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1 Introduction
The study for NR was kicked off in RAN4#78 meeting. In this paper, the scope of coexistence study necessary in RAN4 are discussed.
2 Discussion
2.1 Scope of RAN4 coexistence study

The primary interest of the coexistence studies in RAN4 has been the derivation of the RF requirement. The coexistence studies have so far been conducted for the multi-operator scenarios where multiple networks are operated in adjacent channels. During the E-UTRA study phase, the coexistence of FDD-FDD systems as well as the coexistence of TDD-TDD systems were studied [1]. Later in the LTE-Advanced study phase, the carrier aggregation was also investigated [2].
A similar coexistence study is needed to derive the RF requirement for the NR system such as ACLR, ACS, etc., where operator’s spectrum allocations are adjacent.
Furthermore, the spectrum sharing may be considered in the NR since the usage of unlicensed spectrum can also be a scenario in the NR. In Rel-13, LAA has been already introduced to support the Scell operation in the 5GHz unlicensed spectrum shared with Wi-Fi and other LAA nodes. In LAA, the sharing mechanism based on LBT has been introduced for the co-channel coexistence. In a similar way, if NR is deployed in an unlicensed band, the coexistence requirement for co-channel deployment as well as the adjacent channel deployment needs to be studied. Nevertheless, no particular unlicensed spectrum is identified so far for the NR. Therefore, this aspect can be in low priority now in the NR study phase.
Proposal: Multiple operator coexistence scenario in the adjacent channels shall be studied in RAN4 for a dedicated (i.e., licensed) spectrum, where a single operator occupies a particular frequency range.
Proposal: For a shared (i.e., unlicensed) spectrum with multiple operators, co-channel coexistence mechanism such as LBT may be required. The adjacent channel coexistence shall also be studied as well. However, this is not necessarily prioritized in the RAN4 study item phase since the sharing mechanism and available frequency band is yet to known.
· Duplex mode
Regarding the duplex mode to be studied in RAN4, we can follow the similar principle in the E-UTRA study unless further information is available from RAN1. Therefore, it is recommended to study FDD-FDD coexistence as well as TDD-TDD coexistence in adjacent channels. In the E-UTRA study, only the synchronized operation was studied for the TDD-TDD scenario. Later RAN4 studied the unsynchronized operation in band 42/43, where UE-UE coexistence requirement (A-MPR through network signalling) was specified assuming 5MHz guard band [3].  
In our view, TDD is the main duplex mode used for the NR system above 6 GHz. Furthermore, the dynamic TDD scheme has been considered for the NR, where uplink and downlink resources are allocated freely for the data transmission while the control part may still be fixed in time. The uplink and downlink may coexist even in the single operator scenario if BS schedulers are independent among cells. In such case, co-channel UL-DL interference among cells in the same network shall be taken care of. The co-channel UL-DL coexistence in the single network is primarily a physical layer aspect requiring certain interference mitigation such as inter-site coordination in the network and/or interference cancellation in the UE. 
Note that UL-UL and DL-DL inter-cell/site interference is normally included in the coexistence simulation; it is for further study what inter-cell/site coordination such as CoMP is assumed for the UL-UL and DL-DL interference. It is not clear yet what mechanisms are supported in the NR and if such mechanism affects the coexistence requirement in the end. As a baseline, no coordination can be assumed in the coexistence simulations as in E-UTRA study.
RAN4’s man focus is on the multiple operator scenario in adjacent channel deployment for uncoordinated transmission and reception among operators. The coexistence of dynamic TDD networks is essentially the same as the unsynchronized TDD operation since the uplink and downlink occurs in uncoordinated ways among the networks. When considering the dynamic TDD-TDD coexistence, the guard band is one of the aspects to be discussed. As mentioned above, 5 MHz guard band is assumed for band 42/43. The required guard band depends of the unwanted emissions, propagation condition, and deployment scenarios, etc.
In the E-UTRA study phase, TDD-FDD coexistence was not discussed but later some requirements were specified in RAN4 such as the coexistence of band 1 and 33/39, band 3 and 39, band 7 and 38, and band 34 and 65, where TDD and FDD are deployed in the adjacent frequencies. The coexistence requirement of these bands was determined based on the regulatory requirement. So far, there is no general framework in 3GPP yet how to handle TDD-FDD coexistence. The coexistence of TDD-FDD in adjacent band can be similar to TDD-TDD unsynchronized operation as TDD UL and DL coexist in adjacent band. Therefore, no particular study would be required in the SI phase if we can conclude the TDD-TDD coexistence. 
In the NR, full duplex scheme may be potentially discussed, where the uplink and downlink coexists even in the same device or equipment. In the multi-operator coexistence perspective, the victim network experience both the uplink and downlink interference simultaneously. However, the bottleneck is in a single link direction for UE-UE coexistence typically, as BS-BS is covered by a collocation scenario. (BS-UE is the same as synchronized network scenario). Therefore, the unsynchronized TDD-TDD coexistence requirement can be reused in principle. In any case, the main challenge of the full duplex is the in-device (or equipment) interference. The multi-operator coexistence scenario is not necessary in RAN4.
Proposal: TDD-TDD coexistence as well as FDD-FDD coexistence in adjacent channels shall be studied.
Proposal: TDD is of the primary interest above 6 GHz.

Proposal: Dynamic TDD shall be considered for the NR. 
Proposal: For dynamic TDD, intra system UL-DL interference mitigation is not a scope of RAN4 coexistence study.
Proposal: Inter-cell UL-UL and DL-DL interference is normally included in the study but the coordination mechanism is TBD. As a baseline, no coordination is assumed.

Proposal: The coexistence requirement of dynamic TDD networks is similar to the one of unsynchronized TDD networks. The required guard band may be studied for different frequency bands and deployment options.
Proposal: TDD-FDD coexistence requirement is similar to the one of unsynchronized TDD-TDD coexistence requirement.

Proposal: Full duplex coexistence study is not necessary in the NR study phase. The coexistence requirement should be similar to the unsynchronized TDD-TDD coexistence.
· Channel bandwidth and arrangement
In the E-UTRA study item, the channel bandwidth from 5 MHz to 20 MHz has been studied. Both the symmetric and asymmetric channel bandwidths were included, i.e., two adjacent operators have different channel bandwidths. Further, the uplink transmission bandwidth is typically narrow due to multiple users and link adaptation. Such aspect was also studied.
For the bands above 6 GHz, RAN1 is discussing the channel bandwidths for evaluation [4] such as 100/200/500/1000 MHz or multiple of 80 MHz for better compatibility with E-UTRA. Although the maximum channel bandwidth is not agreed yet, the scope of channel model study [5] indicates that the industry and academia are considering of using around 1GHz bandwidth and supporting the large channel bandwidths (up to 10% of carrier frequency) in the channel models. Thus, we can use this as guidance how wide the channel bandwidth can be. Although a component carrier bandwidth of an order of 80 MHz or 100 MHz is being discussed, the NR system is expected to support much wider and flexible channel bandwidths. The component carrier is the unit used in DFT operation. The wider spectrum can be supported through the changes in numerology (wider subcarrier spacing) or aggregation of the multiple component carriers. At this moment, the numerology is not yet concluded in RAN1.
For the bands below 6 GHz, the working assumption in RAN1 is 20 MHz, which is the same as E-URTA.

Let us discuss what coexistence scenarios in terms of channel bandwidth are required for the multi-operator scenarios.

Case 1) symmetric bandwidth

Two operators have the equal bandwidth adjacent each other with the same numerology. In case of FDD or synchronized TDD, the scenarios to be studied are BS-to-UE and UE-to-BS interference. 
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For the unsynchronized TDD, BS-to-BS and UE-to-UE interference shall be studied as well. As discussed above, we may need to consider the guard band. The guard band placement have two options as indicated in grey zones in the following figure. A dedicated guard band or unused in-band block are to be investigated. Indeed, in E-UTRA specification, the unused subcarriers are placed near the channel edge even in FDD, which contributes to suppress the adjacent channel leakage. The unused subcarriers may be required depending on the waveform. This aspect will be further studied once the waveform is well defined in RAN1. For the coexistence study, the accumulated interference is treated in terms of ACLR/ACS, so no detail in waveform is necessary at this point.
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As a first step we propose to study a certain reference channel bandwidth with a reference numerology is studied. The reference is the most interested numerology for the band if multiple numerologies are supported in the same band. The expectation is that a certain numerology can be provided from RAN1 in its evaluation purpose. RAN4 can use that for the coexistence study. 
Case 2) asymmetric bandwidth
In case of E-UTRA we have studied 5 MHz and 20 MHz channels adjacent each other. The ratio of the channel bandwidth was four with the same OFDM numerology, i.e., a fractional DFT size is used for 5 MHz and full DFT for 20 MHz. In the NR, we may need to consider more cases due to possible multiple numerologies. In the first figure below, two operators have different channel bandwidths with the same numerology. A fractional DFT is used for the fractional component carrier 1. A full DFT is used in the component carrier 2. The second figure is with different numerologies. Two operators have different channel bandwidths with different numerologies. The last figure is based on the carrier aggregation, where the operator 2 uses four component carriers.
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Proposal: As a basic coexistence scenario, symmetric allocation of a reference bandwidth with the same numerology should be studied first.

Proposal: The guard band scenarios should be well defined for the unsynchronized TDD.

Proposal: For an asymmetric case, we can study scenarios in that a CC is adjacent to a CC with a different numerology and/or multiple aggregated CCs.

· Transmission bandwidth

The transmission bandwidth of the NR is expected quite flexible. Thus, the transmission bandwidth per each TTI can be wideband or narrow-band for both the BS and UE. It is noted the BS transmission is saved as much as possible in the lean design principle, e.g., the cell wide reference signal may not be transmitted all the time over an entire frequency domain. In the E-UTRA study, UE transmission bandwidth lower than the channel bandwidth was considered. A similar approach would be required in both downlink and uplink for the NR especially for the band above 6 GHz.
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Proposal: Narrowband transmission as well as wideband transmission should be considered in coexistence study.
· Multiple Numerologies

As already discussed above, one aspect of the NR is the possible support of multiple numerologies. The multiple numerologies are primarily intended for different frequency bands; however, it is also possible to have multiple numerologies in the same frequency band for different use cases. The example is NB-IoT in E-UTRA, where the narrow-band option is specified for in-band, guard band and standalone deployments. In the NR, more varieties of deployment scenarios are considered to support eMBB, mMTC and URLLC use cases. For example, mMTC in the NR would be introduced as a revolution of the Rel-14 NB-IoT, where the narrowband deployment may be considered to support the ultra-low cost service. URLLC may consider a narrow band option as well as the wideband options. The primary interest in RAN4 is the multi-operator coexistence scenario with uncoordinated transmission and reception. The intra operator coexistence (as studied in NB-IoT) may need to be considered, though it is better supported natively without extra coexistence requirement.
The figure below shows the example that the operator 1 uses the numerology 1-2 while the operator 2 uses the numerology 3-5. It is also noted that these numerologies could be changed dynamically.
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Proposal: The coexistence of multiple numerologies should be considered in RAN4 coexistence study.
2.2 Frequency bands
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 [6]. 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. 

For the coexistence studies, we can select 30 GHz, 40 GHz, 50 GHz, and 70 GHz as the representative centre frequency for each frequency range above. In particular, RAN1 has been already discussing the evaluation scenarios for 30 GHz and 70 GHz, which can be also used for RAN4 coexistence evaluations.
The scope of the SI to cover at least up to 100 GHz. However, there is no strong interest to go beyond 86 GHz. Furthermore, frequency 6-24 GHz was discussed in RAN4#78bis and there was no strong interest as WRC-19 only covers 24.25-86 GHz.
The frequency below 6 GHz is also of interest for the NR. RAN1 already selected 700 MHz and 4 GHz for the NR evaluation below 6 GHz. However, the coexistence requirement below 6 GHz is available in the existing E-UTRA, MSR and AAS specifications, which should be applied to the deployment of the NR to the existing 3GPP bands, too. Therefore, it is uncertain if we need extensive study such as the large-scale coexistence simulations for 700 MHz and 4 GHz. It shall be clarified what study should be done in RAN4 for in terms of coexistence requirement. We have a separate paper presenting our view [7].
Proposal: 30 GHz and 70 GHz are already included in RAN1 evaluation scenarios. RAN4 is encourage to reuse the scenarios.
Proposal: It is to be studied if the extensive simulations are necessary or not for 40 GHz and 50 GHz.
Proposal: Frequency bands in 6-24 GHz are low priorities and what to study is FFS.
Proposal: 700 MHz and 4 GHz should be studied below 6 GHz, however, further clarification of the work scope is required.
2.3 Coexistence with LTE/UMTS/GSM
The NR could be introduced adjacent to LTE/UMTS/GSM. Therefore, the coexistence of the NR and exiting 3GPP technologies shall be guaranteed. It is not necessarily precluded to deploy LTE/UMTS/GSM in the bands above 6 GHz, however, these technologies are not designed or optimized for the high frequency bands. Therefore, it is not common to have LTE/UMTS/GSM in such high frequency bands. Therefore, it should be sufficient that RAN4 studies only the coexistence of NR and NR for the high frequency bands.
Proposal: Only NR-NR coexistence is studied for the bands above 6 GHz. (or at least above 24 GHz.)
Proposal: The coexistence of NR and existing 3GPP technologies must be guaranteed for the bands below 6 GHz.

3 Conclusion

Proposal: Multiple operator coexistence scenario in the adjacent channels shall be studied in RAN4 for a dedicated (i.e., licensed) spectrum, where a single operator occupies a particular frequency range.
Proposal: For a shared (i.e., unlicensed) spectrum with multiple operators, co-channel coexistence mechanism such as LBT may be required. The adjacent channel coexistence shall also be studied as well. However, this is not necessarily prioritized in the RAN4 study item phase since the sharing mechanism and available frequency band is yet to known.
Proposal: TDD-TDD coexistence as well as FDD-FDD coexistence in adjacent channels shall be studied.
Proposal: TDD is of the primary interest above 6 GHz.

Proposal: Dynamic TDD shall be considered for the NR. 

Proposal: For dynamic TDD, intra system UL-DL interference mitigation is not a scope of RAN4 coexistence study.

Proposal: Inter-cell UL-UL and DL-DL interference is normally included in the study but the coordination mechanism is TBD. As a baseline, no coordination is assumed.

Proposal: The coexistence requirement of dynamic TDD networks is similar to the one of unsynchronized TDD networks. The required guard band may be studied for different frequency bands and deployment options.
Proposal: TDD-FDD coexistence requirement is similar to the one of unsynchronized TDD-TDD coexistence requirement.

Proposal: Full duplex coexistence study is not necessary in the NR study phase. The coexistence requirement should be similar to the unsynchronized TDD-TDD coexistence.

Proposal: As a basic coexistence scenario, symmetric allocation of a reference bandwidth with the same numerology should be studied first.

Proposal: The guard band scenarios should be well defined for the unsynchronized TDD.

Proposal: For an asymmetric case, we can study scenarios in that a CC is adjacent to a CC with a different numerology and/or multiple aggregated CCs.

Proposal: Narrowband transmission as well as wideband transmission should be considered in coexistence study.

Proposal: The coexistence of multiple numerologies should be considered in RAN4 coexistence study.
Proposal: 30 GHz and 70 GHz are already included in RAN1 evaluation scenarios. RAN4 is encourage to reuse the scenarios.
Proposal: It is to be studied if the extensive simulations are necessary or not for 40 GHz and 50 GHz.
Proposal: Frequency bands in 6-24 GHz are low priorities and what to study is FFS.

Proposal: 700 MHz and 4 GHz should be studied below 6 GHz, however, further clarification of the work scope is required.
Proposal: Only NR-NR coexistence is studied for the bands above 6 GHz. (or at least above 24 GHz.)

Proposal: The coexistence of NR and existing 3GPP technologies must be guaranteed for the bands below 6 GHz.
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