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Introduction
During RAN4#90, a number of simulation scenarios and assumptions were agreed for studying co-existence aspects of dynamic TDD [1,2]. In this contribution, we extend [3] for the macro-macro scenario at 4GHz to also include results for medium (50%) and low (10%) utilization. It is observed that deploying dynamic TDD/CLI causes a drop in throughput in neighbor operator networks due to BS-BS interference for many scenarios. In the case of a relatively large cell size and a highly coordinated deployment between operators the inter-operator interference is mitigated (although absolute throughput is lower in this case). No reduction in throughput due to UE-UE interference is observed, however it is recommended to check also UE blocking scenarios further.
[bookmark: _Ref178064866]Discussion
The scenario discussed in this paper is as follows:

	Scenario
No.
	Deployment Scenario
(Aggressor->Victim)
	Simulation frequency
	Aggressor baseline
	Aggressor in CLI
	Victim

	1
	Macro -> Macro
	4 GHz
	NR, 100 MHz, DL
	NR, 100MHz, DL 50%+UL 50%
NR, 100MHz, UL 100%
	NR, 100MHz, DL

	2
	
	
	NR, 100MHz, UL
	NR, 100MHz, DL 50%+UL 50%
NR, 100MHz, DL 100%
	NR, 100MHz, UL



Simulation assumptions are aligned with [1, 2], with the exception that additional results with 50% and 10% grid shift and 200m cell size are presented. Full buffer traffic as well as 50% and 10% utilization has been modelled in these simulations.
SINR and UE throughput are considered as performance metrics. Results are presented as CDFs in a victim network considering 100% aligned subframes (synchronized TDD), 100% misaligned subframes and 50% misaligned subframes, respectively. Furthermore, SINR and throughput degradation is tabulated at the 5th, 50th (median) and 95th percentile for 100%, 50% and 10% utilization, respectively, for ISD=500m.
Results for UL co-existence
Co-located aggressor and victim BS (0% grid shift)
As discussed in [4], the aggressor TX to victim RX interference is expected to be so large in this case that the victim receiver will be blocked during misaligned subframes and the throughput will be zero.
100% grid shift
100% utilization
Figure 1 depicts the SINR and throughput achieved in a victim network with 100% grid shift, ISD=500m.
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Figure 1: UL SINR and throughput CDFs with 100% grid shift, 500m ISD.

The impact to throughput in the victim network in this case is small. The explanation behind the lack of impact to throughput is that the victim DL is co-channel interference limited, and BS-BS interference is mitigated by the distance between the BSs. To illustrate this point, Figure 2 illustrates the throughput impact to the victim network with a 200m ISD. In this case, due to the close BS, throughput loss in unaligned subframes due to BS-BS interference is significant.
Corresponding SINR and throughput degradation is shown in Table 1.

Table 1: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim UL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	DL
	50DL/50UL
	DL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	+2.2
	-2.7

	
	50%
	<1
	<1
	<1
	<1

	
	95%
	<1
	<1
	-2.4
	-3.8



Figure 2 depicts the SINR and throughput achieved in a victim network with 100% grid shift, ISD=200m.
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Figure 2: UL SINR and throughput CDFs with 100% grid shift, 200m ISD.

50% utilization
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Figure 3: UL SINR and throughput CDFs with 100% grid shift, 500m ISD.

Table 2: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim UL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	DL
	50DL/50UL
	DL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	<1
	-1.3

	
	50%
	<1
	<1
	-1.5
	-3.0

	
	95%
	<1
	<1
	<1
	-1.1



10% utilization
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Figure 4: UL SINR and throughput CDFs with 100% grid shift, 500m ISD.

Table 3: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim UL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	DL
	50DL/50UL
	DL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	-3.3
	-3.4

	
	50%
	<1
	<1
	<1
	-1.0

	
	95%
	<1
	<1
	<1
	<1



Other grid shifts
To further investigate the conductions in which adjacent channel impact from dynamic TDD/CLI can be mitigated, 50% and 10% grid shift was simulated using the 500m ISD. Figures 5 and 6 illustrate the SINR and throughput impact of each of these cases.
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Figure 5: UL SINR and throughput CDFs with 50% grid shift, 500m ISD.

 [image: ][image: ]
Figure 6: UL SINR and throughput CDFs with 10% grid shift, 500m ISD.

The figures show that the smaller the grid shift, the greater is the throughput loss in the victim network in non-aligned subframes. This is due to closer BS and hence greater BS-BS interference.

Conclusion
The simulations indicate that with a large cell size, additional adjacent channel BS-BS interference due to CLI/dynamic TDD can be avoided. This observation must, however be placed into context. To avoid adjacent channel interference requires a deployment with a sufficiently large cell size and that operators jointly plan their deployments to maximize the distances between their base stations. Such an optimization will of course be subject to other constraints on site availability, traffic location etc. 
Observation 1: The scope for deploying dynamic TDD/CLI in urban macro at 4GHz without causing adjacent channel interference is extremely limited, to the point of not useful.

Results for DL co-existence
100% utilization
Figures 7-9 compare the throughput and SINR for grid shift 10,50 and 100% for downlink. It can be observed that UE-UE interference in misaligned subframes does not have a statistical impact on throughput.
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Figure 7: DL SINR and throughput CDFs with 100% grid shift, 500m ISD.

Corresponding SINR and throughput degradation is shown in Table 4.

Table 4: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim DL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	UL
	50DL/50UL
	UL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	+3.1
	+3.1

	
	50%
	<1
	<1
	+1.2
	+1.2

	
	95%
	<1
	<1
	+1.1
	+2.1




Figure 8 depicts the SINR and throughput achieved in a victim network with 50% grid shift.
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Figure 8: DL throughput CDFs with 50% grid shift, 500m ISD.

Figure 9 depicts the SINR and throughput achieved in a victim network with 10% grid shift.
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Figure 9: DL SINR and throughput CDFs with 10% grid shift, 500m ISD.

In general terms, BS-BS interference is a significant problem when operating dynamic TDD/CLI, but UE-UE interference on the other hand does not seem to present a problem. It is worthwhile to consider, however that there may be specific circumstances in which UE-UE interference may need further investigation. An example could be where two users are indoors in close proximity to one-another and need to transmit with high power. Other scenarios may be relevant; the general issue is that the UE blocking probability (which should be 0.01%) should be investigated further, since the 0.01% scenarios are likely to be the ones in which UEs are in close proximity, and will not show up in the throughput CDFs of figure 3.

Observation 2: UE-UE interference for the macro-macro 4GHz scenario when operating dynamic TDD/CLI is in general not significant.
Observation 3: The UE blocking probability may be impacted by dynamic TDD/CLI, since it relates to the extreme 0.01% of cases in which UEs are in close proximity.

50% utilization
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Figure 10: DL SINR and throughput CDFs with 100% grid shift, 500m ISD.

Table 5: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim DL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	UL
	50DL/50UL
	UL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	+1.0
	+1.5

	
	50%
	<1
	+1.0
	<1
	+1.0

	
	95%
	<1
	<1
	<1
	<1



10% utilization
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Figure 11: DL SINR CDF with 100% grid shift, 500m ISD.







Table 6: SINR and throughput degradation with 100% grid shift, 500m ISD.
	Source
	 Observation Point
	Victim DL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	50DL/50UL
	UL
	50DL/50UL
	UL

	Ericsson
(R4-190xxxx)
	5%
	<1
	<1
	+4.0
	+4.0

	
	50%
	<1
	<1
	+1.5
	+2.0

	
	95%
	<1
	<1
	<1
	<1



Conclusion
This contribution has reviewed the impact of dynamic TDD/CLI in a macro-macro scenario at 4GHz. In general, significant throughput losses in a neighbor operator network will be experienced due to BS-BS interference (apart from special scenarios with highly coordinated large cells). UE-UE interference does not appear to lead to throughput losses, however the impact on the chances of UL blocking should be investigated further.
We propose that after examination of all of companies submitted contributions on simulation results, the Rapporteur lead a discussion on how to incorporate the results into the technical report.
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