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1 Introduction
RAN4#78BIS approved a way forward of [1] where how to handle wide frequency range. In addition, during the meeting, there were opinions that co-existence study is necessary to derive ACLR and ACS even without clear RAN1 spec. We, however, were not able to receive any specific plans or ways to conduct co-existence study.

The objective of this contribution is to obtain consensus of the following several fundament aspects on the future co-existence study.

· Scenario: eMBB, mMTC and URLLC
· Co-existence between New Radio and which RAT
· Channel bandwidth
· Guard band within channel bandwidth
· Power control(UL/DL)

· Channel modelling

· OTA related parameters
· Environment: dense urban, urban macro, rural and indoor
2 Discussion

Scenario
In addition to what was mentioned in [2], we do NOT clearly understand what mMTC and URLLC are at this moment. To conduct co-existence, we need to identify deployment scenario as well as KPI of the these scenarios. For example, for URLLC, we may need to consider completely different evaluation axis to guarantee the URLLC performance. This axis, however, will be identified through the thorough discussion on the URLLC after the URLLC specification becomes clear. In addition, people may not expect to use mMTC and URLLC in frequency above 24 GHz. On the other hand, for the eMBB, what we would like to achieve is relatively simpler and clearer than the mMTC and URLLC. That needs more peak data rate so that we need to consider more wider bandwidth, more MIMO layers and higher order of modulations etc.
Proposal 1: Commence the co-existence study of the eMBB first. The co-existence study of the mMTC and URLLC is conducted after the thorough study.
Co-existence between New Radio and which RAT
In frequency above 24 GHz, so far there have been no currently specified 3GPP RATs. Thus, it would be natural to consider that only New Radio system will be in the same geographical area among 3GPP RATs. Thus, co-existence study should be between New Radio systems in the same geographical area.

Proposal 2: Study co-existence in the same geographical area between New Radio (eMBB) systems on adjacent channels.
In addition, if we assume that the New Radio (eMBB) is used under the synchronized network between operators with the same DL/UL configuration, there are two cases for co-existence study as follows.
Table 2-1.
Cases for co-existence 
	case
	Aggressor
	Victim
	Direction

	1
	eNB of New Radio(eMBB)
	UE of New Radio(eMBB)
	Downlink

	2
	UE of New Radio(eMBB)
	eNB of New Radio(eMBB)
	Uplink


Notice that it seems there are discussions on using UL/DL TDD configuration more dynamically in per user basis even within one operator network. This aspect is considered, once the mechanism is clear enough to start the co-existence study if necessary.

Proposal 3: Adopt the co-existence study cases in Table 2-1. In addition, once the mechanism of TDD system being discussed in RAN1 becomes clear enough, we discuss the necessity of the further co-existence study.
Channel bandwidth
Candidate channel bandwidths for co-existence would be 80, 500, 1000 MHz. 80 MHz is from RAN1 simulation assumption. 500 and 1000 MHz come from the following achievable peak rate even with LTE. We would firstly study the minimum vs minimum and maximum and maximum such that 80 MHz vs 80 MHz and 1000 MHz vs 1000 MHz. Then, if the tendency of the both outcomes is similar, we would be able to consider that the similar outcomes are obtained from using the combination of the other channel bandwidths.
Table 2-2.
Achievable peak data rate based on key parameters 
	modulation
	Channel bandwidth
	Number of stream
	Peak throughput（DLonly）
	Peak throughput

(DL:UL = 3:1)

	
	
	
	
	DL
	UL

	256QAM
	1000MHz
	4
	20Gbps
	15Gbps
	5Gbps

	1024QAM
	1000MHz
	4
	25Gpbs
	18.75Gbps
	6.25

	256QAM
	500MHz
	8
	20Gbps
	15Gbps
	5Gbps

	1024QAM
	500MHz
	8
	25Gpbs
	18.75Gbps
	6.25


Proposal 4: The widest channel bandwidth should be at most up to 1 GHz. Note that the purpose of the proposal is to facilitate co-existence study. 
Guard band
Guard band analysis is specifically associated with the definition of ACLR and spectrum emission mask in 3GPP. The analysis requires study of relation between RF feasibility specifically PA as well as waveform. In the study, we need to evaluate how sharply emission drops within guard band considering the achievable RF characteristics according to the width of passband and frequency. Identifying the reasonable guard band is one of the most important keys to bring a product supporting New Radio to a market in a timely manner. In order to proceed with the discussion, it would be highly appreciated for vendors to investigate the relation considering RF feasibility as soon as possible even if RAN1 does not have one single waveform for New Radio but rather still several candidates. This is because we need to share the practical feasibility considering frequency.

Table 2-3.
Spectrum efficiency in terms of Guard band 
	modulation
	Channel bandwidth
	Practically available bandwidth
	efficiency

	
	
	
	

	UMTS
	5MHz
	3.84 MHz
	76.8%

	LTE
	5/10/15/20MHz
	4.5/9/13.5/18 MHz
	90%

	NR(eMBB)
	?
	?
	>90%?


Proposal 5: Study the guard band using candidate waveforms in RAN1 with practical PA model according to frequency and passband-width.

Power control
As was mentioned in [2], it would take time for RAN1 to conclude the specifications. Thus, firstly, it would be beneficial to start with RAN4 co-existence using the existing LTE requirements.

Proposal 6: Start the co-existence study using the existing LTE power control requirements for UL. No power control is assumed for DL.

OTA related parameters
In the RAN4#78BIS, potential issues were raised that requirements would not be able to be specified at antenna connector above 6 GHz since having the connector is not possible due to the highly integrated implementation. If the assumption is correct, we need to incorporate the assumptions into relevant co-existence parameters if necessary.

Proposal7: Study how to incorporate OTA related parameters into the co-existence study for both UE and BS.
Channel modelling
The relevant SI is on-going in RAN1 and is going to be completed in RAN#72. Thus, it is expected that we would be able to apply the outcome of channel model into the co-existence.
Observation 1: We would apply the outcome of the channel modelling SI to RAN4 co-existence study. 
Others
There are still significant number of parameters for co-existence such that Network location etc. These are, however subject to be affected by selected environment like urban macro etc.  Thus, we need to determine environment first. In RAN1 evaluation for eMBB, there are four scenarios; dense urban, urban macro, rural and indoor. 
Proposal 8: Discuss the scenarios and select them from desnse urban, urban macro, rual and indoor according to agreed frequency ranges.
3 Conclusion

Based on the above discussion, we propose the followings and shares one observation.

Proposal 1: Commence the co-existence study of the eMBB first. The co-existence study of the mMTC and URLLC is conducted after the thorough study.
Proposal 2: Study co-existence in the same geographical area between New Radio (eMBB) systems on adjacent channels.
Proposal 3: Adopt the co-existence study cases in Table 2-1. In addition, once the mechanism of TDD system being discussed in RAN1 becomes clear enough, we discuss the necessity of the further co-existence study.

Proposal 4: The widest channel bandwidth should be at most up to 1 GHz. Note that the purpose of the proposal is to facilitate co-existence study not to determine the widest bandwidth as specification. 
Proposal 5: Study the guard band using candidate waveforms in RAN1 with practical PA model according to frequency and passband-width.

Proposal 6: Start the co-existence study using the existing LTE power control requirements for UL. No power control is assumed for DL.

Proposal 7: Study how to incorporate OTA related parameters into the co-existence study for both UE and BS.
Proposal 8: Discuss the scenarios and select them from desnse urban, urban macro, rual and indoor according to agreed frequency ranges.

Observation 1: We would apply the outcome of the channel modelling SI to RAN4 co-existence study. 
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