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[bookmark: _Ref463014664]Introduction 
In RAN#82, a revised WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR was approved in [1]. Among the objectives of the work item, RAN4 is tasked to perform coexistence study to identify conditions of coexistence among different operators in adjacent channels targeting no or very minimal impact on RF requirement.
In the last RAN4#90 meeting in Athens, two documents were approved in [2] and [3] that list simulation assumptions and scenarios for CLI co-existence studies either in FR1 and FR2. 
In this contribution we analyse the impact of UE-to-UE CLI interference on network performance considering the synchronous (without dynamic TDD) scenario as the baseline. SINR CDF will be considered as the metric for comparison with baseline performance.
Discussion
In this paper we study the impact of dynamic TDD on baseline network SINR performance for which the aggressor network in adjacent channel has the same duplex direction of the victim network. In particular we will focus on the time instances where the victim network is transmitting in DL whereas the aggressor network in adjacent channel has UL duplex direction. In this special case, UE-to-UE CLI arises in various magnitudes that are highly dependent on the deployment scenario that we consider. For example, an indoor deployment is characterized by several UEs very close to each other but with relatively low transmitted power whereas an outdoor Macro deployment is usually characterized by farther UEs that transmit with relatively higher power. Since it is not easy to foresee the outcome in terms of CLI, in the following we present an analysis based on Montecarlo simulations that gives an indication of the amount of UE-to-UE CLI interference in each network deployment scenario.
In alignment with what agreed in [3], the following deployment scenarios will be considered:
1. Macro-to-Macro (FR1 and FR2)
2. Micro-to-Micro (FR2)
3. Macro-to-Indoor (FR1)
4. Indoor-to-Indoor (FR1 and FR2)
For each scenario, deployment details and simulation assumptions are aligned with [2]. In case of dynamic TDD, the adjacent channel will be characterized by a value of ACIR that depends on the frequency range (FR1/FR2) used in the simulation. The currently defined values of ACLR and ACS result in 16dB ACIR in FR2 and 28dB ACIR in FR1 for the case of UE-to-UE cross-link interference. These values were used to obtain the results presented in this paper.
FR2 Simulation Results
Urban Macro to Urban Macro
This section presents a comparison in terms of SINR performance in the presence of another operator operating in adjacent frequency channel for an Urban Macro deployment characterized by 25m height tri-sectorial base stations deployed in a hexagonal grid in FR2. Figure 1 shows a comparison between the two cases of non-dynamic TDD (baseline performance) and dynamic TDD (CLI performance). From the picture we see that network performance with UE-to-UE adjacent channel interference is slightly better than baseline performance.
In order to draw a complete picture of the situation, Figure 2 shows a comparison of adjacent channel interference distributions obtained according to the agreed assumptions in [2]. Notice that in this case, the gap is much larger compared to what observed in Figure 1. This discrepancy can be explained noticing that, in both dynamic TDD and non-dynamic TDD cases, network performance is limited by the co-channel interference rather than adjacent channel with the assumed values of ACIR. This result comes indeed at no surprise when we observe that the current values of ACLR/ACS were derived assuming 5% maximum degradation of no-ACI channel performance when adjacent channel interferer is present.
Based on these observations, we conclude that dynamic TDD operation is possible in the UMa-to-UMa deployment scenario at least from a UE-to-UE interference point of view. Even in more challenging cases such as, for example, multiple UEs per cell are served simultaneously we expect there is enough margin to enable dynamic TDD.
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[bookmark: _Ref5010982]Figure 1. Comparison of SINR performance with ACI in UMa-to-UMa scenario
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[bookmark: _Ref5010849]Figure 2. Adjacent Channel Interference Distribution. Comparison between TDD operation (UE-to-UE interference - red dashed curve) and non-TDD operation (gNB-to-UE interference - blue curve)

Urban Micro to Urban Micro
This section presents a comparison in terms of SINR performance in the presence of another operator operating in adjacent frequency channel for an Urban Micro deployment characterized by randomly dropped base station hotspots in macro cells. The considered operating range is still FR2. Figure 3 shows a comparison between the two cases of non-dynamic TDD (baseline performance) and dynamic TDD (CLI performance). From the picture we see that network performance with UE-to-UE adjacent channel interference is again slightly better than baseline performance.
Same considerations made for the UMa deployment scenario apply here. We conclude that dynamic TDD operation is possible in the UMi-to-UMi deployment scenario at least from a UE-to-UE interference point of view.
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[bookmark: _Ref5012860]Figure 3. Comparison of SINR performance with ACI in UMi-to-UMi scenario

Indoor to Indoor
This section presents a comparison in terms of SINR performance in the presence of another operator operating in adjacent frequency channel for an Indoor deployment characterized by 6 non-colocated ceiling mounted base station per operator. The considered operating range is still FR2. Figure 4 shows a comparison between the two cases of non-dynamic TDD (baseline performance) and dynamic TDD (CLI performance). From the picture we see that network performance with UE-to-UE adjacent channel interference is better than baseline performance.
Same considerations made for the UMa and UMi deployment scenario apply here. We conclude that dynamic TDD operation is possible in the InH-to-InH deployment scenario at least from a UE-to-UE interference point of view.
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[bookmark: _Ref5034617]Figure 4. Comparison of SINR performance with ACI in InH-to-InH scenario
[bookmark: _Ref521514866]
FR1 Simulation Results
Urban Macro to Urban Macro
This section presents a comparison of SINR performance in the presence of another operator operating in adjacent frequency channel for an Urban Macro deployment characterized by 25m height tri-sectorial base stations deployed in a hexagonal grid in FR1. Figure 5 shows a comparison between the two cases of non-dynamic TDD (baseline performance) and dynamic TDD (CLI performance). From the picture we see that network performance with UE-to-UE adjacent channel interference is better than baseline performance.
We conclude that dynamic TDD operation is possible in the UMa-to-UMa deployment scenario in FR1 at least from a UE-to-UE interference point of view. Even in more challenging cases such as, for example, multiple UEs per cell are served simultaneously we expect there is enough margin to enable dynamic TDD. This is consistent with the eIMTA results for Macro layer deployments.

[image: ]
[bookmark: _Ref5034625]Figure 5. Comparison of SINR performance with ACI in UMa-to-UMa scenario
Indoor to Indoor
This section presents a comparison of SINR performance for an Indoor deployment in FR1 in the presence of another operator operating in adjacent frequency channel. The victim and aggressor Indoor networks have 6 co-located ceiling mounted gNBs separated by 40m ISD. Figure 6 shows a comparison between the two cases of non-dynamic TDD (baseline performance) and dynamic TDD (CLI performance). From the picture we see that network performance with UE-to-UE adjacent channel interference is similar to baseline network performance.
We conclude that dynamic TDD operation is possible in the InH-to-InH deployment scenario in FR1 at least from a UE-to-UE interference point of view.
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[bookmark: _Ref5049674]Figure 6. Comparison of SINR performance with ACI in InH-to-InH scenario
Urban Macro to Indoor
In this section we present simulation results for the UMa to Indoor scenario in terms of UE-to-UE CLI impact on network performance, when 50% of UEs connected to the Macro Network are inside the buildings where the indoor networks are deployed. We believe that this scenario represents one of the most challenging in terms of UE-to-UE interference. Indeed, indoor UEs connected to the Macro network will transmit at maximum power in order to keep active the communication link with the outdoor Macro base station and their adjacent channel interference will not be subject to penetration losses. Differently, in case of non-dynamic TDD adjacent channel interference coming from outdoor macro base stations is largely attenuated by the penetration losses through the wall of the building.
Figure 7 shows a comparison of SINR performance in the cases of dynamic and non-dynamic TDD operation in the UMa-to-Indoor scenario. Notice that, even if in some occasions the UE-to-UE adjacent channel interference may be larger than the ACI of non-dynamic TDD operation, the level of degradation caused to single network performance remains still negligible because dominated by co-channel interference. For this reason, Figure 7 shows a very similar behavior in terms of SINR and throughput performance in the two case of dynamic and non-dynamic TDD operation.
Based on the above observations, we conclude that dynamic TDD operation is possible in the UMa-to-InH deployment scenario in FR1 at least from a UE-to-UE interference point of view.
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[bookmark: _Ref5052133]Figure 7. Comparison of SINR performance with ACI in UMa-to-InH scenario

Conclusions
In this contribution we presented simulation results addressing the impact of UE-to-UE CLI on network performance. We analyzed several different scenarios either in FR1 and FR2 and noticed that in all of them the impact of UE-to-UE CLI to network performance is negligible. 
[bookmark: _GoBack]Based on this observation, we conclude that under the agreed assumptions and in the analyzed scenarios, dynamic TDD operation is possible in both FR1 and FR2 in terms of UE-to-UE interference.
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