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Introduction
[bookmark: _Ref398821160][bookmark: _Toc507345660]In RAN1#92 meeting, simulation methodology for NR-U operation was discussed and several agreements were agreed as below:
Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation
· NR-unlicensed simulation evaluation considers the following scenarios
· Indoor sub-7GHz, 2 operators
· Outdoor Sub-7 GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor mmW, 2 operators
· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.
· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.
· Deployment scenarios to simulate
· CA between NR licensed cell and NR unlicensed cell
· DC (with LTE and with NR)
· SA
· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios
· Note: Only unlicensed cell(s) is simulated.
· Note: The licensed cell may not be explicitly modelled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 
· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)
· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)
· Fairness criterion for coexistence with 11ax can be further discussed at plenary level
· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)
· From SID: 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
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands
Agreement:
The following network topologies are included in the evaluations:
· Indoor sub7GHz, choose one of the following options
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)
· Option 3: Based on IEEE indoor enterprise model with modifications
· Outdoor sub7GHz
· NR dense urban scenario with two layers, but only consider the micro layer
· Randomly drop one micro layer per operator
· Indoor mmW
· Reuse indoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results
· Outdoor mmW
· Reuse outdoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results

In this contribution, we discuss the remaining issues of simulation methodologies for NR unlicensed operations. 
Discussion
In last meeting, high level agreements on simulation methodology for NR-unlicensed evaluation were reached, and the detail parameters should be further refined.
Network topologies 
For indoor scenario with sub-7GHz, three alternatives of network topologies were listed in the following to be chosen:
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)
· Option 3: Based on IEEE indoor enterprise model with modifications
For option2, it is not sure whether sparse gNB deployment can provide enough coverage.   For option 3, it is not clear how to do the modifications to align with the NR small deployment scenario. If the main purpose is to consider additional scenario with walls in the deployment, we can extend the indoor open office model with walls by considering all links cross a wall is NLOS.  The preferred solution is option 1 as the starting point.   Other options could be further considered by companies with additional resource for evaluation and comparison.
For indoor scenario with mmW, using the same network topologies as sub-7GHz maybe too sparse, a denser deployment can be used. For example, each operator with 12 gNBs can be considered.

Since two operators are considered in simulation scenarios, how to determine the distance between two operators should be considered. In LAA TR36.889, the distance of 2 operators is randomly set to reflect the uncoordinated deployment scenarios. Considering the uncertainty on locations of other operator’s gNBs, we can also apply random dropping for gNB positions in NR-U evaluation.

Evaluation methodology 
It is expected that the channel access procedure of NR-U is defined based on LTE LAA LBT, except that NR-U should support more efficient channel access procedure than that in LTE LAA  because of NR-U’s flexible frame structure and numerologies. The mini-slot and multiple sub-carrier spacing capabilities supported by  NR-U enable  accessing the channel in timely manner, filling channel access gaps more closely, thereby reducing the transmission gaps.  Therefore, NR-U simulation methodology should include  the use of flexible frame and numerology capabilities.
It was agreed that coexistence with other networks should be considered in the evaluation. The evaluation methodology for the LTE-based LAA coexistence with WiFi in 5GHz band can be considered as the baseline for 5GHz operation. For NR-U coexistence evaluations the following coexistence cases can be considered:
· NR-U and NR-U coexistence 
· NR-U and LTE-LAA coexistence
· NR-U and WiFi coexistence
The evaluation methodology of NR-U and LAA/WiFi coexistence case can be as follows, first evaluate the performance of two LTE-LAA/WiFi networks coexisting, then some of the LTE-LAA/WiFi nodes are replaced by NR-U nodes for the group of eNBs and UEs served by one of the LAA/WiFi operators. The two step procedures can be used to evaluate coexistence between NR-U and LTE-LAA/Wi-Fi in an unlicensed band by comparing the output of the performance matrices. From the performance results, we can observe whether the addition of NR-U would have more or less degree of impact to the performance of LTE-LAA/WiFi comparing to an additional LTE-LAA/WiFi network on the same carrier based on the proposed coexistence methodology.
In the NR-U and NR-U coexistence case, the performance metrics for two NR-U operators coexisting in a given evaluation scenario are evaluated. A comparison of the performance metrics for the two NR-U operators can be used to evaluate coexistence between two NR-U operators. 

Some detailed NR-U simulation assumptions
In NR Rel-15, the maximum carrier bandwidth is 100MHz for sub 6GHz and 400MHz for above 6GHz. NR-U carrier bandwidth larger than 20MHz should also be considered in NR-U evaluation, e.g. 40MHz or 80MHz can be used for NR-U in unlicensed bands.
There are many type of traffics for realistic transmission, such as FTP, VoIP, video, and so on. Typically, FTP traffic model 1 or 2 is theoretically based Poisson traffic arrival. It is naturally to use the FTP model 1 or 2 traffic model to evaluate the co-existence between NR-U and LTE-LAA/Wi-Fi. It can be assumed that the file size of FTP model 1 or 2 traffic model is 0.5M bytes.
The performance metrics of the evaluation shall at least include distributional statistics of the user throughputs and latency. The statistics shall consist of at least the 5%, 50%, and 95%-tile values of these performance metrics for a set of low, medium and high traffic loads.

Conclusions
In this contribution, remaining issues of evaluation methodologies for NR-U were discussed. For network topologies, we propose to use option 1 for indoor scenario with sub-7GHz and use random dropping for gNB positions in NR-U evaluation. For evaluation method, we propose to reuse LTE-LAA simulation scenarios to compare the performance between NR-U and LTE-LAA/WiFi. For the other detailed simulation parameters, we propose to consider larger bandwidth for NR-U in unlicensed bands, use FTP model 1, 2 for traffic model and consider at least UPT and latency for performance metrics.
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