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1. Introduction
At the last RAN4 meeting (RAN4#106 in Athens) simulation results related to calibration assumption was collected and compared. In the following discussion some simulation assumptions were changed. The outcome is documented in a way forward contribution in [1].   
In this contribution we provide additional simulation results based on previously agreed assumptions and with more realistic assumptions looking beyond previously defined optimistic calibration assumption considering realistic network deployments and BS implementations aspects. The simulation result shows some interesting aspects to consider for adjacent operation between STDD and SBFD adjacent networks. The results have been summarised in the conclusion as observations. In conjunction, some proposals are presented for approval to progress the work.   

2. Discussion
This contribution discusses coexistence results between SBFD and Static TDD (STDD) technologies. The considered scenario is based on two operators deploying SBFD or STDD technologies depending on the evaluation case to analyse. The followed methodology is the one agreed for the calibration campaigns, and in Table 2-1. 
Table 2-1 describes the coexistence evaluation cases. Each case is defined by an aggressor network, a victim network, and a baseline aggressor. The present study is organized in two main parts: 
1) STDD as a victim: STDD network is the victim and its uplink (UL), and downlink (DL) performance are evaluated when it coexists with an SBFD network. The performance, in presence of Adjacent Channel Interference (ACI), is evaluated against a baseline configuration where the STDD network coexists with another STDD network.
2) SBFD as a victim: SBFD network is the victim, and its UL and DL performance are evaluated when it coexists with a STDD network (DL/UL). The performance, in presence of ACI is evaluated against a baseline configuration where ACI is not considered.
The table defines priority among the coexistence evaluation cases.
· Cases 1 and 2 are expected to evaluate the impact of an SBFD network on DL STDD, so this scenario should capture the impact of UE-UE Cross Link Interference (CLI). UE-UE interference is expected to have a reduced impact in network performance, compared to the most disrupting BS-BS interference. The reason is that to generate harmful interference two UEs should fulfil the following conditions: 1) to be at reduced distances; 2) to be scheduled at the same time in different links, one in UL and one in DL. As a result of that, to better evaluate this effect, clustered scenarios, where UEs of different operators are concentrated in certain areas, should be considered to expose UE-UE CLI issues.

Observation 1: Coexistence cases 1 and 2 are expected to evaluate the impact of UE-UE CLI on legacy operator. For this reason, they have to be evaluated in scenarios where UE-UE issues are exposed and not hidden. Uniform distribution of users reduces the impact of UE-UE issues and is at risk of hiding potential UE-UE issues. 

Proposal 1: To include in the evaluation clustered scenarios where UEs of different operators happen to be at reduced distance among each other, in the same cluster area. A similar cluster model to the one that has been defined in RAN1 can be considered for evaluation in RAN4, especially in scenarios where the DL is the victim in the evaluations.
· Cases 3 and 4 are expected to evaluate the impact of an SBFD network on UL STDD. If in coincidence with UL slots/symbols of legacy STDD the synchronisation is not maintained and SBFD slots/symbols can be configured, the impact on the legacy system can be disruptive as BS-BS interference would be generated from the SBFD to the STDD network. The impact generated against the legacy STDD network should be carefully evaluated, so that it would be important that the priority of coexistence cases 3 and 4 is increased.

Proposal 2: To improve the priority of coexistence evaluation cases 3 and 4 to carefully evaluate the UL coexistence performance of STDD legacy network. 
· Cases 5 and 6 are expected to expose impact on the UL sub-band of the SBFD network due to BS-BS interference from STDD operator. In addition, this case can be impacted by internal UE-UE interference from UL of SBFD to DL of SBFD. So, this case as well would benefit from the evaluation in clustered scenarios. The priority of this case is properly set to high.
· Cases 7 and 8 are expected to expose the impact of UE-UE CLI from the legacy operator to the SBFD operator. Also, this case is of interest, but we agree that can be evaluated with less urgency because the impact is expected to be less disruptive than other cases. This case also should be evaluated in a clustered scenario.
Specifically, in the remaining of this contribution, and without loss of generality, we will focus on carrier configuration DU (we assume no guard band between D and U sub-bands, as it has been agreed that this does not have a meaningful impact on coexistence), and then we will evaluate coexistence cases: 2, 4 and 6. Case 8 is left for future work. Evaluation of cases 1, 3, 5 is expected to provide the same results as those that will be shown for 2, 4 and 6. So for the sake of scope reduction, we will focus on cases 2, 4 and 6, in the rest of the contribution.
Table 2-1: Coexistence evaluation cases 
	Case
	Aggressor
	Victim
	Allocation
Aggressor (left)                       Victim (right)
	Aggressor baseline
	Priority

	1
	SBFD (DUD)
	TDD
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	TDD DL
	High

	2
	SBFD (DU)
	TDD
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	TDD DL
	High

	3
	SBFD (DUD)
	TDD 
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	TDD UL
	Low

	4
	SBFD (DU)
	TDD 
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	TDD UL
	Low

	5
	TDD
	SBFD (DUD)
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No system in adjacent channel
	High

	6
	TDD
	SBFD (DU)
	[image: ]           [image: ]
	
	High

	7
	TDD
	SBFD (DUD)
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	Low

	8
	TDD
	SBFD (DU)
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	Low



Another important aspect of the coexistence evaluation are the isolation assumptions for the self-interference and inter-sector interference. We believe that for a complete evaluation, both optimistic and realistic values should be considered.
For optimistic assumptions, we intend the assumptions which have been considered for the calibration campaign where the self-interference and inter-sector isolation are set to high values that reduce the impact of self- and inter-sector interferences to 1 dB of desensitization.
We believe that this assumption should be included in the study because it guarantees that the UL of the SBFD network works properly and consequently can generate interference to the adjacent network. In this way UE-UE CLI issues can be better exposed and consequently the coexistence issues.
Observation 2: Optimistic assumptions with respect to SBFD isolation values, for self and inter-sector interference should be included in the evaluation because they guarantee that the UL of SBFD is not disrupted by its own internal CLI, and consequently a coexistence evaluation would not be possible.
On the other hand, we consider that the only evaluation of optimistic assumptions does not give a complete picture of the feasibility of an SBFD coexistence scenario, and for that also realistic assumptions of self and inter-sector isolation values should be considered. Based on technical background presented in a companion contribution [3] we consider 75 dB inter-sector isolation for FR1. 

Proposal 3: To include in the study both optimistic and realistic isolation assumptions for SBFD self-interference and inter-sector interference isolation values. 

Proposal 4: For FR1 inter-sector isolation we propose the value of 75 dB.


2.1 Coexistence evaluation
As discussed in previous section, the coexistence evaluation in this contribution will focus on coexistence cases 2, 4 and 6. The evaluation is organized in order to study the impact of different aspects such as:
· Grid-shift 
· Distribution of UEs in the scenario
· Isolation assumptions for self- and inter-sector interference.
· Antenna configuration


2.1.1 Grid-shift
For this evaluation we consider Grid-Shift (GS) of 10%. We consider that the GS of 100% is an unrealistic assumption, and GS 10% is closer to reality. For GS 0% there is still not an agreement about the appropriate co-site isolation that should be assumed between operators, and this is why for now, we have focused this evaluation on the grid-shift value of 10%.

2.1.2 Distribution of UEs
We consider both uniform distribution and clustered distribution of UEs, in order to compare the impact, the two distributions have on the DL performance of both SBFD and STDD networks, due to UE-UE CLI.
For clustering model, we have mainly based the model on the one defined in RAN1. We consider circular areas with radius R=25 m. One cluster is randomly dropped within a macro cell coverage area respecting a minimum distance from the macro cell (35m + R), and a minimum distance between clusters (2R). 80% of users are dropped inside the cluster and 20% randomly in the geographical area outside the cluster. The UE cluster centres of the first operator are the same of that of the second operator, so that UEs of different operators can be in the same cluster area. 

2.1.3 Isolation assumptions
We consider two cases for isolation assumptions, an optimistic and a realistic case.
· Optimistic isolation assumptions: The assumptions for self-interference and inter-sector interference are set to degrade the noise figure by 1 dB each.
· Realistic isolation assumptions: The assumption for self-interference is again set to degrade the noise figure by 1 dB, while the inter-sector isolation in SBFD network is set to 75 dB. The value of 75 dB has been selected based on the range of possible realistic values already discussed in RAN4.

2.1.4 Antenna configuration
Both options of antennas configuration are considered for SBFD, to maintain the same gain as STDD, and to maintain the same area as SBFD.





2.2 Coexistence Results
In this section we discuss the simulation results obtained in the agreed simulation scenario based on 2 operators, 19 sites, with 3 sectors per cell, shown in Figure 2.2-1. The simulation details are mainly discussed in companion contribution [2] and summarized in Annex in section 5 in this contribution.
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Figure 2.2-1: Simulation scenario a) uniform; b) clustered distribution

2.2.1 SBFD as a Victim, optimistic assumptions
In this subsection we present simulation results of SBFD network when it coexists with the DL of an STDD network (case 6).
Figure 2.2.1-1 shows the UL/DL SINR performance of SBFD network, in the optimistic case, for uniform UE distribution. The figures compare the performance of the baseline when no ACI is introduced in the system and when the DL STDD network is active. The UL SINR of SBFD is significantly impacted, due to the BS-BS interference generated by STDD network. The different antenna configurations do not impact significantly the UL performance. The DL SINR performance is not impacted by coexistence (UE distribution is uniform), and the same gain antenna configuration offers better DL SINR performance compared to same area option, which is an expected result.
Observation 3: The operation of the DL of a legacy TDD network impacts the UL SINR performance of an SBFD network, since the UL sub-band is victim if BS-BS CLI.
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Figure 2.2.1-1: SINR of SBFD network (optimistic), impact of antenna configuration, uniform distribution, a) UL, b) DL

Figure 2.2.1-2 shows the impact of UE distribution over the DL SINR of SBFD, for same gain antenna option, and optimistic case. It can be observed that clustering of UEs impacts the DL performance due to the presence of internal UE-UE CLI generated by the UL of the same SBFD network.
Observation 4: It is important to study also clustered scenarios since they expose the existence of UE-UE CLI.
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Figure 2.2.1-2: UL SINR of SBFD network (optimistic), impact of UE distribution (same gain antenna configuration)

2.2.1.1 UL
In terms of throughput, from Figure 2.2.1.1-1 and Figure 2.2.1.1-2 it can be observed that the mean and 5%tile throughput loss compared to the baseline is higher than the 5%-tile threshold for both uniform, and clustered UE distributions and for both cases of same gain and same area antenna configurations. The resulting throughout loss is summarized in Table 2.2.1.1-1.
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Figure 2.2.1.1-1: UL mean throughput of SBFD network, a) uniform, b) clustered distribution
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Figure 2.2.1.1-2: UL 5%tile throughput of SBFD network, a) uniform, b) clustered distribution
Table 2.2.1.1-1: UL user throughput loss
	
	Mean user throughput Loss
	5%tile throughput loss

	Uniform, same gain
	38,7%
	100%

	Uniform, same area
	40%
	100%

	Clustered, same gain
	42%
	100%

	Clustered, same area
	42%
	100%



Observation 5: The inter-site BS-BS CLI generated by the legacy STDD against the UL SBFD reduces the UL SBFD throughput significantly more than 5% compared to the baseline, when a realistic GS 10% is considered.

2.2.1.2 DL
In this coexistence case degradation of DL performance due to ACI are not expected, since the SBFD network is only coexisting with DL of STDD, and consequently only same link DL to DL ACI appears, and this is already taken into account by the requirements. 
In terms of throughput, from Figure 2.2.1.2-1 and Figure 2.2.1.2-2, it can be observed that the mean and 5%tile user throughput loss compared to the baseline is less than 5%, for both uniform and clustered distributions, and for both same gain and same area antenna configurations. Resulting throughput loss is summarized in Table 2.2.1.2-1.
It is worth noting that in the clustered case, the 5%tile throughput in case of ACI is higher than the one measured without ACI. The sources of interference impacting SBFD DL are the DL internal intercell interference (and the one coming from the other operator), or the internal UE-UE CLI generated by the SBFD UL sub-band against the SBFD DL sub-band. In general, the DL internal intercell interference is the dominant one, but at 5%tile, the internal UE-UE gets to be the dominant, as it can be observed in Figure 2.2.1-2. The internal UE-UE CLI is reduced significantly in presence of ACI because, as we have seen in section 2.2.1.1, since the UL sub-band is severely interfered, less UL traffic is transmitted over it.
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Figure 2.2.1.2-1: DL mean throughput of SBFD network (optimistic case), a) uniform, b) clustered distribution
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Figure 2.2.1.2-2: DL mean throughput of SBFD network (optimistic case), a) uniform, b) clustered distribution
Table 2.2.1.2-1: DL user throughput loss
	
	Mean user throughput Loss
	5%tile throughput loss

	Uniform, same gain
	0%
	2%

	Uniform, same area
	1%
	0%

	Clustered, same gain
	0%
	0%

	Clustered, same area
	0%
	0%



Observation 6: SBFD DL is not impacted by ACI in coexistence case 6, but the internal interference is what determines the DL performance. In clustered case, 5%tile throughput is impacted by internal UE-UE CLI.

2.2.2 STDD as a Victim, optimistic assumptions
In this subsection we present simulation results of STDD network (UL and DL) when it coexists with an SBFD network (case 2 and case 4).
Figure 2.2.2-1 shows the UL/DL SINR performance of STDD network, for uniform UE distribution. The figures compare the performance of the baseline when STDD coexists with another STDD network, and when it coexists with SBFD instead. The UL SINR of STDD is significantly impacted, due to the BS-BS interference generated by SBFD network. When same antenna gain is maintained, the impact against the UL of the legacy operator is higher than the same area antenna case. The DL SINR performance is not impacted by coexistence (UE distribution is uniform), and the antenna configuration at SBFD network does not make a difference as expected.
Observation 7: The operation of a neighbour SBFD network impacts the UL SINR performance of an STDD legacy network, since the UL is victim of BS-BS CLI generated by the SBFD DL sub-band. The study of this case should be prioritized.
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Figure 2.2.2-1: UL SINR of STDD network, impact of antenna configuration, uniform distribution, a) UL, b) DL
Figure 2.2.2-2 shows the impact of UE distribution over the DL SINR of STDD, for same gain and same area antenna option. It can be observed that clustering of UEs impacts the DL performance due to the presence of internal UE-UE CLI generated by the UL sub-band of the SBFD network.
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Figure 2.2.2-2: DL SINR of STDD network, impact of UE distribution (same gain/same area antenna configuration)

2.2.2.1 UL
In terms of throughput, from Figure 2.2.2.1-1 and Figure 2.2.2.1-2 it can be observed that the mean and 5%tile throughput loss compared to the baseline is higher than the 5%-tile threshold for both uniform, and clustered UE distributions and for both cases of same gain and same area antenna configurations. The resulting throughout loss is summarized in Table 2.2.2.1-1.
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Figure 2.2.2.1-1: UL mean throughput of STDD network (optimistic), a) uniform, b) clustered distribution
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Figure 2.2.2.1-2: UL 5%tile throughput of STDD network (optimistic), a) uniform, b) clustered distribution
Table 2.2.2.1-1: UL user throughput loss (optimistic case)
	
	Mean user throughput Loss
	5%tile throughput loss

	Uniform, same gain
	41%
	100%

	Uniform, same area
	38%
	100%

	Clustered, same gain
	45%
	100%

	Clustered, same area
	38%
	100%



Observation 8: The inter-site BS-BS CLI generated by the SBFD DL sub-band against the UL STDD reduces the throughput significantly more than 5% compared to the baseline, when a realistic GS 10% is considered. So this is an important coexistence case.

2.2.2.2 DL
DL STDD performance is mainly dominated by the internal DL intercell interference. This makes that the throughout loss with uniform and clustered distributions is normally below 5%, as can be observed in Figure 2.2.2.2-1 and in Figure 2.2.2.2-2 for mean user throughput. However, in clustered case, for the users with worse propagation conditions, the UE-UE CLI generated by the neighbour SBFD operator UL sub-band dominates the SINR performance, as already shown in Figure 2.2.2-2. In this case, the 5%tile throughput loss exceeds the 5% threshold.
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Figure 2.2.2.2-1: DL mean throughput of STDD network (optimistic), a) uniform, b) clustered distribution
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Figure 2.2.2.2-2: DL 5%tile throughput of STDD network (optimistic), a) uniform, b) clustered distribution
Table 2.2.2.2-1: DL user throughput loss (optimistic)
	
	Mean user throughput Loss
	5%tile throughput loss

	Uniform, same gain
	0%
	1.7%

	Uniform, same area
	0%
	2.6%

	Clustered, same gain
	1.6%
	17.2%

	Clustered, same area
	1.6%
	20%



Observation 9: STDD DL 5%tile throughput is impacted by ACI in coexistence case 2 when users are clustered. 

2.2.3 SBFD as victim, realistic assumptions
Compared to sections 2.2.1 and 2.2.2, in this and the following sections 2.2.3 and 2.2.4 the inter-sector isolation in the SBFD network is set to 75 dB. This increases the internal interference generated in DL in SBFD network, and consequently the UL of SBFD has more challenges to operate. The wideband power received in UL increases, which may block the SBFD BS receiver.
Figure 2.2.3-1 shows the UL SINR performance of SBFD sub-band when coexisting with an STDD DL and compares SINR performance in UL when optimistic and realistic assumptions are considered. For the uniform (Figure 2.2.3-1a) and clustered (Figure 2.2.3-1b), same gain antenna configuration, the total wideband received power is so high that the receiver, following the model agreed in RAN4, is completely blocked. For the same area antenna configuration, the wideband received power in UL is bit lower, and the receiver is not completely blocked, but the UL is in general highly interfered, and its performance will be jeopardized as we will see in the following of the section. 
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Figure 2.2.3-1: UL SINR, optimistic vs optimistic assumptions

2.2.3.1 UL
UL SINR performance described in Figure 2.2.3-1are reflected in throughput as it is shown in Figure 2.2.3-2. The SINR is so low that we do not have 5%tile throughput in any coexistence situation (ACI, no/ACI), or antenna configuration (same gain/same area), or UE distribution option (uniform/clustered). As a result, we do not show 5%tile performance, but only mean user throughput results.
Mean user throughput results are shown in Figure 2.2.3-2. It can be observed that for the uniform and clustered distribution, and same antenna gain configuration, throughout is 0, as the BS receiver is completely blocked. For same antenna area, the BS receives some throughout when the BS receiver is not blocked. However, the throughput level is very low as the UL is highly interfered. 
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Figure 2.2.3-2: UL mean throughput of SBFD network (realistic case), a) uniform, b) clustered distribution
Observation 10: When realistic assumptions for inter-sector isolation are considered, the inter-sector interference is so high that the SBFD receiver can get blocked, in general more than happens for the optimistic case. The wideband received power at SBFD UL depends on different aspects, such as the antenna configuration. When the receiver is not blocked, the SBFD UL sub-band is so interfered that hardly UL traffic can be transmitted on these resources.

2.2.3.2 DL
The DL performance of the SBFD network when it coexists with the DL of STDD is not expected to have coexistence issues, in the realistic case, as we have already discussed in section 2.2.1.2, for the optimistic case. In this case the DL of SBFD suffers from internal DL intercell interference, from internal UE-UE CLI, when the UL of SBFD network is active, and from adjacent channel interference from DL of STDD operator, which is expected to be already below challenging levels, considering the simulation assumption.
Throughput performances are reported in Figure 2.2.3.2-1 and 2.2.3.2-2. Same gain antenna configuration performances are not reported, since with a complete blocked receiver in UL, also DL becomes zero (absence of feedback channel). For same antenna area configuration, ACI and no ACI performances are practically identical, so the throughout loss is 0% in this case. Only for the clustered case, at 5%tile, we can see that the no ACI case has slightly lower performance than the ACI case. This is due to the fact that the internal UE-UE CLI in the SBFD network is more present when there is more traffic on the SBFD UL sub-band, which happens for the no ACI case, as shown in Figure 2.2.3-2b.
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Figure 2.2.3.2-1: DL mean throughput of SBFD network (realistic case), a) uniform, b) clustered distribution
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Figure 2.2.3.2-2: DL 5%tile throughput of SBFD network (realistic case), a) uniform, b) clustered distribution

2.2.4 STDD as victim, realistic assumptions
In this subsection we present simulation results of STDD network (UL and DL) when it coexists with an SBFD network (case 2 and case 4), and we assume realistic assumptions for inter-sector isolation in SBFD network.
Figure 2.2.4-1 shows the UL of STDD network, when optimistic and realistic assumptions, as well as different antenna configurations are considered, for uniform (Figure 2.2.4-1a) and clustered distribution (Figure 2.2.4-1b). It can be observed that the realistic assumption considered in the SBFD aggressor network, only marginally impacts the UL SINR performance of STDD, the behaviour is similar to the optimistic case, since the DL SBFD performance is not impacted by the inter-sector isolation. Still holds the conclusion that the coexistence case 4 is highly important and should be prioritized in the coexistence study, since the UL of the legacy system can be seriously impacted by the DL SBFD operator.
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Figure 2.2.4-1: UL SINR of STDD network, impact of optimistic/realistic assumptions, and antenna configurations, a) uniform, b) clustered UE distribution
Figure 2.2.4-2 shows the UL of STDD network, when optimistic and realistic assumptions, as well as different antenna configurations are considered, for uniform (Figure 2.2.4-2a) and clustered distribution (Figure 2.2.4-2 b). It can be observed that the realistic assumption considered in the SBFD aggressor network, improves the 5%tile DL SINR of the clustered case, since less traffic is transmitted over the UL sub-band of the aggressor SBFD network, which reduces the impact of UE-UE CLI from SBFD UL to STDD DL.
[image: ]        [image: ]
Figure 2.2.4-2: DL SINR of STDD network, impact of optimistic/realistic assumptions, and antenna configurations, a) uniform, b) clustered UE distribution














2.2.4.1 UL
Figure 2.2.4.1-1 and Figure 2.2.4.1-2 show the UL throughout performance of an STDD operator when it coexists with an aggressor SBFD, for realistic assumptions on SBFD isolation values (inter-sector). It can be observed that similarly to the optimistic case, the impact of SBFD DL on UL STDD throughput can be disruptive, as it is summarized in Table 2.2.4.1-1.
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Figure 2.2.4.1-1: UL mean throughput of STDD network (realistic), a) uniform, b) clustered distribution
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Figure 2.2.4.1-2: UL 5%tile throughput of STDD network (realistic), a) uniform, b) clustered distribution
Table 2.2.4.1-1: UL user throughput loss (realistic case)
	
	Mean user throughput Loss
	5%tile throughput loss

	Uniform, same gain
	42%
	100%

	Uniform, same area
	40%
	100%

	Clustered, same gain
	45.8%
	100%

	Clustered, same area
	39%
	100%



Observation 11: For coexistence case 4, irrespective of the inter-sector isolation assumptions (optimistic or realistic), the UL of the legacy system can be seriously impacted by the DL SBFD operator, in all the studied cases the throughput loss is higher than 5%. This is why this case should be prioritized in the coexistence study.



2.2.4.2 DL
We discuss in this subsection the coexistence performance of STDD DL when it coexists with a SBFD network, for a realistic case when the inter-sector isolation is set to 75 dB. In this coexistence case, we observe an interesting different trend compared to the optimistic case. In the optimistic case, the SBFD UL is active and consequently, especially in the clustered case, it can generate UE-UE CLI impacting the DL performance of STDD network. In the realistic case, the UL sub-band of SBFD is so interfered by its own internal interference and the DL of the STDD network, that hardly traffic is transmitted over those resources. As a consequence, we do not see in the realistic case (see Figure 2.2.4.2-1 and 2.2.4.2-2), a coexistence impact over the DL of STDD, and the throughout loss in this case is always significantly below 5%.
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Figure 2.2.4.2-1: DL mean throughput of STDD network (realistic), a) uniform, b) clustered distribution
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Figure 2.2.4.2-2: DL 5%tile throughput of STDD network (realistic), a) uniform, b) clustered distribution

Observation 12: Differently from the optimistic case, where STDD DL 5%tile throughput is impacted by ACI in coexistence case 2 when users are clustered, with throughput loss values exceeding the threshold of 5%, in the realistic case the DL STDD is not impacted by the SBFD UL activity. The reason is that the UL of SBFD when it coexists with STDD is often blocked or anyway so highly interfered that hardly traffic can go through these resources and consequently generate any UE-UE CLI.







3. Conclusion
In this contribution we present simulations results relevant for several coexistence cases with the aim to study impact on adjacent network where SBFD and STDD is victim and aggressor. 
Two sets of co-existence simulations have been presented in this paper. One set assumes unrealistic self-interference and inter-sector isolation to reduce the impact of interference to 1 dB of desensitization. Both advanced electromagnetic simulations as well as presented measurements results have indicated that the isolation levels needed to limit the desensitization to 1 dB are not realistic.
Realistic assumption is based on induced interference based on reasonable and achievable isolation levels considering inter-sector isolation.
This is to ensure that realistic assessment of co-existence is performed and thus cover the impact from STDD towards SBFD in particular in UL and impact of SBFD to STTD in particular is properly studied.
In addition, RAN4 need to consider increasing the priority of some simulation assumptions e.g., grid shift to properly address real-life deployments and challenges as discussed in this paper.
From the simulation results the following observations have been identified:
Observation 1: Coexistence cases 1 and 2 are expected to evaluate the impact of UE-UE CLI on legacy operator. For this reason, they have to be evaluated in scenarios where UE-UE issues are exposed and not hidden. Uniform distribution of users reduces the impact of UE-UE issues and is at risk of hiding potential UE-UE issues.
Observation 2: Optimistic assumptions with respect to SBFD isolation values, for self and inter-sector interference should be included in the evaluation because they guarantee that the UL of SBFD is not disrupted by its own internal CLI, and consequently a coexistence evaluation would not be possible.
Observation 3: The operation of the DL of a legacy TDD network impacts the UL SINR performance of an SBFD network, since the UL sub-band is victim if BS-BS CLI.
Observation 4: It is important to study also clustered scenarios since they expose the existence of UE-UE CLI.
Observation 5: The inter-site BS-BS CLI generated by the legacy STDD against the UL SBFD reduces the UL SBFD throughput significantly more than 5% compared to the baseline, when a realistic GS 10% is considered.
Observation 6: SBFD DL is not impacted by ACI in coexistence case 6, but the internal interference is what determines the DL performance. In clustered case, 5%tile throughput is impacted by internal UE-UE CLI.
Observation 7: The operation of a neighbour SBFD network impacts the UL SINR performance of an STDD legacy network, since the UL is victim of BS-BS CLI generated by the SBFD DL sub-band. The study of this case should be prioritized.
Observation 8: The inter-site BS-BS CLI generated by the SBFD DL sub-band against the UL STDD reduces the throughput significantly more than 5% compared to the baseline, when a realistic GS 10% is considered. So this is an important coexistence case.
Observation 9: STDD DL 5%tile throughput is impacted by ACI in coexistence case 2 when users are clustered. 
Observation 10: When realistic assumptions for inter-sector isolation are considered, the inter-sector interference is so high that the SBFD receiver can get blocked, in general more than happens for the optimistic case. The wideband received power at SBFD UL depends on different aspects, such as the antenna configuration. When the receiver is not blocked, the SBFD UL sub-band is so interfered that hardly UL traffic can be transmitted on these resources.
Observation 11: For coexistence case 4, irrespective of the inter-sector isolation assumptions (optimistic or realistic), the UL of the legacy system can be seriously impacted by the DL SBFD operator, in all the studied cases the throughput loss is higher than 5%. This is why this case should be prioritized in the coexistence study.
Observation 12: Differently from the optimistic case, where STDD DL 5%tile throughput is impacted by ACI in coexistence case 2 when users are clustered, with throughput loss values exceeding the threshold of 5%, in the realistic case the DL STDD is not impacted by the SBFD UL activity. The reason is that the UL of SBFD when it coexists with STDD is often blocked or anyway so highly interfered that hardly traffic can go through these resources and consequently generate any UE-UE CLI.

To progress the work, we also present the following proposals for approval:
Proposal 1: To include in the evaluation clustered scenarios where UEs of different operators happen to be at reduced distance among each other, in the same cluster area. A similar cluster model to the one that has been defined in RAN1 can be considered for evaluation in RAN4, especially in scenarios where the DL is the victim in the evaluations.
Proposal 2: To improve the priority of coexistence evaluation cases 3 and 4 to carefully evaluate the UL coexistence performance of STDD legacy network. 
Proposal 3: To include in the study both optimistic and realistic isolation assumptions for SBFD self-interference and inter-sector interference isolation values. 
Proposal 4: For FR1 inter-sector isolation we propose the value of 75 dB.

To understand how two networks operating STDD and SBFD at adjacent channels within the same band will coexist it is preferable to study two cases. In this contribution we presented results for an optimistic case and a realistic case with the intention to understand the impact related to induvial interference source.  
It can be concluded that the introduction on SBFD in an adjacent channel within a band where a legacy TDD network operates will bring some interesting challenges with respect to coexistence. 
At the end of this contribution in section 5 more details related to simulation assumptions used to produce the results presented in this contribution can be found. 
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5. Annex: Parameters
In Table 5-1, parameters considered for simulation campaign relevant for urban macro scenario is listed. 
Table 5-1: Urban Macro scenario
	
	Parameters
	Scenario

	System parameters
	Scenario
	UMa, Hexagonal layout, 19 BS per operator, 3 sectors per site, with wrapping

	
	ISD
	500 m

	
	Carrier Frequency
	4 GHz

	
	Duplex Type
	Static TDD (DDDDU), SBFD (XXXXX)

	
	Base Static TDD pattern
	80:20 DL:UL

	
	SBFD pattern
	100% SBFD slots

	
	Channel bandwidth
	100 MHz for STDD
80:20 MHz (DU) for SBFD

	
	Available resource blocks
	273 for STDD
218:55 (DUD) for SBFD

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

	
	Sub-Carrier spacing
	30 kHz

	
	Number of active UEs
	1 active users in UL or DL per cell at a time

	
	Channel model
	gNB-UE: UMa TR38.803/38.828
gNB-gNB: UMa TR38.803/38.828, with 75% LoS if d<ISD
UE-UE: UMi TR38.803/38.828 (for d>10 m), FSPL (for d<10m)

	
	UE to BS min 2D distance
	35 m

	
	Grid-shift
	10%

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

	
	Sub-array configuration
	1x1

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

	
	(dv, dh)
	(0.5λ, 0.8λ)

	
	Antenna element gain
	5 dBi

	
	Antenna element
	TR 38.803

	
	Subarray electrical down-tilt
	N/A

	
	Mechanical down-tilt
	6 deg

	
	Beamforming method
	Frequency domain

	
	Noise figure
	5 dB

	
	Link level model
	As per TR 38.803

	
	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

	
	Link level model
	As per TR 38.803

	
	UE distribution outdoor/indoor
	80:20 for uniform distribution
20: 80 for clustered distribution

	
	Clusters
	Circular zones with radius 25 m, 1 cluster per cell
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