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Introduction
The study item of NR-based access to unlicensed spectrum was approved in RAN #75 meeting. Besides NR based license assisted access, standalone (SA) operation of unlicensed spectrum is also in the scope of this study item. In this contribution, we take a high level survey of current NR features in licensed spectrum that may have impact on unlicensed operations, with a focus on channel access mechanism since it is crucial to the efficient utilization of the unlicensed spectrum. In addition, we also share our views on wideband operation for NR-based unlicensed spectrum. This is a revision of R1-1806797. 
	Agreement: (RAN1 #92bis)
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



Discussion
In this section, we discuss the following issues related to channel access.
Short Control Signalling Transmissions
According to the following regulation from [1], short control signalling can be transmitted without applying listen-before-talk (LBT). 
	4.2.7.3.3 Short Control Signalling Transmissions (FBE and LBE)
[…]

4.2.7.3.3.2 Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.

4.2.7.3.3.3 Limits
The use of Short Control Signalling Transmissions is constrained as follows:
· within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and
· the total duration of the equipment's Short Control Signalling Transmissions shall be less than 2 500 μs within said observation period.



However, from contributions submitted to previous RAN1 meetings, it is noticed that companies have different understanding of the definition of Short Control Signaling Transmissions. Unlike LTE-LAA, NR-U targets to support only non-stand-alone (NSA) but also stand-alone (SA) operations. Thus the transmissions during initial access and uplink control signaling via PUCCH will be supported in NR-based unlicensed spectrum. It is therefore beneficial to spec progress by clarifying whether the following signals belong to the category of “Short Control Signalling Transmissions.”  
[bookmark: _Ref521417478]Proposal 1: NR-U discusses whether the following signals can be regarded as Short Control Signaling Transmissions and whether they can be transmitted without channel sensing. 
· Remaining minimum system information (RMSI)
· Paging
· PRACH preamble transmissions
· Msg2/Msg3/Msg4 transmissions in a 4-step RACH procedure
· Uplink control signaling via PUCCH

[bookmark: _Ref498691681]Wideband Operation
	Agreement: (RAN1 #93)
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz



Both carrier aggregation (CA) and bandwidth part (BWP) adaptation mechanisms are supported in NR for wideband operation. In NR-U, we think both mechanisms should be supported as well since they offer different benefits. With CA, the access channels are not necessarily to be contiguous to each other. But it takes longer time to activate and deactivate a carrier component. BWP is adopted to NR in order to provide more dynamic and efficient control over wideband operation. When UE is in a low activity stage such as idle or inactive modes, UE can stay on a narrowband BWP so that it can save its power significantly. Power saving is very important to UEs. Hence, we think BWP should be adopted to NR-U. Based on the previous agreement, when the absence of Wi-Fi cannot be guaranteed, LBT is operated on a 20MHz bandwidth basis. Consequently, BWP should be configured as integer multiples of 20MHz. Details of BWP configuration for NR-U should be further studied. 
[bookmark: _Ref521417633]Proposal 2: Both CA and BWP operations should be adopted to NR-U for wideband operation.
[bookmark: _Ref521417657]Proposal 3: NR-U should study at least the following aspects for BWP operation: LBT mechanism and BWP configuration for NR-U.
Intra-RAT Frequency Reuse
Modern cellular network in licensed spectrum uses reuse-1 deployment and adaptive rate control to mitigate co-channel inter-cell interference. Unlicensed access can adopt similar principle within the same Radio Access Technology (RAT), or at least in the same RAT deployed by the same operator. Uncoordinated LBT operation among different nodes of the same RAT in the same network results in unnecessary blocking of one another and thus lower efficiency.
Facilitating tighter frequency reuse in unlicensed spectrum is of particular interest to the deployment in the 3.5 GHz Citizens Broadband Radio Service (CBRS) band, in which tiered access rights are granted to the fee-paying Priority Access Licensees (PAL) as well as General Authorized Access (GAA) users. The former has higher priority over the latter and may deploy a network with tighter frequency reuse. In the absence of the PAL and other GAA user, a GAA user may opportunistically operate its network with tighter reuse. 
Omni-directional Carrier Sensing
LBT is a spectrum sharing mechanism that works across different RATs. However, it suffers from the hidden node and exposed node problems. The well-known issues are due to the fact that coverages of the nodes in a network are different. The problem becomes more severe and complicated when the coverage of sensing and the coverage of transmitting are different. This may occur when an omnidirectional antenna pattern is used for carrier sensing while a directional antenna (or array) pattern is used for transmission, leading to higher chance of the node’s being exposed. 
Figure 1 (a) shows that a device A senses the carrier using omnidirectional antenna pattern and overhears the transmission from device C to D. Device A subsequently refrains from transmitting to its targeted receiving device B, which is an unnecessary move since transmission from A to B using highly directional beams Figure 1 (b) does not interfere with the transmission from C to D.
[image: ]
[bookmark: _Ref513727902]Figure 1: (a) Omnidirectional carrier sensing, (b) two concurrent directional communication links

If the direction of the communication is known, directional carrier sensing may help in certain situations. However, this leads to a different kind of problem, as illustrated in [1] (Figure 1). Effects of the directivity of carrier sensing and transmission should therefore be studied thoroughly and necessary measures be taken to maximize the system’s performance.
Channel Access based on Message Exchange
If the nodes in the network are of the same RAT and can therefore exchange short control messages (which are themselves subject to LBT) before the long data transaction, the problems of hidden and exposed nodes can be better managed. The Request To Send (RTS) and Clear To Send (CTS) protocol in WiFi is a simple example. RTS/CTS protocol is not currently adopted in LAA/eLAA. However, it may be worthy of reconsideration in NR unlicensed access since the hidden node and exposed node problems become more severe in directional link as mentioned above.
Figure 2 shows an example of RTS/CTS resolving exposed node problem when device A is attempting to transmit to device B. In the figure, solid line denotes transmit beam while dashed line denotes receive beam. Before A transmits its data to B, it sends a short RTS carrying the identities of the source (A) and destination (B) along with the expected duration of the data transmission. The RTS is heard by both its intended target B as well as a third device C. Upon receiving the RTS of its source node A, device B transmits a CTS, which is heard by A but not by C. After receiving the CTS from B, A understands that the medium is available and has been reserved by the RTS/CTS exchange for a certain duration. It then starts transmitting to B. Since device C never hears a CTS within an expected short interval, device C realizes its being an exposed node and may transmit to D. Two concurrent directional links can thus be established without interfering each other.

[image: ]
[bookmark: _Ref513728225]Figure 2: RTS/CTS in directional links

The benefits of such message-exchange based spectrum sharing technique depend on the propagation environment and traffic condition and should be carefully evaluated in different NR unlicensed scenarios. Also message exchange among nodes to improve frequency reuse factor as discussed in Section 2 should be studied. 
Conclusion
In summary, we have the following observation and proposals: 
Proposal 1: NR-U discusses whether the following signals can be regarded as Short Control Signaling Transmissions and whether they can be transmitted without channel sensing.
· Remaining minimum system information (RMSI)
· [bookmark: _GoBack]Paging
· PRACH preamble transmissions
· Msg2/Msg3/Msg4 transmissions in a 4-step RACH procedure
· Uplink control signaling via PUCCH

Proposal 2: Both CA and BWP operations should be adopted to NR-U for wideband operation.
Proposal 3: NR-U should study at least the following aspects for BWP operation: LBT mechanism and BWP configuration for NR-U.
Observation 1: The areas in LAA/eLAA that have not been fully addressed or can be further improved include at least
a. The lack of support for intra-RAT tight frequency reuse
b. The lack of support for LBT in directional transmission/reception
c. The lack of support for interference mitigation based on message exchange among devices
Proposal 4: NR-based Access to Unlicensed Spectrum should resolve issues that are not fully addressed in LAA/eLAA as well as issues that arise due to newly introduced NR features.
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