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1	Introduction
The Cross Link Interference (CLI) work item [1] includes the RF coexistence analysis in RAN4:
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement

To progress the work, RAN4#90 discussed the simulation assumptions [2] and scenarios [3].
This document presents initial system simulation results for the following scenarios:
· FR1 indoor
· FR1 macro/indoor
· FR2 indoor 
2	Discussion
2.1	FR1 Indoor
The simulation parameters are listed in Table 2.1-1. Only parameters that are clarified or differing from [2] are listed.
Table 2.1-1: Simulation parameters for FR1 indoor scenario
	Layout for nodes
	6 BSs per 120m X 50m
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Distance b = 20m, d = 40m
5 UEs per BS (total 15 UEs per operator)


	Traffic model
	Full buffer

	BS scheduler
	Single UE scheduled at a time per each BS

	Beamforming and MIMO
	No beamforming, MIMO max rank 2

	TDD configurations
	DDDDDUUUUU (synchronized)
DDDDDUUUUU and DDDUUUUUDD (partly conflicting)
DDDDDUUUUU and UUUUUDDDDD (fully conflicting)



The following figures show the results with this setup.
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Figure 2.1-1: FR1 indoor scenario Uplink throughput
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Figure 2.1-2: FR1 indoor scenario Uplink SINR
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Figure 2.1-3: FR1 indoor scenario Downlink throughput
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Figure 2.1-4: FR1 indoor scenario Downlink SINR
The uplink throughput and SINR are slightly decreased, when TDD configurations have conflicts. When TDD configurations are synchronized, the UL receiver interference level depends on:
· Co-channel interference from own UEs connected to neighbour BSs. Since cell reselection is based on RSRP and a single UE is scheduled at a time, the worst case SINR should be > 0 dB. 
· Adjacent channel interference from other operator’s UE transmissions. These devices may have close proximity to the BS, but the TX power is typically rather low.
When conflicting TDD configurations are introduced, the interference at the UL receiver depends on:
· Co-channel interference from own UEs connected to neighbour BSs as in the synchronized case.
· Adjacent channel interference from other operator’s BS transmissions. With the geometry and power level chosen in the simulation, this effect is clearly more dominant than the UE adjacent channel interference in the synchronized case.
The UL throughput and SINR degradation from fully conflicting TDD configuration compared to fully synchronized are:
· UL average / median / cell edge throughput degradation: 6.1% / 2.5% / 20.1%
· UL average / median / cell edge SINR degradation: 2.3 dB / 2.5 dB / 2.9 dB
The downlink throughput and SINR are slightly increased, when TDD configurations have conflicts, except for a small percentage of users which may experience SINR degradation. When TDD configurations are synchronized, the DL receiver interference level depends on:
· Co-channel interference from own network’s neighbour BS DL transmissions. A UE which is in the middle of two BSs, will have ~0 dB SINR, without any inter-cell interference mitigation applied.
· Adjacent channel interference from the other operator’s BS DL transmissions. The UE could be very close to the adjacent channel BS, which have a relatively high TX power in the simulation scenario.
When conflicting TDD configurations are introduced, the interference at the DL receiver depends on:
· Co-channel interference from own network’s neighbour BS DL transmissions as in the synchronized case.
· Adjacent channel interference from the other operator’s UE transmissions. While two UEs may be close to each other, the UL transmit powers a lower than the DL transmit powers, and also the interfering UE is not continuously scheduled (in the simulated setup there are 5 UEs per BS, all having full buffer traffic). In some small amount of cases, the dynamic TDD UE-to-UE interference can exceed that of synchronized TDD BS-to-UE interference on the adjacent channel, so cell edge performance may degrade.
The DL throughput and SINR improvement from fully conflicting TDD configuration compared to fully synchronized are:
· DL average / median / cell edge throughput improvement: 5.0% / 5.1% / 8.8%
· DL average / median / cell edge SINR improvement: 1.5 dB / 1.1 dB / -0.8 dB
Summary: With the geometry and simulation assumptions chosen for the FR1 indoor dynamic TDD evaluation, no significant degradation is visible in either uplink or downlink throughput, in full buffer scenario. The effect of adjacent channel interference is not very high in case sufficient isolation between the two networks’ base stations is guaranteed in the deployment.
The simulation does not take into account co-channel ICIC mechanisms, that would improve the co-channel SINR in the absence of the adjacent channel network. Also frequency domain multi-user scheduling may change the conclusions.
2.2	FR1 Macro/Indoor
The simulation parameters are listed in Table 2.2-1. Only parameters that are clarified or differing from [2] are listed.
Table 2.2-1: Simulation parameters for FR1 macro/indoor scenario
	Layout for nodes
	Single Wide Area cell (operator 1)
One building with 3 indoor Local Area cells (operator 2)
15 UEs per operator (50% indoor for operator 1, 100% indoor for operator 2)


	Traffic model
	Full buffer

	BS scheduler
	Single UE scheduled at a time per each BS

	Beamforming and MIMO
	No beamforming, MIMO max rank 2
Wide Area base station uses 120 degree sector antenna with 18 dBi gain

	TDD configurations
	DDDDDUUUUU (synchronized)
DDDDDUUUUU and DDDUUUUUDD (partly conflicting)
DDDDDUUUUU and UUUUUDDDDD (fully conflicting)



It is notable that there is only 1 macro cell and 1 randomly placed building (within the macro cell coverage are) in the simulation. The macro cell does not use beamforming but a 120 degree sector antenna.
The following figures show the results with this setup.
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Figure 2.2-1: FR1 macro/indoor scenario Uplink throughput
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Figure 2.2-2: FR1 macro/indoor scenario Uplink SINR
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Figure 2.2-3: FR1 macro/indoor scenario Downlink throughput
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Figure 2.2-4: FR1 macro/indoor scenario Downlink SINR
The uplink throughput and SINR of the macro cell are not affected by the indoor cells. For the indoor cells, when TDD configurations are synchronized, the UL receiver interference level depends on:
· Co-channel interference from own UEs connected to neighbour BSs. Since cell reselection is based on RSRP and a single UE is scheduled at a time, the worst case SINR should be > 0 dB. 
· Adjacent channel interference from other operator’s UE transmissions. These devices may have close proximity to the BS, and due to being connected to the outdoor macro, TX power is typically high.
When conflicting TDD configurations are introduced, the interference at the indoor base station UL receiver depends on:
· Co-channel interference from own UEs connected to neighbour BSs as in the synchronized case.
· Adjacent channel interference from other operator’s macro BS transmissions. Due to the good isolation to the macro cell, the ACI actually reduces with dynamic TDD, improving the uplink performance.
The UL throughput and SINR improvement from fully conflicting TDD configuration compared to fully synchronized are:
· No significant change in the macro cell
· UL average / median / cell edge throughput improvement: 6.9% / 8.1% / 16.2% in the indoor cells
· UL average / median / cell edge SINR improvement: 1.8 dB / 1.9 dB / 2.0 dB in the indoor cells
The downlink throughput and SINR seems to be largely unaffected by the choice of TDD configurations, or the results are inconclusive.
In the macro cell, there is no co-channel interference in the simulation, due to only 1 cell being simulated. For adjacent channel interference, in synchronized TDD, the DL interference source is the indoor cell DL transmissions, which may be strong for any UE that is located indoors. During conflicting TDD configuration, the DL interference source are the other operator’s UL transmissions, which have lower power. Hence for macro cell users, the downlink performance may increase for cell edge users as much as 30%. Note however that for partially conflicting TDD configurations, the macro cell edge UEs experienced throughput loss of nearly 50%, and the reason for this is unclear at the moment.
In the indoor cells, the downlink performance seems to be unaffected by the synchronization or lack thereof. The downlink RSRP is likely strong enough, that any ACI source (UE connected to the macro cell) would have to be really strong, and the condition to schedule only a single user at a time makes it improbable for that to occur.
Summary: With the simulation assumptions chosen for the FR1 macro/indoor dynamic TDD evaluation, no clear degradation is visible in either uplink or downlink throughput, in full buffer scenario. 
The simulation does not take into account co-channel ICIC mechanisms, that would improve the co-channel SINR of the indoor cell network. Also frequency domain multi-user scheduling may change the conclusions.
2.3	FR2 Indoor
The simulation parameters are listed in Table 2.3-1. Only parameters that are clarified or differing from [2] are listed.
Table 2.3-1: Simulation parameters for FR2 indoor scenario
	Layout for nodes
	50m x 120m, 6 BSs per operator
Distance between BSs = 20m
3 UEs per BS (18 UEs per operator)


	Traffic model
	Full buffer

	BS scheduler
	Single UE scheduled at a time per each BS

	Beamforming
	17 equally distributed beams per polarization
Antenna element gain = 3.5 dBi



The following figures show the results with this setup.
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Figure 2.3-1: FR2 indoor scenario Uplink throughput
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Figure 2.3-2: FR2 indoor scenario Uplink SINR
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Figure 2.3-3: FR2 indoor scenario Downlink throughput
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Figure 2.3-4: FR2 indoor scenario Downlink SINR
The uplink throughput and SINR
The UL throughput and SINR degradation from fully conflicting TDD configuration compared to fully synchronized are:
· UL average / median / cell edge throughput degradation: 12.9% / 16.9% / -13.3%
· UL average / median / cell edge SINR degradation: 0.9 dB / 0.8 dB / 1.7 dB
The downlink throughput and SINR 
The DL throughput and SINR improvement from fully conflicting TDD configuration compared to fully synchronized are:
· DL average / median / cell edge throughput degradation: 5.0% / 7.5% / 17.0%
· DL average / median / cell edge SINR degradation: 0.2 dB / 0.2 dB / 0.3 dB
Summary: With the geometry and simulation assumptions chosen for the FR2 indoor dynamic TDD evaluation, some throughput and SINR degradation seems visible in both uplink and downlink. The notable exception is uplink cell edge throughput, which increases slightly in conflicting TDD configuration despite having SINR degradation. It can be at least summarized that with the geometry, BS-to-BS interference does not seem to be a significant issue, and dynamic TDD is feasible.
3	Conclusion
We have presented simulation results for dynamic TDD adjacent channel coexistence study. Three scenarios were simulated: FR1 indoor, FR1 macro/indoor, and FR2 indoor. In all of these scenarios, sufficient isolation between adjacent channel BSs seems feasible. In some cases, the conflicting TDD configurations between adjacent channel networks improves the throughput.
The adjacent channel interference results do not yet consider 1) the effect of multi-user scheduling in frequency domain, and 2) the effect of co-channel interference mitigation techniques such as ICIC. Also for FR1 macro/indoor, the effect of beamforming in the macro cell was not taken into account.
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