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1 Introduction
Results of the simulation campaign are being presented this meeting. Based on those results we need to agree a summary and some recommendations for co-existence.

This paper discusses the summary and recommendation based around our results presented in [1], [2].
2 Discussion
2.1 FR1

FR1 studies were carried out on the following scenarios:
Table 1 CLI co-existence scenario for FR1 (4GHz)
	Scenario

No.
	Deployment Scenario

(Aggressor -> Victim)
	Aggressor baseline
	Aggressor in CLI
	Victim

	1
	Macro → Macro
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	2
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	3
	Macro → Indoor
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	4
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	5
	Indoor → Macro
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	6
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	7
	Indoor → Indoor
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	8
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%

2. NR, 100MHz, DL100%
	NR, 100 MHz, UL


In [1] we presented the following summary of results:

Table 2. Summary of SNR and throughput degradation at 50%-tile point for FR1
	Aggressor->Victim
	Victim DL
	Victim UL

	
	SNR degradation (dB)
	Throughput degradation (%)
	SNR degradation (dB)
	Throughput degradation (%)

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

	Macro -> Macro
	-0.12
	-0.37
	-0.57%
	-1.75%
	0.28
	0.52
	1.70%
	3.19%

	Macro -> Indoor
	0.04
	-0.02
	0.56%
	-0.40%
	-0.04
	0.03
	-0.64%
	0.33%

	Indoor -> Macro
	-0.42
	0
	-2.90%
	-0.02%
	0.2
	-0.03
	1.07%
	-0.18%

	Indoor -> Indoor
	0.03
	-0.01
	0.51%
	-0.10%
	0.19
	0.03
	2.94%
	0.53%


The cases where there is significant (>1%) degradation in throughput have been highlighted in red.

In some case, particularly in the victim downlink the change is negative indicting an improvement (or a reduction of interference). Whilst this is of course interesting it is not discussed further as the purpose of the study to identify degradation. For example degradation in the DL is not balanced by improvement in the UL.

2.1.1 Macro Aggressor

The aggressor network is an adjacent channel Macro network employing unsynchronised TDD.

On the downlink the victim is the UE receiver on the victim network

On the UL the victim is the base station receiver on the victim network

Cases were studied where the victim network was another outdoor macro network and also an indoor network.
· The outdoor macro network experienced significant throughput degradation up to 3.2%.

· The indoor network experienced no significant throughput degradation

Whilst the Macro to indoor scenario produced acceptable results, the macro to macro did not. AS it is very unlikely that an adjacent network would be deployed indoor only (especially at FR1) the positive macro to indoor result is really of no consequence.

It is not recommended therefore that a Macro network uses unsynchronised TDD without expecting additional throughput degradation in adjacent networks.

2.1.2  Indoor aggressor

The aggressor network is an adjacent channel indoor network employing unsynchronised TDD.

As with the macro aggressor the UE receiver is the victim on the DL and the BS receiver is the victim on the UL.
Once again cases were studied where the victim network was an outdoor macro network and also an indoor network.

· The outdoor macro network experienced throughput degradation at just over 1%

· The indoor network experienced no significant throughput degradation at 3%

In this case the effect on the outdoor macro network was not as severe as when the interferer was an outdoor macro. Just over 1%. The effect on the adjacent indoor network was much greater but also localised and some degree of mutual interference could be expected in some indoor cases.

It may be possible to use unsynchronised standalone TDD on an indoor network if it is sufficiently isolated form the outdoor (at a level at least equal to that assumed in the simulation). If there is a 2nd indoor network then it would need to be understood that there will be throughput degradation under some circumstances.

2.2 FR2

FR1 studies were carried out on the following scenarios:

Table 3. CLI co-existence scenario for FR2 (30GHz)
	Scenario

No.
	Deployment Scenario

(Aggressor -> Victim)
	Aggressor baseline
	Aggressor in CLI
	Victim

	9
	Macro → Macro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	10
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	11
	Micro → Micro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	12
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	13
	Indoor → Macro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	14
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	15
	Indoor → Indoor
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	16
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%

2. NR, 200MHz, DL100%
	NR, 200 MHz, UL


In [2] we presented the following summary of results:

Table 10. Summary of SNR and throughput degradation at 50%-tile point for FR2
	Aggressor->Victim
	Victim DL
	Victim UL

	
	SNR degradation (dB)
	Throughput degradation (%)
	SNR degradation (dB)
	Throughput degradation (%)

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

	Macro-> Macro
	0
	-0.68
	0.00%
	0.00%
	0.0604
	0.126
	0.37%
	0.78%

	Micro -> Micro
	-0.38
	-0.26
	-1.81%
	-1.24%
	1.3956
	3.5008
	10.24%
	25.23%

	Indoor -> Macro
	-0.32
	0.01
	0.00%
	0.00%
	-0.01
	-0.02
	-0.07%
	-0.12%

	Indoor -> Indoor
	0.02
	0.84
	0.06%
	5.22%
	-0.2514
	0.0858
	-2.19%
	0.75%


The cases where there is significant (>1%) degradation in throughput have been highlighted in red.

In some case, particularly in the victim downlink the change is negative indicting an improvement (or a reduction of interference). Whilst this is of course interesting it is not discussed further as the purpose of the study to identify degradation. For example degradation in the DL is not balanced by improvement in the UL.

2.2.1 Macro Aggressor

The aggressor network is an adjacent channel Macro network employing unsynchronised TDD, for FR2 only macro to macro interference was studied.
The degradation to adjacent macro network was less than 1% fi this is verified then it could be considered that unsynchronised TDD could be used for FR2 macro networks

The macro to indoor case was not considered as the outdoor to indoor isolation at FR2 is high and would likely mean there was very little degradation.

2.2.2 Micro aggressor

The aggressor network is an adjacent channel micro network and the victim is also a micro network. Both networks are anchored by a macro hex grid network as shown in the dense urban scenario.

The downlink shows very large degradation up to 25%. As the 2 micro networks are very close and the antenna directions are random this has resulted in significant BS to BS interference on the DL.

It is not recommended that unsynchronised TDD be used in this scenario.
Note the effect of a micro network using unsynchronised TDD on and adjacent macro network has not been studied, but it could be extrapolated that a similar effect would occur due to the placement and proximity of the micro nodes.
2.2.3 Indoor aggressor

The aggressor network is an adjacent channel indoor network employing unsynchronised TDD.

As with the macro aggressor the UE receiver is the victim on the DL and the BS receiver is the victim on the UL.

Cases were studied where the victim network was an outdoor macro network and also an indoor network.

· The outdoor macro network experienced no throughput degradation.
· The indoor network experienced significant throughput degradation unusually on the DL
In this case the effect on the outdoor macro network was either zero or positive. A standalone indoor network can therefore use unsynchronised TDD without any detrimental effect on an adjacent outdoor network. This is clear due to the high indoor/outdoor isolation experienced at FR2.

The indoor to indoor scenario has a surprising result in that the DL is degraded, this implies that interference from a UE is worse than that from a BS. As the indoor BS has similar output power to the UE but lower antenna gain this is perhaps reasonable. The level of degradation however is quite high (>5%) so adjacent indoor networks cannot use unsynchronised TDD unless it is accepted that throughput degradation will occur
Summary
This paper has attempted to dray some summaries and recommendations for each of the unsynchronised TDD used cases.

These recommendations are based on our own simulation findings and may need to be amended when the process of comparing all simulation contributes has been done.

FR1 – Outdoor macro aggressor

It is not recommended therefore that a Macro network uses unsynchronised TDD without expecting additional throughput degradation in adjacent networks.

FR1 – Indoor aggressor

It may be possible to use unsynchronised standalone TDD on an indoor network if it is sufficiently isolated form the outdoor (at a level at least equal to that assumed in the simulation). If there is a 2nd indoor network then it would need to be understood that there will be throughput degradation under some circumstances.

FR2 – Outdoor macro aggressor

The degradation to adjacent macro network was less than 1% fi this is verified then it could be considered that unsynchronised TDD could be used for FR2 macro networks

FR2 – Outdoor micro aggressor

It is not recommended that unsynchronised TDD be used in this scenario.

FR2 – Indoor aggressor

A standalone indoor network can therefore use unsynchronised TDD without any detrimental effect on an adjacent outdoor network.

For adjacent indoor networks the level of degradation however is quite high (>5%) so adjacent indoor networks cannot use unsynchronised TDD unless it is accepted that throughput degradation will occur
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