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1	Introduction
In RAN plenary #75, a new Study Item “Study on NR-based Access to Unlicensed Spectrum” has been approved [1]. One of the objectives is that the NR-based unlicensed access design should allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum.
· 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 analyse coexistence methods in different unlicensed frequency bands. Furthermore, we discuss enhancements on UL channel access and preliminary considerations on wide-band channel access.

2	Coexistence method for different frequency bands
As unlicensed spectrum is a shared and open resource, every terminal with the same or different RATs should have the equal rights to access the channel. Therefore, coexistence methods are key design features for NR-based operation in unlicensed spectrum. In this section, we discuss potential coexistence methods for NR unlicensed operation in various candidate unlicensed bands.
5 GHz
In order to ensure coexistence fairness with incumbent systems in 5 GHz unlicensed spectrum, LTE Rel-13 and Rel-14 licensed-assisted access (LAA) and eLAA have studied energy detection based LBT procedure for both downlink and uplink operations. NR-Unlicensed targets to operate as a “good neighbour” towards all legacy systems in 5 GHz unlicensed spectrum, including Wi-Fi, LTE LAA. LBT procedures adopted by LTE-LAA offer a good baseline solution for NR unlicensed. However, potential further enhancements based on channel access framework defined in regulation (ETSI regulation) may be considered during the study item.
It should be noted that the total RF output power is restricted by EIRP limitation in both ETSI and FCC regulation. And, both antenna gain and additional beamforming gain should be taken into account into this limitation. That means directional transmission with high beamforming gain cannot lead to additional coverage, if the device is able to reach maximum output power with omni-direction. And, it is more cost efficiency to increase the maximum out power than to introduce additional beamforming gain Hence, the transmission is more favorable to single beam operation in low frequency unlicensed spectrum (e.g., <7 GHz), which leads to much higher efficiency compared to beamforming with beam sweeping operation. If beamformed transmission will not be considered in 5 GHz unlicensed bands, directional LBT is not required.
Proposal 1: In 5 GHz unlicensed spectrum, NR unlicensed can use LTE-LAA LBT procedures as a baseline solution.

6 GHz
As mentioned in our companion contribution [3], opening significant bands on 6 GHz for unlicensed access is currently considered in US and EU regulatory bodies. This means a “greenfield” channel access design could be considered on 6 GHz unlicensed spectrum. However, coexistence fairness should also be considered for a new channel access mechanism, as Wi-Fi systems are also expected to start to use this spectrum and other incumbent systems (such as fixed satellite services (earth-to-space) and fixed services (links)) have been deployed widely. If unlicensed access is allowed on 6 GHz, 3GPP should study the coexistence method and provide the result to corresponding regulatory bodies.
Observation 1: A ‘greenfield’ channel access design could be considered and studied for 6 GHz bands.
37 GHz
The regulations of 37 GHz in different regions are under development or not clear at the moment. However, these bands may not be fully unlicensed. A priority based spectrum sharing mechanism (similar to the US CBRS at 3.5 GHz) may be required for these bands. When 3GPP starts to develop NR based operation for these bands, the coexistence method design should take the priority based spectrum sharing into account.
60 GHz
While the 60 GHz frequencies show high propagation path loss, directional transmissions become highly attractive by providing additional beamforming gain. Furthermore, beamformed transmission and reception can allow for additional spatial multiplexing. As show in Figure 2, Devices with (partially) overlapped coverage can perform beamformed transmission simultaneously.
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Figure 2. spatial multiplexing by means of directional transmission.
Since legacy channel access mechanisms in LAA and eLAA are mainly designed for omni-directional transmission, co-existence methods need to be enhanced for beamformed transmission with high antenna gain in 60 GHz spectrum. In the 60 GHz band, the main incumbent systems are 802.11ad and its further evolution 802.11ay, which apply 2.16 GHz channel bandwidth. An LBT mechanism, which is defined by ETSI [2], is mandatory at least in Europe for 60 GHz. Coexistence design for NR unlicensed in 60 GHz should be compliant with this regulation for coexistence fairness. However, potential further enhancements (e.g., to enhance the spatial reuse and to protect beam sweeping operation) may be considered during the study item.
Proposal 2: Coexistence design for NR unlicensed in 60 GHz shall be compliant to regulation in different regions. However, potential further enhancements (e.g., to enhance the spatial reuse and to protect beam sweeping operation) may be considered during the study item.




3	UL Channel access enhancement   
In Rel-15 LTE LAA WI, RAN1 concluded that the benefits of supporting autonomous uplink access in unlicensed spectrum include: 
1. UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission; 2. UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where few nodes contend for the channel. 
With the similar purpose, autonomous UL access should be studied and supported in NR unlicensed operation.
Proposal 3: Autonomous UL access should be studied and supported in NR unlicensed operation.
With the experience of LAA/eLAA channel access design, we find that energy detection based LBT procedure may suffer from the hidden node issue. As shown in Figure 3, the gNB A and the gNB B cannot sense each other due to outside the sensing range. However, the UE A is able to sense both gNBs. Before the gNB A transmits UL grant to the UE A, the gNB senses the channel to be idle with LBT category 4 procedure, although gNB B is transmitting data to UE B. After receiving the UL grant, UE A may sense the channel to be busy, when it performs 25 us one-shot LBT before its UL transmission. Hence, the scheduled UL resources are wasted due to failed UL LBT, which may degrade the UL performance dramatically and result in inefficient spectrum utilization. 
Observation 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum


Figure 3. Hidden node issue for UL transmission in unlicensed spectrum.
To minimize the impact of hidden nodes on UL transmission, an over-booked UL scheduling and channel access can be considered. More specifically, the gNB could schedule UL transmissions from different UEs on the same time-frequency resource. By managing different transmission starting positions, collisions caused by overbooking can be reduced, and UL access probability is increase. Alternatively, with fast energy detection based on necessary signals, the gNB can identify the colliding UEs.
Proposal 4: Overbooked UL transmissions can be considered to increase UL access probability.

4	Channel access for wider bandwidth operation 
Different from LTE system, NR supports wider bandwidth operation. The maximum channel bandwidth per NR carrier is 100MHz for <6GHz and 400 MHz for 6~52.6GHz in Rel-15. As indicated in our previous contribution [2], there are hundreds of MHz of spectrum available in 5 GHz and 6 GHz unlicensed frequency bands and multiple GHz of spectrum available in the 60 GHz unlicensed band. Hence, NR-U shall also support wider bandwidth operation due to the benefit of higher spectrum utilization and lower baseband complexity. In the following, our discussion focuses on channel access for wider bandwidth operation in 5 GHz unlicensed spectrum.Channel contention mechanism for wideband operations needs to be considered during the SI, as it is one of the key components for efficient wideband operation. It should be noted that some of the regulatory rules, e.g. ETSI’s standard, require LBT operation on 20 MHz grid at 5 GHz band. Consequently, both WiFi and LTE-LAA performance LBT operation on the basis of 20 MHz channels. Hence, to meet regulatory requirements and to ensure fair coexistence with other systems, also NR unlicensed should support at least 20 MHz grid for LBT operation in 5 GHz unlicensed band.
Observation 2: For wider bandwidth operation, NR unlicensed should support at least 20 MHz grid for LBT operation in 5 GHz unlicensed band.
Both carrier aggregation and Bandwidth Part (BWP) mechanisms are supported in Rel-15 NR for wideband operation. We see that also NR unlicensed should use both mechanisms to achieve sufficiently versatile support for wideband transmission. Conventional carrier aggregation offers several benefits, e.g., 
•	Frequency domain flexibility: aggregated carriers do not need to be adjacent but may be widely apart. This offers e.g. diversity for channel access
•	Each carrier may employ its own LBT meaning agile channel access. 
Hence, we see that carrier aggregation should be supported for NR unlicensed (in addition to facilitating the LAA operation with NR licensed carrier). Of course, carrier aggregation has also its price: multiple RF chains are required, increasing the price of UE transceivers. Additionally, carrier aggregation increases UE power consumption and has rather considerable latency in the component carrier activation/deactivation (to save UE power).  
In Rel-15 NR, the concept of serving cell adaptive BW was introduced by means of BWPs. In Rel-15 NR, UE is instructed to operate on a specific part of gNB’s BW, that is, on a BWP. BWP mechanism provides an alternative wideband mechanism when accessing unlicensed spectrum on adjacent 20 MHz channels as it can provide savings in the UE cost with reduced number of RF chains when compared to carrier aggregation. Single RF chain and FFT processing can be used to access wide bandwidth of e.g. 80 MHz or 160 MHz on 5 GHz or 6 GHz (potential) unlicensed bands. It also improves the trade-off between UE throughput and battery consumption via fast BWP switching. As the BWP switching time is shorter than the component carrier (de)activation time (subject of current discussion in RAN4), UE can be switched rather aggressively to narrow BWP (and back to wideband BWP) saving UE battery and compromising throughput less than the slower CC (de)activation. On the other hand, NR BWP switching time (hundreds of microseconds, e.g. 600 us according to R4-1803283) has clearly a different order of magnitude than a single CCA (e.g. 9 us) in LBT procedure. This poses constraints on how BWP operation and LBT can interact.
One potential way is to split a wideband carrier into multiple 20 MHz sub-bands. This is illustrated in Figure 4, considering subcarrier spacings of 15 kHz, 30 kHz, and 60 kHz. This way the existing multi-channel LBT operation defined in ETSI or LTE-LAA can be used as channel access mechanism for NR-U with wider bandwidth. In ETSI regulation, two types of LBT mechanisms are defined for multi-channel operation.
· Type 1: Cat 4 LBT is performed on each 20 MHz operating channel individually.
· Type 2: Cat 4 LBT is performed on a selected primary channel. Other operating channel only need to perform a clear channel assessment (CCA) check of at least 25 us immediately before the transmission. And, the primary channel is 1. chosen uniformly randomly or 2. arbitrarily determined and not changed more than once per second.
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Figure 4. Possible NR BWs for 4k FFT and different subcarrier spacings. “20” denotes a 20 MHz sub-band
Regardless of which type of multi-channel LBT operation is used, it may happen that only a subset of all 20 MHz sub-bands are ready for transmission. This brings a new challenge for wider bandwidth operation in unlicensed spectrum. One straightforward solution is that the device (gNB or UE) can wait for all 20 MHz bandwidth sub-bands to be ready for transmission (e.g., by means of deferred access). However, this approach results in very low channel utilization and puts wideband NR-U into unfavourable position in a coexistence scenario. Another potential solution is to support dynamic bandwidth adaptation according to the outcome of multi-channel LBT. Bandwidth adaptation can increase the efficiency of wideband operation dramatically. However, this approach may require fast adjustment of data preparation according to the outcome of LBT. We see that this aspect needs to be carefully considered in the NR-U Study Item.
Proposal 5: LBT for wider bandwidth operation should be studied considering dynamic bandwidth adaptation, including operation with both Carrier Aggregation as well as Bandwidth Parts.

5. Conclusions
In this contribution, we have discussed channel access related issues for NR unlicensed. Based on the discussion, we make the following observations and proposals:
Proposal 1: In 5 GHz unlicensed spectrum, NR unlicensed can use LTE-LAA LBT procedures as a baseline solution.
Observation 1: A ‘greenfield’ channel access design could be considered and studied for 6 GHz bands.
Proposal 2: Coexistence design for NR unlicensed in 60 GHz shall be compliant to regulation in different regions. However, potential further enhancements (e.g., to enhance the spatial reuse and to protect beam sweeping operation) may be considered during the study item.
Proposal 3: Autonomous UL access should be studied and supported in NR unlicensed operation.
Observation 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum
Proposal 4: Overbooked UL transmissions can be considered to increase UL access probability.
Observation 2: For wider bandwidth operation, NR unlicensed should support at least 20 MHz grid for LBT operation in 5 GHz unlicensed band.
Proposal 5: LBT for wider bandwidth operation should be studied considering dynamic bandwidth adaptation, including operation with both Carrier Aggregation as well as Bandwidth Parts
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