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1 Introduction

At RAN#81, a WI on RIM and CLI was agreed. One of the objectives of the WI is to study co-existence aspects for CLI in RAN4. There is no mandate to create new RF requirements, and hence presumably the objective is to clarify deployment scenarios in which CLI (and more generally, dynamic TDD) can be operated from a co-existence point of view.
This paper provides a tutorial overview on the differences in co-existence between synchronized and unsynchronized TDD networks.
2 Co-existence in synchronized TDD networks
In synchronized TDD networks, there are two aspects of co-existence; DL-DL and UL-UL. For DL-DL co-existence, UEs in a victim network are impacted by nearby BS from an aggressor network.
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The impact of the aggressor BS may be twofold; adjacent channel leakage from the aggressor BS may raise the interference floor at the victim UE. Alternatively, the wanted power from the aggressor BS may leak into the wanted carrier due to the UE adjacent channel selectivity. Thus, BS ACLR and UE ACS are the key RF parameters relating to DL-DL co-existence.

UL-UL co-existence refers to degradation of a BS receiver due to the impact of nearby aggressor network UEs. 
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The impact of the UEs may be twofold; adjacent channel leakage from the aggressor UEs may degrade the BS interference floor. Alternatively, the wanted power from aggressor UEs may leak into the BS receive carrier due to the adjacent channel selectivity of the BS. Thus, UE ACLR and BS ACS are the key RF parameters relating to UL-UL coexistence.

The ACLR and ACS requirements for NR have been developed based on synchronized TDD and are summarized in the table below. In both directions, the ACIR is 32,7dB (33dB assumed).
	
	ACLR
	ACS

	Basestation
	45dB
	45 dB

	UE
	33dB
	33dB


3 Co-existence scenarios when operating dynamic TDD
Dynamic TDD in at least one network implies additional co-existence scenarios. When both networks transmit in the same direction, then the DL-DL and UL-UL scenarios still occur. However, there will be additional instances of DL (aggressor) – UL (victim) and UL (aggressor) – DL (victim).
CLI techniques may be used within an individual network to avoid interference due to dynamic TDD. However, between adjacent frequency networks, it must be assumed that the interference is not co-ordinated and hence the interference is only mitigated by ACLR/ACS.

In the DL (aggressor) – UL (victim) scenario, an aggressor BS is transmitting whilst BS in a receiver network are receiving. 
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Interference may be experienced in the victim BS due to the aggressor ACLR (45dB) or the victim ACS (45dB). The ACIR is thus 42dB.

For a co-located BS scenario, 30dB is typically assumed for BS isolation. Assuming a BS transmitting at 43dBm with an ACIR of 42dB, the interference in the BS carrier would be -25dBm. Such interference is obviously much larger than the BS noise floor and the BS receiver would be severely degraded.
For non-co-located BS, the extent of degradation will depend on the inter-site distance and the antenna gains of the two BS. Assuming that throughput relates to SNR and a noise limited uplink, then to avoid a >5% loss in throughput, the DL-UL interference should not raise the RX noise floor by more than 5% or around 0,2dB. To achieve this, the signal power should be less than around -115dBm. Assuming 43dBm output power and 42dB ACIR, this implies that the pathloss-antenna gain should exceed 116dB. This figure implies that, depending on ISD and antenna orientation, there are also scenarios for which cross-operator inter-BS interference can occur also for non-co-located sites. If the uplink is interference limited rather than noise limited, then greater interference may be tolerable, and a greater pathloss-antenna gain may be acceptable. Of course, interference limited scenarios imply closer BS, and lower pathloss.
In the UL (aggressor) – DL (victim) scenario, an aggressor UE is transmitting whilst close to a victim UE.
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Interference may be experienced in the victim UE due to the aggressor ACLR (33dB) or the victim ACS (33dB). The ACIR is thus 30dB.

Assuming a UE output power of 23dBm and an omnidirectional antenna, then the interference power at the victim UE is 23 – pathloss – 30 = -7 – pathloss. Free space pathloss (at 2GHz) is around 45dB at 2m, 58dB at 10m and 78dB at 100m. Thus, even with 100m separation, the interference power could be around 10dB greater than UE sensitivity. Whether this is significant or not depends on whether the DL is noise or interference limited. The statistical co-existence will depend on UE TX power, separation, traffic etc. and needs to be explored with system simulation. Clearly there exists a significant potential for cross operator UL – DL interference and investigation is merited.
4 Conclusion

This contribution has outline additional inter-operator co-existence scenarios that exist when operating CLI or dynamic TDD. Assuming RF requirements are not changed, then interference between co-located basestations is certain. For non-co-located basestations, there exists potential for interference depending on deployment scenario, separation and antenna characteristics. There also appears to be a significant potential for UE-UE interference.
For mm wave frequencies, both BS and UE will always operate beamforming. Between operators, beamforming is not coordinated so in some cases, interference between BS or between UE may be reduced, whereas in others it may increase.

When the traffic in all networks is sufficiently low, then the statistical probability that BS-BS or UE-UE interference arises reduces (since the probability of both networks transmitting at the same time in different directions reduces). Thus, at some low traffic level, operation of dynamic TDD may be more feasible from a coexistence point of view than with higher traffic. The critical traffic level is likely to depend on the deployment scenario.
There exists also the possibility of scenarios in which the isolation between adjacent networks is greater than that provided by the ACLR and ACS. One such scenario is where an indoor network with a single operator uses CLI, whilst the neighbor operator runs an outdoor macro network. Provided that the penetration loss in the walls is sufficient, then the networks would be isolated and cross operator interference due to dynamic TDD can be mitigated. In particular for mm wave frequencies, the wall isolation may be sufficient for indoor CLI operation in such a scenario.
Taking into account the above discussion, it is proposed that inter-operator co-existence aspects of CLI should be studied for the following scenarios:
· Urban macro

· Victim Urban Macro, Aggressor micro

· Victim Urban Macro, Aggressor Indoor
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