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1. Introduction
In the new SID on NR-based access to unlicensed spectrum (NR-U) [1], coexistence methods for intra-/inter-NR-U as well as between NR-U and LTE LAA and other incumbent RATs such as Wi-Fi in accordance with the regulatory requirements, are proposed for further study.
The NR-based unlicensed access design should allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum.
This study item will include the following objectives
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

In this contribution, we discuss the scenarios and methodology for evaluating different coexistence solution proposals.
2. NR-U evaluation scenarios
As similar to LTE LAA SI, scenarios for NR-U coexistence evaluations include the following
· Indoor scenario, e.g., indoor hotspot (InH)
· Outdoor scenario, e.g., Dense Urban
Proposal 1: Scenarios for NR-U coexistence evaluations include the following
· Indoor scenario, e.g., indoor hotspot (InH)
· Outdoor scenario, e.g., Dense Urban
3. NR-U evaluation methodology
As similar to LTE LAA SI [2], the following two coexistence cases should be evaluated, 
· coexistence between two NR-U operators
· coexistence between NR-U and incumbent systems
The main incumbent systems in the 5 GHz band includes Wi-Fi based on IEEE 802.11n/ac/ax technologies, MulteFire, and LTE LAA systems. Considering various Wi-Fi technology versions in the 5 GHz band (e.g., IEEE 802.11n/ac/ax) have similar contention-based channel access mechanism, namely, carrier sense multiple access with collision avoidance (CSMA/CA), and IEEE 802.11ax has the highest spectrum efficiency, so it is recommended to only evaluate the coexistence between NR-U and IEEE 802.11ax for simplification.
The main incumbent systems in the 60 GHz band are Wi-Fi based on IEEE 802.11ad/ay technologies. IEEE 802.11ad/ay define 2.16 GHz wide channels in 60 GHz band and use beamforming technique. It is recommended to only evaluate the coexistence between NR-U and IEEE 802.11ay for simplification.
Proposal 2: The following coexistence cases are evaluated
· coexistence between two NR-U operators
· coexistence between NR-U and incumbent systems
· In 5GHz band, the incumbent systems to be evaluated at least include: LTE LAA, IEEE 802.11ax and MulteFire.
· In 60GHz band, the incumbent systems to be evaluated at least include: IEEE 802.11ay.
LTE LAA only works in carrier aggregation (CA) mode, and it mainly involves two kinds of LBT mechanism, i.e., Cat 4 LBT for PDSCH/PDCCH/EPDCCH channel with lower channel access priority, and one shot LBT for discovery reference signal (DRS) with higher channel access priority. Only Cat 4 LBT mechanism was evaluated in LTE LAA SI, and fair-coexistence between two LAA operators and between LAA-WiFi were concluded. Note that the periodicity of DRS, namely, the periodicity of discovery signals measurement timing configuration (DMTC), is selected from 40ms, 80ms, and 160ms, which is much sparser than PDSCH/PDCCH/EPDCCH channel, so it can be predicated that the aggressive but sparse DRS may has ignorable effect on the fair-coexistence conclusion between LTE LAA and Wi-Fi. 
Compared to LTE LAA, NR-U supports more woking modes, such as,
· Carrier aggregation (CA) between licenced NR and NR-U
· Dual connectivity (DC) between licenced NR and NR-U
· Dual connectivity (DC) between licenced LTE and NR-U
· Standalone operation
In the latter three working modes, due to the lack of assistance from licenced band, more channels and/or functions and/or procedures, other than DRS, will work in unlicensed band, and they may require higher channel access priority, e.g., DRS-like one shot LBT, than PDSCH/PDCCH/EPDCCH channel. These channels/functions/procedures may include, and not limited to
· Initial accss procedure, include SS-block, RMSI, and PRACH channels
· Moblity related procedure, include RLM and Paging
· Uplink Control Information (UCI) and Scheduling Request (SR) transmission
These DRS-like channels/functions/procedures mentioned might happen more frequently than the DRS in LAA and have more significant effect on coexistence between NR-U and incumbent systems. Therefore, considering the NR-U system as a whole, not only the PDSCH/PDCCH/EPDCCH channels, but also the DRS-like channels/functions/procedures should be under consideration for fair coexistence evaluation. 
Proposal 3: At least in the following woking modes
· Dual connectivity (DC) between licenced NR and NR-U
· Dual connectivity (DC) between licenced LTE and NR-U
· Standalone operation
a completed NR-U system, at least including following channels/signals in an unlicensed band, should be under consideration for fair coexistence evaluation between NR-U and incumbent systems. The mentioned channels/signals includes,
· PDSCH/PUSCH/DRS
· SS-block/RMSI/PRACH/Paging
· UCI/SR
The coexistence evaluation methodology defined by LTE LAA can be taken as the baseline for NR-U, with following modifications,
· In the coexistence case between NR-U and incumbent systems, the following evaluation methodology is followed.
· For each UE and TRP/AP drop
· Step 1: Performance metrics for two incumbent systems networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: incumbent systems is replaced with NR-U for the group of TRP/AP and UEs served by one of the incumbent system operators. Performance metrics of the incumbent system network coexisting with the NR-U network are evaluated and recorded.
· A comparison of the performance metrics between the two steps for the incumbent system network that was not replaced with NR-U can be used to evaluate coexistence between NR-U and incumbent system in an unlicensed band. 
· In the coexistence case between two NR-U operators, the following evaluation methodology is followed.
· Performance metrics for two NR-U operators coexisting in a given evaluation scenario are evaluated and recorded.
· A comparison of the performance metrics for the two NR-U operators can be used to evaluate coexistence between two NR-U operators in an unlicensed band.
Proposal 4: In the coexistence case between NR-U and incumbent systems, the following evaluation methodology is followed
· For each UE and TRP/AP drop
· Step 1: Performance metrics for two incumbent systems networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: incumbent systems is replaced with NR-U for the group of TRP/AP and UEs served by one of the incumbent system operators. Performance metrics of the incumbent system network coexisting with the NR-U network are evaluated and recorded.
· A comparison of the performance metrics between the two steps for the incumbent system network that was not replaced with NR-U can be used to evaluate coexistence between NR-U and incumbent system in an unlicensed band. 
Proposal 5: In the coexistence case between two NR-U operators, the following evaluation methodology is followed.
· Performance metrics for two NR-U operators coexisting in a given evaluation scenario are evaluated and recorded.
· A comparison of the performance metrics for the two NR-U operators can be used to evaluate coexistence between two NR-U operators in an unlicensed band.
4. Conclusions
In this contribution, we discuss we discuss the scenarios and methodology for evaluating different coexistence solution proposals, and have made following proposals: 
Proposal 1: Scenarios for NR-U coexistence evaluations include the following
· Indoor scenario, e.g., indoor hotspot (InH)
· [bookmark: _GoBack]Outdoor scenario, e.g., Dense Urban
Proposal 2: The following coexistence cases are evaluated
· coexistence between two NR-U operators
· coexistence between NR-U and incumbent systems
· In 5GHz band, the incumbent systems to be evaluated at least include: LTE LAA, IEEE 802.11ax and MulteFire.
· In 60GHz band, the incumbent systems to be evaluated at least include: IEEE 802.11ay.
Proposal 3: At least in the following woking modes
· Dual connectivity (DC) between licenced NR and NR-U
· Dual connectivity (DC) between licenced LTE and NR-U
· Standalone operation
a completed NR-U system, i.e., at least include the following channels/signals in an unlicensed band, is under consideration for fair coexistence evaluation between NR-U and incumbent systems, wherein, the mentioned channels/signals includes,
· PDSCH/PUSCH/DRS
· SS-block/RMSI/PRACH/Paging
· UCI/SR
Proposal 4: In the coexistence case between NR-U and incumbent systems, the following evaluation methodology is followed
· For each UE and TRP/AP drop
· Step 1: Performance metrics for two incumbent systems networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: incumbent systems is replaced with NR-U for the group of TRP/AP and UEs served by one of the incumbent system operators. Performance metrics of the incumbent system network coexisting with the NR-U network are evaluated and recorded.
· A comparison of the performance metrics between the two steps for the incumbent system network that was not replaced with NR-U can be used to evaluate coexistence between NR-U and incumbent system in an unlicensed band. 
Proposal 5: In the coexistence case between two NR-U operators, the following evaluation methodology is followed.
· Performance metrics for two NR-U operators coexisting in a given evaluation scenario are evaluated and recorded.
· A comparison of the performance metrics for the two NR-U operators can be used to evaluate coexistence between two NR-U operators in an unlicensed band.
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