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During the RAN1 #92 meeting [1], it was agreed that, for NR-U simulation evaluation, the coexistence of NR-U with other networks (e.g. WiFi, LAA LTE, NR-U) should be considered. Specifically,
· 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

In addition, for NR-U simulation methodology, the following were agreed [1]:
· 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 modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 

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

This contribution focuses on the coexistence evaluation in the 60 GHz frequency band, where IEEE 802.11ad has been deployed. We first summarize the basic beamforming and channel access procedures used in IEEE 802.11ad and then discuss what should be considered for the system simulations as far as the coexistence with IEEE 802.11ad is concerned.   
Basic procedures of IEEE 802.11ad in 60 GHz band   
The IEEE 802.11ad amendment was published in 2012 with aims to enable Wi-Fi operation in the 60 GHz frequency band (typically 57-66 GHz) capable of multi-Gbps throughput. To overcome a large propagation loss, use of directional multi-gigabit (DMG) antenna is assumed in the standard. A DMG antenna may be a phased array, a single element antenna, or a set of switched beam antennas covered by a quasi-omni antenna pattern. For an 802.11ad device, it is assumed that there is one RF chain connected to one DMG antenna, or one RF chain switched between multiple DMG antennas. In the following, we briefly summarize two basic PHY procedures, beamforming and channel access procedures, in IEEE 802.11ad which may have impact on NR-U operations in the same band [4].

Beamforming procedure
In IEEE 802.11ad, a pair of stations (STAs) must perform beamforming training to find the most suitable Tx and Rx directions before the data communication between them. The 802.11ad specification has three protocols for beamforming training:
· Sector Level Sweep (SLS): The goal of SLS is to determine initial coarse Tx directions for both initiator and responder. In this protocol, the STA that initiates the SLS is called initiator and the other STA is called responder. Although it’s possible to perform a receiver sector sweep (RXSS) by either party, SLS typically does Transmitter Sector Sweep (TXSS), which is used by the initiator and responder to select a transmit sector based on the other STA’s feedback. It is assumed that a receiver uses a quasi-omni pattern in a TXSS of SLS. To improve spectrum efficiency, 802.11ad introduced a mechanism to allow one to multiple Initiator-TXSS via beacons frames. 
· Beam Refinement Protocol (BRP): BRP is a process in which a STA trains its RX and TX antenna array(s) and improves its TX antenna configuration and RX antenna configuration using an iterative procedure. It comprises a BRP setup subphase, a Multiple sector ID Detection (MID) subphase, a Beam Combining (BC) subphase, a subset of the previous subphases, and beam refinement transactions. In 802.11ad, these subphases are optional.
· Beam tracking: In 802.11ad, TX or RX training fields may be optionally appended to a data PPDU. They are used to improve the link quality by adjusting the Tx and/or Rx directions during data transmission.

Channel Access Procedure
During the SLS, the first sector sweep frame of the SLS from the initiator may follow the channel access rules, but it is not mandatory to do so in all cases. If there are multiple responders responding to the initiator’s sector sweep via RXSS, they will need to contend for the media via a slotted Aloha process. One should keep in mind that the carrier sensing in slotted Aloha is optional in 802.11ad.
In 802.11ad, the data transmission takes place in the data transmission intervals (DTI) which may contain contention-based access periods (CBAPs) and service periods (SPs). The SPs are for contention free communication between two nodes. An AP may schedule an entire DTI of a beacon internal as one CBAP.  In a CBAP, the channel access rule follows the procedures defined for Enhanced Distributed Channel Access (EDCA) scheme which enables contention for the medium based on the traffic priority. If a STA is specified by the AP as the source of a CBAP, the STA may initiate a frame transmission within a CBAP immediately after the medium is determined to be idle for PIFS (8 µs). An AP may also dynamically allocate SPs within an existing CBAP or SP. In this case, the AP performs polling after acquiring the medium. Based on the Service Period Request (SPR) received, the AP sends a grant frame to individual STA(s) to allocate an SP.    
It should be noted that the BRP and beam tracking procedures described above happen within a DTI.   
Coexistence Issues on 60 GHz channels
Since IEEE 802.11ad has been adopted in Wi-Fi systems in the 60 GHz frequency band, it should be included in the coexistence study for NR-U in the 60 GHz band under the consideration of fairness and efficiency. From above brief overview in Section 2, we see that the basic operations in IEEE 802.11ad are beam based, which should also be the same for NR-U’s operation in the same band. In 3GPP Rel. 15, beam management (BM) procedures have been defined, which include beam sweeping, beam measurement, beam determination, beam reporting, and beam failure recovery. These procedures are very similar to those in IEEE 802.11ad. Therefore, a beam management procedure similar to that of NR BM should be used for NR-U operations in 60 GHz band.    
Proposal 1: For coexistence evaluation in mm-wave bands such as the 60GHz band, the NR beam management principle should be reused.
There are a few issues that need to be addressed:
1) Although LBT is a critical procedure for ensuring coexistence, in 60 GHz band, it is not a mandatory requirement in many countries and regions, e.g., US, China, Japan and Korea. 
2) As shown in Section 2, LBT is not always required in some of channel access procedures for IEEE 802.11ad during beamforming. Within the Data Transmit Interval (DTI), data may be transmitted in a contention-free Service Period (SP) which is controlled by a scheduler. 
It should be noted that, transmitting any signals in an unlicensed band without LBT may appear on the outset a major issue for coexistence of different wireless nodes in an area. However, if the transmission is highly directional, the impact of transmission without LBT may not be a major issue. This may be more likely in indoor and sparse deployment scenarios. 
Given the situation described above, we believe RAN1 should consider directional transmission without LBT as an option for NR-U operations in 60 GHz, including beam management procedures, data transmission and feedback procedures.  
To understand the impact of such an option, RAN1 simulation evaluation should include deployment scenarios in which some nodes are allowed to transmit signals directionally without use of an LBT procedure.   
Proposal 2: For coexistence evaluation in the 60 GHz band, consider the regulatory requirement which in some cases allow directional transmission without LBT.   
For regulatory domains where LBT may be needed, mechanisms such as discussed in the companion contribution [5] should be considered.    
Simulation Scenarios on 60GHz channels
Since coexistence in the 60 GHz with WiFi currently only includes IEEE 802.11ad devices, the following considerations should be made for those devices:
· Indoor deployments only – since 802.11ad was designed primarily for indoor use cases
· Usage models
· Displays, e.g. computer monitors
· Consumer electronics, e.g. HDTV, video cameras
· Rapid file transfers, e.g. video kiosks
· Docking, e.g. computer peripherals, monitors, I/O devices
· Backhaul
Proposal 3: For 60 GHz band coexistence evaluation, NR-U indoor simulation scenarios should only consider NR-U and IEEE 802.11ad devices.  
Since NR-U agreed that indoor mmW would reuse the indoor sub7GHz topology, we propose using Option 3 as well as Option 1 for the coexistence evaluations. Use of the Option 3 model will help to ensure that NR-U operation will not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. The Option 3 model includes walls and partitions which can address NLOS indoor propagation scenarios. We prefer the Option 1 model over the Option 2 model to focus more on denser deployments and any issues they may bring. The following summarizes these network topologies:
· Proposed NR-U mmW indoor deployment scenarios
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 3: Modified IEEE 802.11ad Enterprise Cubicle scenario [2,3]
· 2 operators (one of the following combinations: NR-U & NR-U, NR-U & 802.11ad, 802.11ad & 802.11ad)
Note: the updated and improved 60 GHz amendment currently in development – IEEE Task Group ay (TGay) – will support outdoor distributed network backhaul deployments, and up to 20 Gbps throughput by utilizing channel bonding or aggregation with bandwidth ranging from 2.16 GHz to 8.64 GHz and multiple antenna techniques such as SU and MU MIMO.
Proposal 4: For 60 GHz band coexistence evaluation, NR-U simulation should consider Option 1 and Option 3 network topologies.  
The following briefly summarizes the simulation scenario parameter assumptions for the network topology options in Table 1 and Table 2 for Option 1 and Option 3, respectively.
Table 1 summarizes simulation scenario parameter assumptions for indoor, above 7 GHz, i.e. Indoor Hotspot.
Table 1: Indoor, above 7 GHz (TR 38.802)
	
	NR-U
	802.11ad

	Layout for nodes
	Two operators deploy 12 small cells each in the single-floor building. 
The small cells of each operator are equally spaced on two rows along the shorter dimension of the building. The distance between two closest nodes from two operators is random subject to a minimum distance e.g. 5 meters. The distance between same operators on each row is 20 meters. Both rows of small cells for both operators are along the longer dimension of the building.



	Carrier frequency
	60 GHz

	System bandwidth per carrier
	1.584 GHz
	2.16 GHz

	BS Tx power
	14 dBm
	10 dBm

	UE Tx power
	21 dBm
	10 dBm

	BS Antenna gain + connector loss
	5 dBi
	14 dBi

	UE Antenna gain
	0 dBi
	14 dBi

	BS/AP antenna array configuration
	(M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE/STA antenna array configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	BS/AP noise figure
	7 dB
	10 dB

	UE/STA noise figure
	13 dB
	10 dB

	Propagation & fast fading channel models
	5GCM Indoor Open Office according to TR 38.901



Table 2 summarizes simulation scenario parameter assumptions for an IEEE 802.11ad Enterprise Cubicle scenario.
Table 2: IEEE 802.11ad Enterprise Cubicle scenario [2,3]
	
	NR-U
	802.11ad

	Layout for nodes
	Laptop (STA 2 or UE 2) transmitting lightly compressed video to monitor (STA 1 or UE 1). Laptop (STA 2 or UE 2) connected to AP (or BS). Laptop (STA 2 or UE 2) connected to hard drive (STA 3 or UE 3).
Cubicle layout:
· Single cubicle (length, width) in meters: 2.5m x 1.8 m
· 2 sets of 8 cubicles in 4 rows, 2 columns
· Ceiling height 3m
· Floor dimension: 25m x 25m
First set of 8 cubicles use either NR-U or 802.11ad, the second set of eight cubicles use either 802.11ad or NR-U. Example configuration is shown below where first set of 8 cubicles use 802.11ad and the second set of 8 cubicles use NR-U.
AP (or BS): Located in the ceiling in the middle of the group of cubicles as indicated in figure below, at a height of 2.9m.
Devices in each of the populated cubes:
· STA 1 (or UE 1):
1. Monitor
2. Location: (x=0.5 m, y=0.5 m) from the lower left corner of each cube shown in figure below, z fixed at 1m. Optionally, the laptop could be randomly placed within the cubicle(s) at the same z (1m).
3. Traffic type: receiving lightly compressed video from STA 2 (or UE 2)
· STA 2 (or UE 2):
1. Laptop
2. Location: (x=1 m, y=0.25 m) from the lower left corner of each cube shown in figure below, z fixed at 1m. Optionally, the laptop could be randomly placed within the cubicle(s) at the same z (1m).
3. Traffic types:
a. Transmitting lightly compressed video to STA 1 (or UE 1) with target bit rate (p) equal to 600 Mbps
b. Local file transfer to/from AP (or BS)
c. Local file transfer to/from STA 3 (or UE 3)
d. Web browsing to/from AP (or BS)
· STA 3 (or UE 3):
1. Hard drive
2. Location: (x=0.25m, y=1m) from the lower left corner of each cube shown in the figure below, z fixed at 1m
3. Traffic type: Hard disk file transfer to/from STA 2 (or UE 2)



	Carrier frequency
	60 GHz

	System bandwidth per carrier
	1.584 GHz
	2.16 GHz

	BS or AP Tx power
	14 dBm
	10 dBm

	UE or STA Tx power
	21 dBm
	10 dBm

	BS or AP Antenna gain 
	5 dBi
	14 dBi

	UE or STA Antenna gain
	0 dBi
	14 dBi

	BS or AP antenna array configuration
	(M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE or STA antenna array configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	BS or AP noise figure
	7 dB
	10 dB

	UE or STA noise figure
	13 dB
	10 dB

	Propagation & fast fading channel models
	5GCM Indoor Open Office according to TR 38.901

	Cubicle wall penetration loss
	TBD



Conclusions
In this contribution, we summarized the beamforming and channel access procedures adopted in IEEE 802.11ad in 60GHz frequency band and raised some issues related to existence of NR-U with 802.11ad. We have the following proposals:
Proposal 1: For coexistence evaluation in mm-wave bands such as the 60GHz band, the NR beam management principle should be reused.
Proposal 2: For coexistence evaluation in the 60 GHz band, consider the regulatory requirement which in some cases allow directional transmission without LBT.   
Proposal 3: For 60 GHz band coexistence evaluation, NR-U indoor simulation scenarios should only consider NR-U and IEEE 802.11ad devices.
Proposal 4: For 60 GHz band coexistence evaluation, NR-U simulation should consider Option 1 and Option 3 network topologies.
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