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Introduction
The SID for NR-unlicensed includes the following objectives 
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· 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; 
The above study will address the following architectural scenarios (RAN2): 
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required
Following the objectives, the NR licensed design will be the baseline for NR-unlicensed design. Only changes that are essential for unlicensed operation will be introduced. 
In this paper, we discuss various aspects on channel access mechanisms for NR-unlicensed operation. 
Discussions
Access on unlicensed spectrum is typically granted after a listen-before-talk (LBT) procedure. The LBT procedure may involve the contending node monitoring the medium for ongoing channel usage prior to acquiring the medium for transmission. In LTE-LAA, the contending node was required to monitor the channel for energy for a certain random length of time and compare the received energy against a threshold (energy detection, CCA procedure). This basic scheme, while simple and technology agnostic, could be enhanced in NR to improve reliability, coexistence and channel reuse. 
Factors that play a role in NR-U design also include (1) different properties of sub-6 GHz and mmWave spectra (2) enhancements in baseline NR technology and (3) synchronization across operators. 
On (1), the highly directional nature of mmWave communications imply that transmitter side energy sensing may not only be mismatched to actual interference at the receiver but also result in over silencing. On (2), 5G-NR allows for features such as flexible frame structures and slot structures, which can be leveraged effectively for baseline NR-U performance. Further enhancements could be made by (3) time synchronization across nodes of operators. This may be especially suitable for, but not limited to, new bands that are in scope of NR. With synchronous mode of operation, the precise locations of reservation signals may be known. This property can be exploited for more effective sharing across operators, leading to improvements in throughputs, reliability and higher QoS.   
We would like to outline a few high-level principles in this section for LBT in NR-U:
· Reliability: It is desirable to ensure that channel contention achieves the stated objective of ensuring reliable operation over the unlicensed spectrum
· For instance, pure energy detection at the transmitter may not be able to mitigate hidden node interference at the receiving node, hence compromising on reliability.
· Channel reuse: The penalty paid for reliability enhancement in LBT procedures is the loss of channel reuse. We would like to propose judicious use of this significant resource, i.e., channel reuse loss should be limited to the specific situations where it is necessary. 
· The absolute level of channel reuse could well be a function of loading, node density etc. but it seems appropriate to strive to achieve the correct reuse – reliability trade-off in the next generation of unlicensed systems.
· Coexistence: More the shared information between two nodes, the better they are likely to co-exist. 
· In this spirit, it seems desirable to introduce some form of over-the-air signalling in NR-U design for better channel reuse. This could be as simple as a channel usage indication to the other node. 
In the next few sections, we provide our view on channel access mechanisms for different cases, including
· LBT for sub 7GHz band
· LBT for mmW band
· LBT for deployment scenario with licensed UL carrier
· LBT for FBE operation
As we can see, for each cases, there are multiple channel access mechanism designs we can considered with different complexity and performance tradeoff. Unlike LTE-LAA where one specific use case and specific band is considered, we believe NR-U should be designed to be applicable all unlicensed/shared use cases under different environments. Therefore, we should not target to narrow down to one specific design. Instead, multiple LBT mechanisms can be supported and the usage is controlled by configuration according to the regulation and operator deployment.
[bookmark: p1]Proposal 1. NR-U supports multiple channel access mechanisms and the usage is configurable by operator to follow local regulations for the band NR-U is deployed in.
Baseline LBT for sub-7GHz
As noted in the previous section, access on some unlicensed spectrum may require performing LBT procedures in order for fair coexistence with other existing technologies such as Wi-Fi, LTE-LAA etc . In LAA/eLAA considerable work was done in defining the LBT procedures and their usage for different channels. Specifically, the following types of LBT were introduced
· Cat-4 LBT: This involves a 16us deferral period followed by LBT on 9us eCCA slots. The LBT itself was based on energy detection. The number of eCCA slots is based on a random number selected between the min and max contention window. The contention window itself is based on the loading on the channel and the priority type of the traffic. Once the gNB or UE gets access to the medium, it is allowed to use the medium for data transfer in both directions upto the MCOT duration for that traffic type.
· One-shot LBT : This involves LBT on a 25us slot just prior to transmission. This is typically used to access the medium when there is a gap in the transmission within an already acquired TxOP based on Cat-4 LBT.
These should be leveraged for NR as well. The application of these different LBT types for channels under different scenarios, such as use of one shot LBT for PUSCH Tx within gNB TxOP etc should also use the eLAA design.  LTE LAA also supported two types of LBT modes for multicarrier operation which should also be the baseline for NR-U multicarrier operation.
In addition, to the above two modes, a no LBT mode should be introduced in NR which can be used if the switching time between DL and UL is less than 16us and the transmission is within the MCOT.  This could be used for example for exchanging control information between data transfers such as for HARQ ACK feedback or for scheduling grants between ongoing data transmissions. A proposal for how the different LBT modes could be used for different UL channels is shown in the table below.
Table 1: LBT procedure for different UL channels
	Channel/LBT mode
	Cat-4 LBT
	One-shot LBT
	No-LBT (new for NR)

	Short PUCCH
	TBD
	Yes
	Yes

	Long PUCCH
	TBD
	Yes
	TBD

	SRS
	Yes if Tx with PUSCH outside TxOP.
	Yes
	Yes

	PUSCH
	Yes. Outside TxOP
	Yes
	Yes for switching from DL control between UL data of same UE

	PRACH (wasn’t considered in eLAA)
	TBD
	Yes
	



[bookmark: p2]Proposal 2: For sub-7GHz unlicensed bands, at least when the non-existence of WiFi neighbors cannot be guaranteed, the LTE-LAA type channel access mechanism is adopted as baseline for NR-U
[bookmark: p3]Proposal 3: A new No-LBT mode is also introduced in NR-U which can be used at least for exchange of control information between ongoing data transmission of a node if the switching time is less than 16us
[bookmark: p4]Proposal 4: NR-U supports PRACH transmission within gNB TxOP with at least one-shot LBT 
LBT Enhancements for sub-7GHz
In this section, we focus on high-level considerations for LBT enhancements for sub-7 GJz unlicensed spectrum. As stated earlier, the basic scheme of energy detection at the transmitting node has its deficiencies both from a reuse and a reliability point of view. We would like to discuss the following possible enhancements.
[bookmark: p5]Proposal 5: We propose further investigation of enhancements to LBT in NR-U compared to the first generation of schemes adopted in LTE-LAA, considering (1) reliability, (2) channel reuse and (3) coexistence.
1.1.  Channel Usage Indicator 
The energy detection (ED) based LBT approach for coexistence in shared spectrum, described above, is simple, and is mostly technology agnostic. However the design is not optimized for better reuse, as, by definition, the node will simply backoff from transmission when measured interference level exceed certain level. There is thus room for further improvement.
The preamble detection (PD) mechanism used in WiFi helps to improve the reuse. The length of the TxOP is carried in the payload of preamble and the backoff depends on the preamble detection and the payload parsing. Since preamble can be detected at lower SNR than the ED threshold, the reuse of the system can be higher. It is of interest to introduce WiFi preamble like over-the-air signalling in NR-unlicensed design for better channel reuse. We refer to this new OTA signalling for NR-U as Channel Usage Indicator (CUI). 
One issue with the WiFi preamble design is that the detector will initiate backoff whenever a preamble is detected, without distinguishing the direction of the transmission. Such a design is inefficient. For example, if a gNB indicates it will transmit in the next few slots in the CUI, and the node that detected the CUI intends to transmit as well, there is no need to backoff from the transmission. On the other hand, if the gNB indicates it will receive in the next few slots in the CUI, and the node that detected the CUI intends to transmit, the transmission backoff becomes necessary, otherwise it will interfere with the gNB reception. In other words, to further improve reuse, we should develop mechanism focusing on the protection of the receiver, not the transmitter. As a result, the CUI should carry not only NAV information, but also indicate the channel usage is for transmission or reception.
[image: ]
[bookmark: _Ref513726812]Figure 1: System level simulation for CUI under Sub-7GHz indoor model
In Figure 1 we provide the system-level simulation results to demonstrate the potential benefits by using CUI in the sub-7 indoor model agreed in RAN1 #92bis. In this indoor scenario, two operators are sharing 20MHz, with each operator running 3 gNBs to serve 15 UEs (i.e., totally 6 gNBs serving 30 UEs). In both scenarios, the UEs are requesting bursty downloading. We compare the case that gNB conducts LAA-like ED and the case that besides ED gNB respects CUI(s) sent from scheduled UEs nearby as well. It is obvious from these results that CUI offers considerable improvement especially to cell-edge UEs.
[bookmark: p6]Proposal 6: NR-unlicensed supports channel usage indicator transmission for more accurate transmission coexistence. The CUI includes NAV information and also identifies the CUI is for transmission or reception.
For the waveform for the CUI, it is preferred to reuse existing NR waveform, instead of having a completely new design. In a companion paper [2], we propose to reuse NR PDCCH design to carry the CUI information.
For asynchronous deployment, we need to support asynchronous detection of CUI as well. However, for PDCCH monitoring, a pre-configured set of timing is needed, as the PDCCH detection is done in frequency domain. If we need to generalize the support of detecting CUI to asynchronous deployment case, we will need a way to recover the timing from other operators. One way to achieve this goal is to reuse the Wake-Up Signal proposed in [2]. As can be seen in the next section, the detection of the wake-up signal is done is time domain. It is possible to use the WUS as a preamble to CUI, so the detector will start the CUI detection after detecting the WUS.


Figure 2: WUS assisted CUI-PDCCH detection
[bookmark: p8]Proposal 7: If CUI detection is supported for asynchronous deployment, use wake-up signal as a preamble to assist the CUI detection.
1.2. Spatial LBT
(1) Interference alignment (in addition to interference avoidance):
· As seen in the mmWave case, spatial separation can allow links to coexist, thereby increasing throughputs. The basic premise of energy based LBT has been interference avoidance only. However, with the evolution of NR technology to have more frequent uplink signals such as SRS and CSI feedback, interference doesn’t have to be entirely avoided, it can be aligned across nodes, spatially.
· For instance, if the choice of one digital precoding matrix compared to another can help avoid interference, then the transmission does not have to be stopped.

[bookmark: p9]Proposal 8: In defining channel access procedures in NR-U, we propose that interference alignment be utilized along with interference avoidance.


Figure 3: Spatial LBT

LBT for mmWave NR-U
The interference dynamics in mmWave operation are expected to be quite different compared to sub-6, mainly arising from directionality and analog beamforming in mmWave. For instance, the highly directional transmissions may mean the following: 
(1) Interference mismatch at Tx and Rx (Exaggeration of hidden / exposed node terminals): As shown in the figure below, the interference seen by a transmitter and that seen by a receiver may be substantially different. This directly implies at that transmitter energy based LBT may not only be sub-optimal but also mismatched and hence not serve the purposes of listen before talk.
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Figure 4: Mismatch in mmW arising from Tx Sensing another Tx
[bookmark: p10]Proposal 9: We propose targeted LBT for NR-U, i.e., consider receiver-based techniques for NR-U LBT to supplement some form of channel sensing at the transmitter.
(2) Node Deafness and directionality of Medium Sensing:
· The difference between beam directions used for monitoring the channel and the beams used for data transmissions impacts the effectiveness of LBT. In principle, this can lead to two types of error events, missed detections and false alarms, if the sensing beams and transmission beams are mismatched as is shown in the figure below:
[image: ]
[bookmark: p11]Proposal 10: We propose directional LBT for mmW, i.e., directionality of the sensing beam is considered vis-a-vis the transmission beam. 
(3) On-Demand LBT: 
· As a general principle, we note that greater the number of antennas, more the spatial separation that can be achieved and hence more links can simultaneously coexist. 
· Moreover, performing LBT requires overhead of medium sensing and potentially reservation related control messages as well. 

Note that if all the links do not need to spend this overhead, and if spatial separation isolates transmission in a natural sense, then in the interest of reuse optimization, we would like to propose a form of “On-Demand” LBT. For instance: 
· LBT could be activated only for beams on which there are nodes impacted by interference, say beyond a certain threshold, as observed over a semi-static duration of time. In the absence of such impact, the loss of reuse over such beam directions may not be justifiable.

[bookmark: p12]Proposal 11: We propose LBT for NR-U to have an ‘On-Demand’ feature, while also considering directionality and targeted reservation so that the efficacy and reliability of the channel access procedure is enhanced.
[image: ]
Consideration on deployment scenarios on the NR unlicensed operation
In RAN1 #92, the following deployment scenarios have been agreed for NR unlicensed operation.
Agreement:
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.
· [bookmark: _Hlk500847868]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
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Among the agreed deployment scenarios, the “NR cell with DL in unlicensed band and UL in licensed band” may require special consideration on the LBT procedure, as the UL is in the licensed band. A few options could be considered for LBT in this deployment scenario:
· Rely on transmitter based LBT scheme in DL
· gNB does energy sensing or message detection. If gNB measures energy below ED threshold and it does not detect any message on the on-going transmission, the gNB can transmit
· It is well known that the transmitter based LBT scheme is not friendly to deal with hidden node and exposed node problem. 
· Receiver assisted LBT scheme
· UE receiver sends signal (e.g., CTS) on licensed UL or unlicensed DL spectrum and other gNB listens to the signal on the licensed UL or unlicensed DL before its transmission. If gNB detects CTS signal from UE, it will refrain from transmission in DL.
· Alternatively, UE monitors DL transmission (e.g., preamble, RTS) from other DL nodes and reports the detection status to its serving gNB (if detected). Serving gNB can schedule UE accordingly.

[bookmark: p13]Proposal 12: Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
LBT for FBE operation
Frame based equipment channel access as defined in [1] has been considered during LTE-LAA study. However, as LTE-LAA is mainly targeting 5GHz band with the focus on coexistence with other RAT such as WiFi, it has been concluded that the channel contention for FBE will be not aggressive as WiFi neighbors and FBE devices can hardly occupy a fair share of the resources. As a result, the FBE based channel access mechanism was not adopted in LTE-LAA, and the design followed Load Based Equipment (LBE) based channel access mechanism defined in the same regulation [1].
For NR-U channel access, now we are targeting a generic design for all available unlicensed/shared bands, and we are targeting more use cases, such as Industrial IoT. For I-IoT use case, the operator (the factory) may have the capability to clear the environment to make sure there is no other RAT deployed in the same carrier, and typically there is only one operator. In this case, the FBE based channel access has benefits compared with LBE, such as lower channel access overhead and smaller delay, which are critical for industrial applications. 
For FBE, the channel access as defined in [1] is simpler. A fixed frame period of an FBE is as shown in Figure 2. An initiating device (gNB) will occupy the channel at the beginning of the fixed frame period after a one-shot LBT. Within each COT, the regulation allows multiple transmissions in different directions, subject to a one-shot LBT. There is no requirement of gap between transmission bursts. The transmission does not need to fill the entire allowed COT as well. UEs served by the gNB that wins the contention can transmit within the COT, where the winning gNB is the initiating device and the served UEs are responding devices in FBE. 
To deploy a single operator FBE systems, the gNBs need to be time aligned. All gNBs will perform the one-shot LBT at the same time. If there is no unexpected interferer (such as WiFi node or other LBE devices), the one-shot LBT will pass, and the gNB can access the channel. 


[bookmark: _Ref510436103]Figure 2. Fixed Frame Period Structure for FBE by Regulation

[bookmark: p14]Proposal 13. One-shot LBT defined for FBE based channel access mechanism. 
[bookmark: p15]Observation 1. For FBE based channel access, no coexistence study with WiFi needed.
For the case that there are a few FBE operators, some low level coordination between operators are needed. All gNBs across operators still need to be time synchronized. The contention slot concept can be introduced.


Figure 3. Contention Slots for FBE
Each operator/gNB will contend at a pre-assigned contention slot and monitor earlier contention slots. If no signal or energy detected in earlier contention slots, the node can step in to transmit in its own contention slots and block other nodes from starting transmission. The contention slots allocation can be randomized to provide fairness and/or coordinated across operators. 
[bookmark: p16]Proposal 14: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.
Conclusions
The proposals and observations made in this contribution are summarized below.
Proposal 1. NR-U supports multiple channel access mechanisms and the usage is configurable by operator to follow local regulations for the band NR-U is deployed in.
Proposal 2: For sub-7GHz unlicensed bands, at least when the non-existence of WiFi neighbors cannot be guaranteed, the LTE-LAA type channel access mechanism is adopted as baseline for NR-U
Proposal 3: A new No-LBT mode is also introduced in NR-U which can be used at least for exchange of control information between ongoing data transmission of a node if the switching time is less than 16us
Proposal 4: NR-U supports PRACH transmission within gNB TxOP with at least one-shot LBT 
Proposal 5: We propose further investigation of enhancements to LBT in NR-U compared to the first generation of schemes adopted in LTE-LAA, considering (1) reliability, (2) channel reuse and (3) coexistence.
Proposal 6: NR-unlicensed supports channel usage indicator transmission for more accurate transmission coexistence. The CUI includes NAV information and also identifies the CUI is for transmission or reception.
[bookmark: _GoBack]Proposal 7: If CUI detection is supported for asynchronous deployment, use wake-up signal as a preamble to assist the CUI detection.
Proposal 8: In defining channel access procedures in NR-U, we propose that interference alignment be utilized along with interference avoidance.
Proposal 9: We propose targeted LBT for NR-U, i.e., consider receiver-based techniques for NR-U LBT to supplement some form of channel sensing at the transmitter.
Proposal 10: We propose directional LBT for mmW, i.e., directionality of the sensing beam is considered vis-a-vis the transmission beam. 
Proposal 11: We propose LBT for NR-U to have an ‘On-Demand’ feature, while also considering directionality and targeted reservation so that the efficacy and reliability of the channel access procedure is enhanced.
Proposal 12: Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
Proposal 13. One-shot LBT defined for FBE based channel access mechanism. 
Observation 1. For FBE based channel access, no coexistence study with WiFi needed.
Proposal 14: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.
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