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1. Introduction
In the RAN1 #92b meeting [1], the following agreements were made.
Agreements
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· 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

In the RAN1 #92 meeting [2], the following agreements were made.
Agreements
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Agreements
The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.

We discuss potential challenges in providing fair coexistence and efficient spectral reuse in unlicensed operation for NR (NR-U).

2. Discussion
2.1 Spectral Reuse
NR UL operation provides considerable flexibility in scheduling users through multiplexing in time and frequency resources. The concept of mini-slots is useful for NR-U as it provides flexible time resources within a slot and allows UEs to be multiplexed in time within a slot; depending on channel availability, a transmission may be scheduled at multiple locations within a slot. Furthermore, in Dual Connectivity (DC) and Standalone (SA) deployments RACH and PUCCH traffics may be supported in addition to PUSCH transmission. In these PHY channels, multiple UEs in a cell are multiplexed in a set of time or frequency resources. They need to access the channel at the same time. If a UE senses the signal from another UE and mistakes it for a busy channel, it will not send its transmission. This makes spectral reuse inefficient. In the example in Figure 1, UE1 and UE2 belong to the same cell and are TDMed in a slot on the UL. UE1’s mini-slot is scheduled prior to UE2’s mini-slot. UE2 detects the energy from UE1 and does not access the channel.



Figure 1: UE2 does not transmit on detecting to UE1’s energy
In WiFi, “BSS (Basic Service Set) coloring” was introduced for improved frequency reuse – here, signaling is used to differentiate between intra-BSS and inter-BSS and the nodes modify their threshold for energy detection according to their coloring. 

Proposal 1: NR-U should study methods for efficient spectral reuse within NR-U cells.

2.2 Coexistence Considerations
Knowledge of channel occupancy can help with fair channel access and coexistence. For example, if a node from an NR-U cell is transmitting, then a node from another NR-U cell needs not perform LBT until the first cell releases the channel. This helps to enhance battery life for devices. In WiFi, the Receive-to-Send/Clear-to-Send (RTS/CTS) frames contains a field to indicate the duration of reservation of the channel. Unintended APs and STAs can read the field and attempt their channel access at a later time accordingly.

Proposal 2: NR-U should consider methods to indicate channel occupancy, at least to other NR-U nodes.

2.3 Receiver assisted channel access
NR is designed to support beam based transmissions in both UL and DL. Transmissions occur on narrow beams, especially in FR2. As a result, an unlicensed node may experience interference from transmissions on multiple beams that provide coverage to its location. Therefore, a receiver may experience a different channel and interference levels than the transmitter due to interference from nodes hidden to the transmitter. An example is shown in Figure 2 where UE1 in Cell1 experiences interference from a the gNB2 and UE2 from Cell2 but Cell1 has no information about the interferers. So gNB2 and UE2 are hidden nodes from UE1’s perspective.  Knowledge of the receiver’s environment can be useful at the transmitter. In WiFi, the RTS/CTS mechanism is used to establish a handshake between the transmitter and receiver before the transmitter begins to send data to the receiver. Similarly, the NR-U transmitter can benefit from receiver’s feedback on channel condition. 

However, additional signaling introduced for receiver-assisted sensing requires resources and can impact the overall capacity and latency in the system. NR-U should study the impact of signaling overhead and latency due to feedback based schemes when evaluating the need for receiver assistance.


  

Figure 2: Cell2 is a hidden node, its transmission is seen by UE1 but not by Cell1.

Proposal 3: In evaluating the need for receiver-assisted channel sensing, NR-U should study the impact of signaling overhead and latency.

2.4 Common considerations for channel access indication
Although the above use cases have different requirements, they have similar considerations for indicating channel access information. To the possible extent, NR-U may study ways to address the use cases through a unified design. 

3. Conclusion
In this contribution, we discussed NR-U use cases that can benefit from channel access indication and proposed the following.
Proposal 1: NR-U should study methods for efficient spectral reuse within NR-U cells.

Proposal 2: NR-U should consider methods to indicate channel occupancy, at least to other NR-U nodes.

Proposal 3: In evaluating the need for receiver-assisted channel sensing, NR-U should study the impact of signaling overhead and latency.
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