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1 Introduction
The study of the NR was kicked off in RAN4#78 meeting. The scope of the coexistence study in RAN4 is quite wide as discussed in our genera paper [1]. It is very challenging to complete all the studies in a given period that the first response is sent in RAN#73 and the final answer is provided in RAN74. It is therefore crucial to have a well-defined coexistence assumption to complete the work in time. We have a separate paper what RF parameters to be studied [2]. In this paper, we discuss the coexistence simulation assumptions specific to 24.25-86 GHz, which is required to have the answer to the LS from WP5D [3] in accordance with our earlier paper [4].

2 Discussion
2.1 Simulation Methodology

The standard methodology in 3GPP to investigate the coexistence requirement is the Monte Carlo approach. The mutual interference impact of radio accesses is investigated based on snapshots where users are randomly placed in a predefined network deployment scenario.
Proposal: Monte Carlo approach is used in the coexistence studies.
2.2 Simulation frequencies
In RAN4#78bis meeting, a way-forward is agreed to study RF parameters for WP5D in the sub-frequency ranges, 24.25-33.4, 37-43.5, 45.5-52.6, and  66-86 GHz [5]. It is for further study which specific frequencies to select for time-consuming studies, such as co-existence simulations. The number of specific frequencies chosen may be less than the number of frequency ranges. 

As we presented in [1], we can select 30GHz, 40GHz, 50GHz, and 70GHz as the representative centre frequency for each frequency range. Furthermore, RAN1 has been already discussing the evaluation scenarios for 30GHz and 70GHz, therefore it is straightforward what parameters and scenarios to be used in the simulations. We can proceed with these two frequencies first as proposed in [2].
2.3 Channel arrangements 
As a first step, the symmetric allocation (equal bandwidth and numerology for the adjacent channels) should be studied [1] according to the channel bandwidth discussed in [2]. In the second step, the asymmetric bandwidths and numerologies should be studied. Both TDD and FDD (in particular dynamic TDD) are necessary [1].
2.4 Interference model
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When considering the interference from aggressors to victims, a simple ACLR/ACS model can be used as in the E-UTRA study [8]. Since the allocated RB bandwidth and numerology may be flexible in the NR in both downlink and uplink, the fractional ACLR/ACS model used in the E-UTRA uplink coexistence study would be useful, where the interference level is assumed flat over channel. If the bandwidth is asymmetric, the factor based on the bandwidth ratio is multiplied to the baseline ACLR/ACS.
In the E-UTRA uplink, ACLR model was 30+X dB for the adjacent frequency range and 45+X dB for the rest, where X was a variable to be decided thorough the coexistence simulations.  It is not necessary to use the same numbers, 30+X and 45+X, in the NR study they are likely more relaxed in mmWave range. To achieve a good ACLR will be challenging in RF implementation of the high frequency band device for the wide contiguous channel bandwidth.
The granularity of ACLR and ACS, X, shall be studied further. It could be frequency band dependent, i.e., it may be different between 30GHz and 70GHz.

When we study dynamic TDD scenarios, all the interfere-victim combinations (UE-UE, UE-BS, BS-UE and BS-BS) for different networks shall be studied as presented in [1]. Note that intra-system UE-UE and BS-BS interference scenarios are not considered as discussed in [1], meaning that the inter-site coordination or co-channel interference cancellation is assumed for unsynchronized Tx/Rx within the single network. On the other hand, inter cell/site interference (BS-UE and UE-BS) with in the same network are included as usual in the coexistence simulations. However, inter-cell/site coordination within the network can be considered but its mechanism (such as CoMP) is premature to say what is supported in the NR. Any coordination among networks are not studied for the moment.
For FDD or synchronized TDD, UE-UE and BS-BS scenarios are not needed. 
Proposal: The interference model can be based on ACLR/ACS model similar to the E-UTRA UL model. A fractional ACLR/ACS can be utilized for asymmetric RB allocations (e.g., due to multiple numerologies, etc). The granularity of ACLR/ACS shall be studied further.
Proposal: UE-UE and BS-BS interference within the same network is not modelled at this stage but FFS. 

Proposal: Inter-cell/site coordination within the same network can be considered but with a baseline study without the coordination.
2.5 Deployment Scenarios, Propagation Conditions and Channel Models

The deployment characteristics are being discussed in WP5D for TG/1 sharing study. The current working assumption is to have Suburban, Urban (above rooftop), Urban (below rooftop), and Indoor scenarios [6].
These scenarios are well aligned with RAN1 evaluation assumptions [7], where Rural, Urban macro, Dense Urban and Indoor scenarios are defined. Indoor and Urban scenarios in [7] can be mapped to the corresponding WP5D scenarios in [6]. However, the rural scenario in RAN1 is not intended for the band above 6 GHz. Thus, the Suburban scenario in WP5D does not have the corresponding one in 3GPP. We can discuss how we treat this scenario in RAN4. For the moment, RAN4 can focus on the scenarios well defined in RAN1.
The scenarios in ITU are for the sharing study with other services than IMT; the scenarios in RAN1 are for evaluating the access technologies; the scenarios in RAN4 are primarily for evaluating the coexistence of access technologies, for example, in multiple networks. The purpose of the studies are different, but the scenarios should be maximally aligned, as they are the same thing from different angles of view.

The available scenarios in the RAN1 evaluations are specified with the necessary deployment aspects such as frequency centre, channel bandwidth, cell layout, and antenna parameters, etc., which are also necessary in the coexistence simulations in RAN4.

In the coexistence simulations, the deployments of multi-operator networks are simulated either in a coordinated or uncoordinated way [8]. Each network’s cell layout is based on the RAN1 evaluation assumption. Each operator is assumed to have the dedicated spectrum adjacent each other as already explained in 2.1.
Proposal: The RAN4 evaluations scenarios should be maximally aligned with the RAN1 evaluation assumptions as well as ITU sharing study.

Proposal: The coexistence in Urban Macro, Urban Micro and Indoor deployment scenarios should be studied first according to RAN1 evaluation assumptions.
Proposal: It is FFS if we include a Suburban scenario according to WP5D.

Proposal: In general, the methodology in TR36.842 should be followed whatever applicable to the NR.
2.6 Base station and UE model

Base station and UE models are included in the RAN1 evaluation assumption [7]. Transmission power, noise figures and antenna gain are included in the model. They can be simply reused in the coexistence simulations.
Certain simplifications are not precluded. For example, the assumption of the receiver is MMSE-IRC in RAN1 evaluation. As we discussed in 2.4, the receiver model can be further simplified.
Proposal: RAN4 should follow RAN1 evaluation assumptions as much as possible for the BS and UE models (Tx power, Noise Figure, Antenna models).
2.7 Beam forming

According to RAN1 assumption, the antenna model is based on the one used in 3D channel model [9], where 2D planer array structure is the baseline. Quite many number of antenna elements are assumed (up to 256 Tx/Rx in BS and up to 32 Tx/Rx in UE) in 30 GHz and 70 GHz scenarios. However, what kind of beam forming or FD-MIMO scheme to be used in the NR is still premature to conclude. In order to proceed the coexistence study, there would be a need to have a simple beam-forming model. For example, the smart antenna model was introduced in E-UTRA narrowband TDD coexistence study, where switched beams were assumed. A model for the NR would not be as simple as such, however, it will be crucial to have a certain model without unnecessary complexity, for example, a simple beam profile with the perfect beam steering may be considered. In addition, how multi layered transmission (SU-MIMO, MU-MIMO, etc) is modelled is important.
The NR above 24 GHz frequency range is supposed to be based on the beam centric access design. Therefore, the dedicated channel would be transmitted over the narrow beam intended to the receiver, especially in downlink direction but also in uplink direction. There is also an ambition to reduce the common channel overhead as much as possible in the NR for the lean design principle. Therefore, the power allocation to the common channels, i.e., the channels transmitted over the wide coverage beam, would be minimized. Nearly zero overhead can be assumed in the ideal case.
Proposal: A certain beam forming model (including multi-layer transmission model) will be required to proceed the coexistence study.

Proposal: The coexistence study should cover a lean carrier aspect of the NR.
2.8 Link level model

Since RAN1 is in an early stage of discussing modulation and coding, the link level performance would not be available soon. In order to proceed with the coexistence study, a possible way-forward is to use the E-UTRA model in [8]. The link level performance is anyway bounded by the Shannon limit. Therefore, the truncated form of Shannon curve is a good approximation of the link level performance. It is possible to modify the attenuation factor and truncated throughput if better coding and wider range of coding gain are assumed in the NR. However, E-UTRA model is already quite good so it can be simply reused until more insight in modulation and coding is available from RAN1. 
Proposal: E-UTRA link level model can be reused for the coexistence simulations until a better model is available from RAN1.

2.9 Power control

Power control scheme of the NR is not clear at this stage of the study. For the coexistence study, one way is to reuse E-UTRA model, where UL power control is based on the coupling loss and DL power control was not introduced.

Due to the expected beam centric design of the NR, where a large antenna gain is expected, which could cause the excessive inter-cell interference if it is without DL power control. Thus, a certain DL power control may be included in the coexistence simulations.
Proposal: Power control is considered for both UL and DL.

2.10 Service Scenario

So far, RAN1 has been using the eMBB use case in the evaluation assumptions. A large channel bandwidth (like 200MHz and 1GHz) is assumed to support high data throughput. The traffic model is the full buffer or ftp model.

Other NR uses cases such as mMTC and URLLC would require different models. For example for mMTC use case, the main goal is to support a massive number of low traffic devices, which may not be connected all the time to the network. The number of UEs, allocated bandwidth and mobility scenario are quite different from eMBB use case. The key performance metric is also expected different, which may affects the coexistence requirements.
However, the service scenarios are not well defined yet for mMTC and URLLC, thus it is difficult to agree on the coexistence simulation assumptions. We propose to wait for the RAN1 evaluation assumption. Then we discuss the required coexistence simulation assumptions for these use cases later on.
Proposal: RAN4 shall focus on the coexistence study of eMBB scenarios for now.
Proposal: For eMBB scenario, traffic and scheduler models shall follow the RAN1 decisions.
Proposal: mMTC and URLLC scenarios shall be considered after RAN1 decides the evaluation scenarios. Then we discuss the required coexistence simulation assumptions in RAN4.
3 Conclusion

Proposal: Monte Carlo approach is used in the coexistence studies.
Proposal: The interference model can be based on ACLR/ACS model similar to the E-UTRA UL model. A fractional ACLR/ACS can be utilized for asymmetric RB allocations (e.g., due to multiple numerologies, etc). The granularity of ACLR/ACS shall be studied further.
Proposal: UE-UE and BS-BS interference within the same network is not modelled at this stage but FFS. 

Proposal: Inter-cell/site coordination within the same network can be considered but with a baseline study without the coordination.

Proposal: The RAN4 evaluations scenarios should be maximally aligned with the RAN1 evaluation assumptions as well as ITU sharing study.

Proposal: The coexistence in Urban Macro, Urban Micro and Indoor deployment scenarios should be studied according to RAN1 evaluation assumptions.
Proposal: It is FFS if we include a Suburban scenario according to WP5D.

Proposal: In general, the methodology in TR36.842 should be followed whatever applicable to the NR.
Proposal: RAN4 should follow RAN1 evaluation assumptions as much as possible for the BS and UE models (Tx power, Noise Figure, Antenna models).

Proposal: A certain beam forming model (including multi-layer transmission model) will be required to proceed the coexistence study.

Proposal: The coexistence study should cover a lean carrier aspect of the NR.

Proposal: E-UTRA link level model can be reused for the coexistence simulations until a better model is available from RAN1.

Proposal: Power control is considered for both UL and DL.

Proposal: RAN4 shall focus on the coexistence study of eMBB scenarios for now.

Proposal: For eMBB scenario, traffic and scheduler models shall follow the RAN1 decisions.
Proposal: mMTC and URLLC scenarios shall be considered after RAN1 decides the evaluation scenarios. Then we discuss the required coexistence simulation assumptions in RAN4.
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