for Case 4 Urban Macro scenario

Table 16 includes the coexistence performance of SBFD in both DL and UL when TDD UL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. On the SBFD UL performance, the effect of the TDD UL ACI is quite low and the performance of the victim network is barely affected. Thus, we can conclude that both the UE-to-BS and UE-to-UE ACI are low for this scenario.

[bookmark: _Ref146722949]Table 16. Performance summary for Case 3 Urban Macro scenario
	[bookmark: _Ref142658349]Scenario 6: FR2-1 Urban Macro
Case 3: SBFD as victim with TDD DL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD DL
	SBFD DL
	Option 1 (same size)
	Option 1:
SBFD: 27 dBm
	Enabled
	TDD: 30 dBm
	0.03
	0.01
	0.28
	0.1

	10%
	
	
	Option 1 (same size)
	
	
	
	0.02
	0.04
	0.25
	0.14

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	0.07
	0.07
	1.39
	0.55

	10%
	
	
	Option 1 (same size)
	
	
	
	0.54
	0.22
	9.31
	1.57

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 30 dBm
	
	
	0.04
	0.06
	0.26
	0.07

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.02
	0.03
	0.14
	0.09

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	0.21
	0.04
	3.26
	0.45

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.68
	0.02
	10.1
	1.41



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 22: The SBFD DL performance degradation for Urban Macro Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 23: The SBFD UL performance degradation for Urban Macro Case 4 is acceptable when TDD UL is adopted in the aggressor network.

3.2.2 Scenario 2: FR1 Urban Hotspot
Figure 17 shows the UL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD UL. Results show that the degradation due to the presence of TDD UL is quite low for any of the considered cases. The trends are very similar for the 2 antenna BS configurations at the victim network. 
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[bookmark: _Ref146718951]Figure 17. Comparison of DL SINR and DL throughput for Case 4 Urban Hotspot scenario

Table 17 includes the coexistence performance of SBFD in both DL and UL when TDD UL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%.
[bookmark: _Ref146722820]Table 17. Performance summary for Case 4 Urban Hotspot scenario
	Scenario 2: FR1 Urban Hotspot
Case 4: SBFD as victim with TDD UL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	SBFD DL
	Option 1 (same size)
	Option 2:
SBFD: 50 dBm
	Enabled, without sub-band filtering
	N/A
	1.4
	0.96
	NaN
	3.33

	10%
	
	
	Option 1 (same size)
	
	
	
	0.64
	0.62
	100
	3.06

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	-0.02
	0
	NaN
	0.18

	10%
	
	
	Option 1 (same size)
	
	
	
	0.26
	-0.29
	NaN
	-0.56

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 53 dBm
	
	
	1.84
	0.41
	30.28
	2.59

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.67
	0.33
	11.76
	1.86

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	0.71
	-0.07
	NaN
	0.05

	10%
	
	
	Option 2 (same gain)
	
	
	
	-0.53
	-0.01
	NaN
	-0.21



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 24: The SBFD DL performance degradation for Urban Hotspot Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 25: The SBFD UL performance degradation for Urban Hotspot Case 4 is acceptable when TDD UL is adopted in the aggressor network.

3.2.3 Scenario 4: FR1 UMa-to-UMi
Figure 18 shows the DL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD UL. At the average, the presence of TDD UL on the adjacent channel does not impose a major challenge for SBFD since the throughput is quite stable.
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[bookmark: _Ref146724371]Figure 18. Comparison of UL SINR and UL throughput for Case 4 UMa-to-UMi scenario

Table 18 includes the coexistence performance of SBFD in both DL and UL when TDD UL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. From the table we conclude that the SBFD operation is barely affected by the presence of an adjacent channel operating in TDD UL. The reasons for this are that the UE-to-BS for the SBFD UL and UE-to-UE ACI for the SBFD DL are quite low.


[bookmark: _Ref146744645][bookmark: _Ref146744641]Table 18. Performance summary for Case 4 UMa-to-UMi scenario
	Scenario 4: FR1 UMa-to-UMi
Case 4: SBFD as victim with TDD UL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	SBFD DL
	Option 1 (same size)
	Option 2:
SBFD: 50 dBm
	Enabled, without sub-band filtering
	N/A
	0
	0
	0
	0.03

	10%
	
	
	Option 1 (same size)
	
	
	
	0
	0
	0
	0.01

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	2.33
	0
	NaN
	0.54

	10%
	
	
	Option 1 (same size)
	
	
	
	0
	0
	NaN
	0.01

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 53 dBm
	
	
	0
	0
	0
	0.02

	10%
	
	
	Option 2 (same gain)
	
	
	
	0
	0
	0
	0

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	2.42
	0
	NaN
	0.53

	10%
	
	
	Option 2 (same gain)
	
	
	
	0
	0
	NaN
	0.01



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 26: The SBFD DL performance degradation for UMa-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 27: The SBFD UL performance degradation for UMa-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network, at least for 10% grid shift.

3.3.4 Scenario 5: FR1 UMi-to-UMi
Figure 19 shows the DL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD UL. Results show that the degradation due to the presence of TDD UL is quite low for any of the considered cases. The trends are very similar for the 2 antenna BS configurations at the victim network.
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[bookmark: _Ref146629262]Figure 19. Comparison of DL SINR and DL throughput for Case 4 UMi-to-UMi scenario

Table 19 includes the coexistence performance of SBFD in both DL and UL when TDD UL acts as the aggressor network. The table includes different grid offsets and highlights the throughput degradation values above 5%. From the table we conclude that the SBFD operation is barely affected by the presence of an adjacent channel operating in TDD UL. The reasons for this are that the UE-to-BS for the SBFD UL and UE-to-UE ACI for the SBFD DL are quite low.
[bookmark: _Ref146630882]Table 19. Performance summary for Case 4 UMi-to-UMi scenario
	Scenario 5: FR1 UMi-to-UMi
Case 4: SBFD as victim with TDD UL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	SBFD DL
	Same gain as TDD
	SBFD: 46 dBm
	Enabled
	46 dBm
	0
	0
	0.08
	0.07

	10%
	
	
	
	
	
	
	0.02
	0
	0.31
	0.06

	100%
	
	SBFD UL
	
	
	
	
	0.02
	0.01
	NaN
	0.38

	10%
	
	
	
	
	
	
	0
	0.02
	0
	0.22



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 28: The SBFD DL performance degradation for UMi-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 29: The SBFD UL performance degradation for UMi-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
3.3.5 Scenario 6: FR2-1 Urban Macro
Figure 20 shows the DL performance of SBFD when there is no aggressor network and when SBFD coexists with TDD DL. Results include different grid offset, i.e., 100% and 10% grid offset. It can be noted that the degradation due to the presence of ACI generated at a TDD UL network is not impacting severely the DL throughput of SBFD. This indicates that the UE-to-UE ACI is not strong enough.
[image: ]
[bookmark: _Ref146721282]Figure 20. Comparison of DL SINR and DL throughput for Case 4 Urban Macro FR2-1 scenario

Table 20 includes the coexistence performance of SBFD in both DL and UL when TDD UL acts as the aggressor network. The table includes different grid offsets and victim BS antenna configurations, and it highlights the throughput degradation values above 5%. The results indicates that the presence of TDD UL does not harm either the DL or UL performance of the victim SBFD network.

[bookmark: _Ref146720487]Table 20. Performance summary for Case 4 Urban Macro FR2-1 scenario
	Scenario 6: FR2-1 Urban Macro
Case 4: SBFD as victim with TDD UL as aggressor

	Grid offset
	Aggressor
	Victim
	SBFD Antenna configuration
	Victim BS Tx power
	Noise figure model
	Aggressor BS TX power
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	5th pct
	50th pct
	5th pct
	50th pct

	100%
	TDD UL
	SBFD DL
	Option 1 (same size)
	Option 1:
SBFD: 27 dBm
	Enabled
	N/A
	0.01
	0
	0.11
	0.02

	10%
	
	
	Option 1 (same size)
	
	
	
	0
	0.01
	0.05
	0.02

	100%
	
	SBFD UL
	Option 1 (same size)
	
	
	
	0
	0
	0
	0.02

	10%
	
	
	Option 1 (same size)
	
	
	
	0
	0.01
	0
	0.02

	100%
	
	SBFD DL
	Option 2 (same gain)
	Option 2:
SBFD: 30 dBm
	
	
	0.01
	0.01
	0.07
	0.01

	10%
	
	
	Option 2 (same gain)
	
	
	
	0.01
	0
	0.1
	0.01

	100%
	
	SBFD UL
	Option 2 (same gain)
	
	
	
	0
	0.01
	0
	0.02

	10%
	
	
	Option 2 (same gain)
	
	
	
	0
	0
	0
	0.01



Based on the results above, the following recommendations are proposed for this scenario and case:
Proposal 30: The SBFD DL performance degradation for Urban Macro FR2-1 Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 31: The SBFD UL performance degradation for Urban Macro FR2-1 Case 4 is acceptable when TDD UL is adopted in the aggressor network.

4. Conclusion
In this contribution the following observations and proposals were made:
Proposal 1: Consider the following update on the adjacent channel interference calculation for the input power of the blocking model:
· IACI is the sum of the adjacent channel interference from gNB transmitting on the DL channel in the aggressor network and the adjacent channel interference from UEs transmitting on the UL channel in the aggressor network. The interference level is calculated as:


Proposal 2: The performance degradation for Urban Macro Case 1 is acceptable for both TDD DL and SBFD aggressor technologies
Proposal 3: The performance degradation for Urban Hotspot Case 1 is not acceptable for SBFD due to the presence of UE-to-UE adjacent channel interference between UEs within the same cluster.
Proposal 4: The performance degradation for UMa-to-UMi Case 1 can be considered acceptable for both TDD DL and SBFD aggressor technologies.
Proposal 5: The performance degradation for UMi-to-UMi Case 1 is acceptable for both TDD DL and SBFD aggressor technologies.
Proposal 6: The performance degradation for Urban Macro FR2-1 Case 1 is acceptable for both TDD DL and SBFD
Proposal 7: The performance degradation for Urban Macro Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
Proposal 8: The performance degradation for Urban Hotspot Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
Proposal 9: The performance degradation for UMa-to-UMi Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
Proposal 10: The performance degradation for UMi-to-UMi Case 2 is not acceptable when SBFD is adopted at the aggressor network. Therefore, the operation on SBFD during TDD UL symbols/slots in the victim network is not recommended.
Proposal 11: The performance degradation for Urban Macro FR2-1 Case 2 is acceptable for both TDD DL and SBFD aggressor technologies.
Proposal 12: The SBFD DL performance degradation for Urban Macro Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 13: The SBFD UL performance degradation for Urban Macro Case 3 is not acceptable when TDD DL is adopted in the aggressor network.
Proposal 14: The SBFD DL performance degradation for Urban Hotspot Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 15: The SBFD UL performance degradation for Urban Hotspot Case 3 is not acceptable when TDD DL is adopted in the aggressor network.
Proposal 16: The SBFD DL performance degradation for UMa-to-UMi Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 17: The SBFD UL performance degradation for UMa-to-UMi Case 3 is not acceptable when TDD DL is adopted in the aggressor network.
Proposal 18: The SBFD DL performance degradation for UMi-to-UMi Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 19: The SBFD UL performance degradation for UMi-to-UMi Case 3 is not acceptable when TDD DL is adopted in the aggressor network, at least for 10% grid shift.
Proposal 20: The SBFD DL performance degradation for Urban Macro FR2-1 Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 21: The SBFD UL performance degradation for Urban Macro FR2-1 Case 3 is acceptable when TDD DL is adopted in the aggressor network.
Proposal 22: The SBFD DL performance degradation for Urban Macro Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 23: The SBFD UL performance degradation for Urban Macro Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 24: The SBFD DL performance degradation for Urban Hotspot Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 25: The SBFD UL performance degradation for Urban Hotspot Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 26: The SBFD DL performance degradation for UMa-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 27: The SBFD UL performance degradation for UMa-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network, at least for 10% grid shift.
Proposal 28: The SBFD DL performance degradation for UMi-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 29: The SBFD UL performance degradation for UMi-to-UMi Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 30: The SBFD DL performance degradation for Urban Macro FR2-1 Case 4 is acceptable when TDD UL is adopted in the aggressor network.
Proposal 31: The SBFD UL performance degradation for Urban Macro FR2-1 Case 4 is acceptable when TDD UL is adopted in the aggressor network.
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