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1. Introduction
At the last RAN4 meeting (RAN4#104-bis-E) coexistence simulation assumptions including models and parameter values relevant for Sub-Band Full Duplex (SBFD) adjacent channel coexistence evaluation was discussed extensively. The outcome from the discussion is captured in a way-forward contribution in [2]. It can be noticed that multiple options exist for many parameters and also on how to model certain aspects. 
Last meeting, we presented initial simulation results in [1]. In that contribution we focused on a carrier configuration for SBFD where UL is multiplexed only in DL slots, and an SBFD operator would maintain the UL slots synchronized to those of a legacy operator. With this configuration we concluded the following: 
1. When STDD operator is the victim, its DL performance can be impacted by UE-to-UE CLI (Cross Link Interference) generated by a neighbour SBFD operator who is transmitting UL in UL sub-bands in DL slots. However, with current assumptions, we showed that this impact is marginal and the dominating source interference for the STDD operator is the co-channel internal intercell interference of the STDD network. 

2. When SBFD operator is the victim, the UL sub-band is desensitized due to CLI generated by the same SBFD network in the DL sub-bands. When the resource utilization is high, as it is the case with full buffer traffic, the CLI generated internally by the SBFD network is so high that the UL sub-band is hardly used for transmission and is difficult to evaluate the impact of the CLI generated by the DL of STDD operator. For this reason, in previous contribution we proposed that different levels of resource utilization should be also studied, to clearly capture the impact of interference generated by neighbour operators. 
Following this reasoning, in this contribution we progress in our study with the following approach: 
1. We consider three levels of resource utilization, low, medium and high. The high level of resource utilization corresponds to the full buffer with 100% utilization agreed in the assumptions. 

2. We set the same load levels in the two operators, and we reach to similar conclusions as in previous meeting. 

3. On top of the XXXXU carrier configuration, where X indicate an SBFD slot, we also study the XXXXX where SBFD is not synchronized to the UL slot of the legacy, and we evaluate the impact also on UL performance of the STDD operator, from DL sub-bands of the SBFD operator. 

4. We test uneven load levels in the two operators to reduce the internal interference in the victim network. Specifically, we keep the resource utilization of the victim network at 10%, so that the internal interference does not jeopardize the performance and we focus on the impact from the other operator. The traffic load from the other operator is swept across the different levels that we propose, to have a clear understanding of the inter-operator CLI behaviour. 






2. Discussion
In this study RAN4 is tasked to evaluate adjacent channel coexistence between legacy static TDD (STDD) network and an SBFD network. The planned coexistence evaluation considers the impact on a victim static STDD network when a SBFD network is deployed in the same geographical area and vice versa. 
The SBFD duplex aggressor network is configured at adjacent channel with respect to the STDD victim network. The details related to used parameters and models are captured in [1] and in the Annex of the present contribution. 

2.1 Resource utilization and traffic load
To fix the appropriate traffic load level for the coexistence study, it should be reminded that, differently from legacy technologies, SBFD does not have the same amount of radio resources in UL and DL as a legacy STDD system. Due to that, the approach we follow is to fix a certain offered traffic level that results in certain resource utilization in a STDD network. This resource utilization will be our reference. We offer then the same traffic to an SBFD network, but since in this case we have shifted radio resources from DL to UL, in order to generate an UL sub-band multiplexed in DL slots, DL resource utilization in SBFD will normally be higher than the reference one in STDD, while the UL one will be lower.
In this contribution we focus on three reference cases with different Resource Utilization allocation levels:
· Low load: Resource Utilization in STDD legacy network is 30%

· Medium load: Resource Utilization in STDD legacy network is 60%

· High load: Resource Utilization in STDD legacy network is 100% (full buffer case)
Notice that in previous contribution the load level was higher than the medium load and lower than the higher as indicated above, specifically around 70-80% in STDD network, and reaching closer to full buffer condition in SBFD.
Observation 1: Resource Utilization highly impacts the generated CLI and consequently the system performance. In order to draw meaningful conclusions, it is important to select interesting load operational points that allow to capture the impact of interference generated by a neighbour operator.

2.2 Simulation assumptions
Our simulation assumptions have been widely discussed in [1]. The focus is on an urban macro deployment with three-sectorized BSs and FR1 (4 GHz). In the following we underline some important aspects:

2.2.1 Network grid shift
The separation in terms of network grid shift is defined as a percentage value. To capture different scenarios where operators have separate site grids with large separation to where operator are sharing site infrastructure the following configurations are relevant:
1. 100% would be relevant for the case where two networks using separate site infrastructure separated with maximum distance is considered. This is a very specialized situation in which two operators manage to co-ordinate and place their BS sites at the maximum possible distance form one another. This is not a realistic scenario for SBFD evaluation where BS-to-BS interference is of great interest.

2. 10% is representative of a situation in which the BSs are not co-located, but the operators cannot co-ordinate to the extent that their BSs are always at maximum distance from one another.
 
3. 0% is co-location; the simulations will show the impact of activity in the other network on co-existence.
We believe 0% and 10% grid shift correspond to realistic assumptions, and so should be prioritized compared to grid shift 100%. In this specific contribution we will focus on grid shift 10%.
Proposal 1: For SBFD coexistence simulations use grid shift 0% and 10%, because they are more representative of realistic deployments.

2.2.2 Indoor/Outdoor UE ratio
TR 38.828 considers 20% indoor and 80% outdoor UEs. However, since SBFD technology is expected to be of interest for indoor scenarios, we believe that the UE ratio 80% indoor and 20% outdoor would be of higher interest for the case of FR1.
Proposal 2: Consider 80% indoor and 20% outdoor to represent scenarios of interest to SBFD technology.

2.2.3 BS antenna model and parameters 
For SBFD, isolation between transmitter and receiver is essential. Splitting the antenna in a transmitter antenna and a receiver antenna separated by an isolator can improve isolation. The array configuration in terms of array geometry can also be selected to improve isolation, e.g., by considering narrow element patterns using a vertical sub-array structure, TX-to-RX isolation can be increased.
In realistic deployments vertical sub-arrays are used in base station antennas, so that they should be considered also for SBFD antennas. For this purpose, we propose to use the extended array antenna model in TR 38.803, subclause 5.2.3.2.4. In addition, we propose that two different antenna configurations are considered: 
1. “same gain”: which would relate to a SBFD capable base station keeping the antenna gain for transmitter and receiver equal to the traditional TDD base station. The physical size will be more than twice as large as the reference TDD system, due to the antenna separation to achieve isolation between transmitter and receiver.

2. “same area”: which would relate to a SBFD capable base station where the physical antenna area is divided in half to account for isolation between transmitter and receiver. This would lead to 3 dB less antenna gain compared to the TDD reference system and 3 dB less power capability.
Proposal 3: To use the extended array antenna model in TR 38.803, subclause 5.2.3.2.4, and compared performance obtained with “same gain” and “same area” antenna configurations.

2.2.4 BS-to-BS LoS model
In previous RAN4 meeting, multiple options for pathloss models were agreed in [2]. In RAN1 consensus was reached to use the following Line of Sight (LOS) probability for BS-to-BS links:
For LOS probability of gNB-gNB channel,
· For Macro-gNB-to-Macro-gNB case
· Option 3: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
· X = 0.75
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.901
Proposal 4: To follow the agreement already reached by RAN1 with respect to the BS-to-BS LOS probability: If the 2D distance between two Macro BSs is less than or equal to the ISD (Inter-site Distance), so the LOS probability to 75%; otherwise, reuse BS-to-UE LOS probability from TR 38.901.



2.2.5 Intra and inter-network isolation 
The considered ACIR (between adjacent channels of different operators, and adjacent sub-bands of the same SBFD operator), and isolation values are reported in the following Table 2.2.5-1. Considered ACIR values are based on available assumptions and TR 38.828. For the purpose of this simulation, we assume 1 dB sensitivity degradation due to self-interference from DL transmissions. Aspects related to feasibility of 1 dB sensitivity degradation is discussed in a companion contribution [3]. 
Table 2.2.5-1: Intra and Inter network ACIR and isolation values
	

	Parameter
	Value
(dB)

	Intra-network isolation values

	Front-to-back ratio 
(3-sector)
	60

	
	UE-UE SBFD operator
	28

	
	BS-BS SBFD operator
	42

	Inter-network isolation values
	BS-UE (adjacent channel)
	33

	
	UE-BS (adjacent channel)
	30



2.2.6 Carrier configuration 
In this paper we evaluate coexistence of STDD with SBFD considering two different carrier configurations. The first one assumes the SBFD slots (indicated by X) are only configured in DL slots; the UL slots are kept synchronized to those of the legacy networks. This configuration is depicted in Figure 2.2.6-1. As a result, the STDD operator considers a pattern DDDSU and the SBFD operator XXXXU.
[image: ]
Figure 2.2.6-1: Carrier configuration for SBFD and STDD carrier
The second configuration considers that SBFD (X) slots can be also configured in UL slots, as depicted in Figure 2.2.6-2. In this case, the pattern of SBFD operator is XXXXX. We will refer in the following to this configuration as “SBFD-only” to distinguish this from the SBFD one depicted in Figure 2.2.6-2.
[image: ]
Figure 2.2.6-2: Carrier configuration for SBFD-only and STDD carrier

3. Results
The simulation results are organized in two subsections. In subsection 3.1 we focus on evaluating the impact on a victim legacy STDD network from another STDD or SBFD network; in subsection 3.2 we focus instead on evaluating the performance of a SBFD network when it is affected or not by ACI (Adjacent Channel Interference) from a legacy neighbour STDD operator. 
Results are presented as mean user throughput and 5%-tile throughput, for DL and UL. Without loss of generality, the focus of the following discussion is on network grid shift 10%, which we consider as a realistic setup. 

3.1 STDD in the victim network
In this subsection we show performance results of an STDD network when coexisting with STDD, SBFD and SBFD only. We present two different simulation campaigns:
1. Offered traffic is the same to both operators/networks. The offered traffic is dimensioned in order to achieve Resource Utilization of 30%, 60% and 100% in STDD network.

2. Offered traffic is uneven between the two operators/networks. In the victim (STDD) network (N2) the offered traffic is dimensioned to achieve 10% Resource Utilization, while the traffic of N1 (STDD or SBFD) sweeps across 30%, 60% and 100% values for Resource Utilization.

3.1.1 Same offered traffic load in both networks 
In this subsection we present results for same offered traffic in victim and aggressor networks. The victim network is N2, STDD, and the aggressor network is N1, which can be STDD/SBFD/SBFD-only.
The results will be presented as bars in a common figure as described below:
1. The baseline for legacy STDD networks, i.e., the coexistence between two STDD networks, is plotted in blue colour bar.
2. The impact on victim STDD network from SBFD network with same antenna gain is plotted in orange colour bar.
3. The impact on victim STDD network from SBFD network, considering SBFD-only carrier configuration, with same antenna gain is plotted in green colour bar.
Mean user throughput results, for both DL and UL are plotted in Figure 3.1.1-1 for uniform UE distribution and in Figure 3.1.1-2 for clustered UE distribution. 5%tile user throughput results, for DL and UL are plotted in Figure 3.1.1-3 for uniform UE distribution and in Figure 3.1.1-4 for clustered UE distribution.
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Figure 3.1.1-1: DL and UL Mean user throughput for uniform UE distribution (STDD as the victim, equal offered traffic in two networks)
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Figure 3.1.1-2: DL and UL Mean user throughput for clustered UE distribution (STDD as the victim, equal offered traffic in two networks)
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Figure 3.1.1-3: DL and UL 5%tile user throughput for uniform UE distribution (STDD as the victim, equal offered traffic in two networks)
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Figure 3.1.1-4: DL and UL 5%tile user throughput for clustered UE distribution (STDD as the victim, equal offered traffic in two networks)
From DL performance of STDD operator (N2), when coexisting with an N1 STDD (blue), or SBFD (orange), or SBFD-only (green), it can be observed that independently of the user’s distribution in the scenario, the impact of UL traffic transmitted over the SBFD UL sub-band is not significant. Specifically, the performance of the STDD victim N2 is not affected by the coexistence with another SBFD network. Analysing the behaviour of the different sources of interference that contribute to the SINR (Signal to Interference and Noise Ratio), the dominating interference source is the inter-cell co-channel. The resulting DL SINR and consequently the DL user throughput, may oscillate depending on the position of the clusters, on the clustering of UEs (closer UEs generate higher inter-cell interference), the power of the received signal (which may be impacted by the clustering), the higher power spectral density of DL SBFD, (which distributes the same transmission power as STDD over a smaller number of resource blocks, compared to STDD), and finally the antenna configuration (the same antenna area configuration generates less DL inter-cell and adjacent channel interference, as we showed in previous contribution [1]). Notice that STDD DL performance at high load (full buffer with Resource Utilization=100%), the intercell interference is so high that the performance is very low compared to other cases and is hardly visible in comparison to the other cases in the figure. The mean user throughput is not zero, but below 5 Mbps. The 5%tile throughput in this case is 0. 
From the analysis of UL performance, we can evaluate the benefit of maintaining the UL slot of legacy STDD protected by an UL slot in SBFD carrier configuration. We observe from Figures 3.1-1-3.1.1-4 that when STDD coexists with an SBFD operator where SBFD slots are only configured in DL slots, the UL performance of STDD is preserved. On the other hand, when SBFD-only is considered, the DL sub-band transmissions generate BS-to-BS interference towards the STDD operator, which significantly reduces its UL performance. For both uniform and clustered UE distributions, we observe approximately 65% mean user throughput loss at low load and 88% at medium load. For high load/full buffer case the UL throughput is 0.
Observation 2: It is essential to consider an SBFD carrier configuration where only DL slots are eligible for SBFD configuration. The transmission of DL sub-bands in UL slots seriously impacts the legacy STDD UL performance due to the presence of BS-to-BS CLI.

3.1.2 Uneven offered traffic load in victim and aggressor networks 
In this subsection we discuss results when the victim N2 network is offered a low traffic load (Resource Utilization=10%) and the traffic is swept on the aggressor network N1, which can be STDD or SBFD. We focus only on DL traffic, comparing the impact of two antenna configurations, “same gain” and “same area”. 
The results will be presented as bars in a common figure as described below:
1. The baseline for legacy STDD networks, i.e., the coexistence between two STDD networks, is plotted in blue colour bar.
2. The impact on victim STDD network from SBFD network with same antenna gain is plotted in orange colour bar.
3. The impact on victim STDD network from SBFD network, with same antenna area is plotted in green colour bar.
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Figure 3.1.2-1: DL Mean and 5%tile user throughput for uniform UE distribution (STDD as the victim, uneven offered traffic in two networks)
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Figure 3.1.2-2: DL Mean and 5%tile user throughput for clustered UE distribution (STDD as the victim, uneven offered traffic in two networks)
From this additional experiment, it can be further concluded that UE-to-UE CLI impact over DL of STDD is marginal, independently of the UE distribution or the antenna configuration. The mean user throughput loss for both UE distributions is below 1% for all load points and the 5%tile throughput loss is below 2% 
Observation 3: The UE-to-UE CLI impact on STDD DL throughput performance is marginal and the dominating source of interference is the internal co-channel interference.








3.2 SBFD is the victim network
We analyse the performance of N1 SBFD/SBFD-only coexisting with a N2 STDD operator. 

3.2.1 Same offered traffic load in both networks
In the following figures 4 cases are compared:
1. The performance of an isolated SBFD network deployment, considering a same gain antenna configuration, and not affected by ACI, is plotted in blue colour bar.
2. The impact on victim SBFD network from an STDD neighbour network, with same gain antenna configuration, is plotted in orange colour bar.
3. The performance of an isolated SBFD-only network deployment, considering an XXXXX carrier configuration, and not affected by ACI is plotted in green bar.
4. The impact on victim SBFD-only network from an STDD neighbour network, considering XXXXX carrier configuration, is plotted in light blue colour bar.
Mean user throughput results, for both DL and UL are plotted in Figure 3.2.1-1 for uniform UE distribution and in Figure 3.2.1-2 for clustered UE distribution, and 10% network grid shift. 5%tile user throughput results, for both DL and UL are plotted in Figure 3.2.1-3 for uniform UE distribution and in Figure 3.2.1-4 for clustered UE distribution, and 10% network grid shift.
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Figure 3.2.1-1: DL and UL Mean user throughput for uniform UE distribution (SBFD as the victim, equal offered traffic in two networks)
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Figure 3.2-2: DL and UL Mean user throughput for clustered UE distribution (SBFD as the victim, equal offered traffic in two networks)
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Figure 3.2.1-3: DL and UL 5%tile user throughput for uniform UE distribution (SBFD as the victim, equal offered traffic in two networks)
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Figure 3.2.1-4: DL and UL 5%tile user throughput for clustered UE distribution (SBFD as the victim, equal offered traffic in two networks)
From the analysis of results plotted in Figures 3.2.1-1 to 3.2.1-4, it can be observed that: DL SBFD-only offers better performance than SBFD, since more resources are made available to DL, at the expense of UL resources. SBFD-only UL performance are extremely low due to BS-to-BS CLI generated by the STDD operator and by the same SBFD-only network. On the other hand, in case of SBFD network, the UL performance is guaranteed by the UL slot synchronized to the legacy STDD UL slot, which is not affected by CLI. At medium and high load UL SBFD-only does not perform, and so the 5%tile throughput. This result confirms the previous observation 3 about the importance of maintaining and UL slot protected by intra and inter-operator CLI
Observation 4: It is essential to maintain an UL slot protected from interference in order to guarantee UL traffic in both STDD and SBFD networks. Configuring SBFD also in UL slots generates BS-to-BS interference against the legacy STDD UL and additional internal BS-to-BS CLI inside the SBFD network where UL performance is not guaranteed through an UL slot, as in turn would happen for a XXXXU carrier configuration.
From the analysis of SBFD coexistence results, it can be observed an impact of ACI over UL SBFD performance when comparing the performance of the isolated SBFD deployments (blue bar) to the coexisting SBFD deployment (orange bar). The reduction in performance is observed at low load when the SBFD intra-network BS-to-BS CLI is not so high, and consequently we observe an impact of the inter-network BS-to-BS CLI generated by the aggressor STDD operator. At medium load the CLI is already quite high, and interference generated towards the UL sub-band of SBFD network is so high that those UL resources are hardly usable for transmission. This results in the performance of SBFD UL to become assimilable to that of an STDD UL where only UL resources in the pure UL slot are available for transmission. At high load the UL performance is equivalent to that of an UL STDD operating at full buffer (100% Resource Utilization). In this case, 5%tile throughput is 0. In terms of throughout loss due to ACI, it can be observed a mean user throughout loss of 11% and 3.5%, respectively for low and medium load. The SBFD throughput loss gets gradually reduced while increasing the load, because the impact of the internal interference becomes so high that it becomes increasingly difficult to observe the impact of the aggressor operator. For this reason, we propose to consider uneven traffic distribution, in the two networks, which is discussed in the following subsection.
Observation 5: When the load in the SBFD network is low, the SBFD network performs properly as the internal BS-to-BS CLI is not so high. In this case, it is possible to appreciate an impact of ACI due to BS-to-BS interference from the DL of STDD operator. This impact represents an 11% of mean user throughput loss.
Observation 6: When the load gets higher and the resource utilization is at 60% or higher, the performance of UL SBFD is equivalent to that of an STDD legacy operator, because the UL sub-band is desensitised due to the excessive CLI, and consequently those UL resources are hardly useful for transmission. In this case the SBFD network does not operate properly, and it is difficult to evaluate the impact of a neighbour operator on the performance.
Observation 7: The SBFD throughput loss caused by ACI gradually reduces as the load increases, because the impact of the interference internal to SBFD becomes so high that it becomes increasingly difficult to appreciate the impact from the STDD operator.
Proposal 5: To evaluate the impact of an aggressor network over an SBFD network, the SBFD has to operate properly and consequently its load should not be so high to generate excessive internal CLI.

3.2.2 Uneven offered traffic load in victim and aggressor networks
In this subsection we evaluate the performance of a victim SBFD network when the aggressor is STDD and when the offered load to the SBFD network is low, while that on the aggressor network varies.
In the following figures 4 cases are compared:
1. The performance of an isolated SBFD network deployment, considering a same gain antenna configuration, and not affected by ACI, is plotted in blue colour bar.

2. The impact on victim SBFD network from an STDD neighbour network, with same gain antenna configuration, is plotted in orange colour bar.

3. The performance of an isolated SBFD network deployment, with same area antenna configuration, and not affected by ACI is plotted in green bar.
4. 
The impact on victim SBFD network from an STDD neighbour network, with same area antenna configuration, is plotted in light blue colour bar.
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Figure 3.2.2-1: UL Mean and 5%tile user throughput for uniform UE distribution (SBFD as the victim, uneven offered traffic in two networks)
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Figure 3.2.2-2: UL Mean and 5%tile user throughput for clustered UE distribution (SBFD as the victim, uneven offered traffic in two networks)
From Figures 3.2.2-1 and 3.2.2-2, it can be observed that the SBFD network operating at low load performs properly for both cases of same antenna gain and area, when the deployments are isolated (blue and green bars). When ACI is present, a clear hard impact of ACI from DL of STDD can be observed in the UL performance of SBFD. This impact leads to mean user throughout loss of values of approximately 24%, 36% and 42% for low, medium, and high load in the aggressor network, respectively. 5%tile throughout loss reaches values of around 73%.
Observation 8: When the load in the SBFD is low, the impact from the other STDD operator, from STDD DL to SBFD UL performance is evident and reaches very high values, which increase with the load in the STDD operator.
When the load in the aggressor network is medium or high, the performance of UL SBFD gets closer and equal, respectively, to that of a STDD network, due to the poor performance in SBFD UL sub-band. When considering the same area antenna configuration, the UL performance when the load in the other operator is high, can be even lower than that of STDD, due to the loss in beamforming capability, compared to the STDD antenna.
Observation 9: When the load in the aggressor operator is medium or high, the performance of the UL SBFD are comparable to those of STDD UL, the expected gain offered by SBFD is lost, and when the antenna configuration maintains the same area as the STDD antenna, the UL performance of SBFD can get to be even lower than STDD, due to the loss in beamforming capability, in favour of self-interference isolation.


















4. Conclusion
Based on initial simulation results provided to last meeting and additional simulation results presented this meeting it can be concluded that the interference situation depends on aspects related to traffic load, BS-to-BS CLI, BS self-interference and BS 3-sector leakage. To fully understand the interference mechanism, it may be necessary to run simulations assuming some additional network configurations. In this contribution we have provided some results for additional network configurations with the intention to increase the understanding of the coexistence situation if SBFD network is deployed as neighbouring network to existing networks.  
Based on available simulation results we have made following observations: 
Observation 1: Resource Utilization highly impacts the generated CLI and consequently the system performance. In order to draw meaningful conclusions, it is important to select interesting load operational points that allow to capture the impact of interference generated by a neighbour operator.
Observation 2: It is essential to consider an SBFD carrier configuration where only DL slots are eligible for SBFD configuration. The transmission of DL sub-bands in UL slots seriously impacts the legacy STDD UL performance due to the presence of BS-to-BS CLI.
Observation 3: The UE-to-UE CLI impact on STDD DL throughput performance is marginal and the dominating source of interference is the internal co-channel also when the resource utilization is low.
Observation 4: It is essential to maintain an UL slot protected from interference in order to guarantee UL traffic in both STDD and SBFD networks. Configuring SBFD also in UL slots generates BS-to-BS interference against the legacy STDD UL and additional internal BS-to-BS CLI inside the SBFD network where UL performance is not guaranteed through an UL slot, as in turn would happen for a XXXXU carrier configuration.
Observation 5: When the load in the SBFD network is low, the SBFD network performs properly as the internal BS-to-BS CLI is not so high. In this case, it is possible to appreciate an impact of ACI due to BS-to-BS interference from the DL of STDD operator. This impact represents an 11% of mean user throughput loss.
Observation 6: When the load gets higher and the resource utilization is at 60% or higher, the performance of UL SBFD is equivalent to that of an STDD legacy operator, because the UL sub-band is desensitised due to the excessive CLI, and consequently those UL resources are hardly useful for transmission. In this case the SBFD network does not operate properly, and it is difficult to evaluate the impact of a neighbour operator on the performance.
Observation 7: The SBFD throughput loss caused by ACI gradually reduces as the load increases, because the impact of the interference internal to SBFD becomes so high that it becomes increasingly difficult to appreciate the impact from the STDD operator.
Observation 8: When the load in the SBFD is low, the impact from the other STDD operator, from STDD DL to SBFD UL performance is evident and reaches very high values, which increase with the load in the STDD operator.
Observation 9: When the load in the aggressor operator is medium or high, the performance of the UL SBFD is comparable to those of STDD UL, the expected gain offered by SBFD is lost, and when the antenna configuration maintains the same area as the STDD antenna, the UL performance of SBFD can get to be even lower than STDD, due to the loss in beamforming capability, in favour of self-interference isolation.
To progress the work in the study item the following proposals are presented for approval:
Proposal 1: For SBFD coexistence simulations use grid shift 0% and 10%, because they are more representative of realistic deployments.
Proposal 2: Consider 80% indoor and 20% outdoor to represent scenarios of interest to SBFD technology.
Proposal 3: To use the extended array antenna model in TR 38.803, subclause 5.2.3.2.4, and compared performance obtained with “same gain” and “same area” antenna configurations.
Proposal 4: To follow the agreement already reached by RAN1 with respect to the BS-to-BS LOS probability: If the 2D distance between two Macro BSs is less than or equal to the ISD (Inter-site Distance), so the LOS probability to 75%; otherwise, reuse BS-to-UE LOS probability from TR 38.901.
Proposal 5: To evaluate the impact of an aggressor network over an SBFD network, the SBFD has to operate properly and consequently its load should not be so high to generate excessive internal CLI.
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6. Annex: Parameters
In Table 6-1, parameters considered for simulation campaign relevant for urban macro scenario is listed. 
Table 6-1: Urban Macro scenario
	 
	Parameters
	Scenario

	  System parameters
	Scenario
	UMa, Hexagonal layout, 7 BS per operator, 3 sectors per site, with wrapping

	
	ISD
	500 m

	
	Carrier Frequency
	4 GHz

	
	Duplex Type
	Static TDD (DDDDU and DUDDU), SBFD (XXXXU), SBFD-only (XXXXX)

	
	Base Static TDD pattern
	80:20 DL:UL

	
	SBFD pattern
	80:20 SBFD slot:UL

	
	Channel bandwidth
	100 MHz for STDD
40:20:40 MHz (DUD) for SBFD

	
	Available resource blocks
	273 for STDD
106:51:106 (DUD) for SBFD

	
	Switching time
	DL->UL: 2OS in the D slot
  SBFD->UL: 2OS in the SBFD slot

	
	Sub-Carrier spacing
	30 kHz 

	
	Number of active UEs
	4000

	
	Channel model
	gNB-UE: UMa
gNB-gNB: UMa with 75% LoS if 2D<ISD
UE-UE: UMi

	
	UE to BS min 2D distance
	35 m

	
	Gridshift
	10%

	BS
	(Mg, Ng, M, N, P), where M, N indicate sub-array number
	(1,1,4,8,2) (same antenna gain)
  (1,1,4,4,2) (same antenna area)

	
	Sub-array configuration
	3x1

	
	Max gNB Tx Power 
(per polarization)
	49 dBm (same antenna gain)
 46 dBm (same antenna area)

	
	(dv, dh)
	(0.7λ, 0.5λ)

	
	Antenna element gain
	6.4 dBi

	
	Antenna element and sub-array model
	R4-2109872, Table 1-2: Macro urban

	
	Subarray electrical downtilt
	3 deg

	
	Mechanical downtilt
	6 deg

	
	Beamforming method
	Frequency domain

	
	Noise figure
	5 dB

	
	Max modulation
	256 QAM

	
	BS height
	25 m

	
	Panel HW assumptions
	Same antenna gain, same antenna area

	 UE
	UE antenna
	1TX 2RX

	
	Antenna model
	isotropic

	
	Antenna element gain
	0 dBi

	
	Max UE TX Power
	23 dBm

	
	UE power control
	Sec. 9.1 TR36.942

	
	SNR target
	15 dB

	
	Noise figure
	9 dB

	
	Max modulation
	64 QAM

	
	UE distribution outdoor:indoor
	20:80 

	
	Buildings
	One 120x50 m building per cell placed randomly
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