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1. Introduction
In the RAN1 #94 meeting [1], The following agreements were made:
Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation
In the RAN1 #92-Bis meeting [2], the following agreements have been reached for NR-U
Agreement:
· 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

Based on these agreements, we discuss procedures to conduct LBT in NR-U. 

2. Discussion
In LTE Release 13 [2] and Release 14 [3], Licensed-assisted access (LAA) targets the carrier aggregation (CA) operation in which one or more low power secondary cells operate in unlicensed spectrum in sub 6 GHz. LAA deployment scenarios encompass scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and both co-location and non-co-location (with ideal backhaul) between licensed and unlicensed carriers. 
Since unlicensed band can be utilized by different deployments specified by different standards, several regulatory requirements are imposed to insure fair coexistence between all incumbent users. For example, these regulatory requirements include constraints on transmit power mask, transmit bandwidth, interference with weather radars, etc. 
Another main requirement is channel access procedure. The listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The clear channel assessment (CCA) utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. European and Japanese regulations mandate the usage of LBT in the unlicensed bands. Apart from regulatory requirements, channel assessment via LBT is one way for fair sharing of the unlicensed spectrum and hence it is considered to be a vital feature for fair and friendly operation in the unlicensed spectrum in a single global solution framework.
In Release 14, several channel access procedures are introduced to be performed by eNB and UE for both downlink (DL) and uplink (UL) transmissions, respectively. The main channel access procedure is described in Section 15 of TS 36.213 [4]. The fundamental difference between the proposed chancel access procedures is how aggressive they are. For example, in Type 1 UL channel access procedure, the UE adopts random backoff duration that assumes a more conservative approach to incumbent unlicensed systems presence such as IEEE 802.11 ad/ay. On other hand, in Type 2 UL channel access procedure, the UE senses the channel for fixed time duration of 25 µs which makes the UE more aggressively attempt to access the channel. These channel access procedures are generally used with an omni-antenna or quasi-omni antenna. In other words, generally one node occupies the channel in a given time interval. NR-U can leverage the beam-based architecture in NR, thereby allowing directional channel access. As a result, multiple nodes may be able to access the channel at the same time, but in different directions. This can substantially improve capacity in the deployment. 

2.1 Directional LBT
To overcome high path loss in mmWave, the uplink and downlink transmissions are inherently directional. Consequently, current NR deployment is based on beam centric cell architecture in which both gNB and UE have to construct narrow beams for transmission and reception. Therefore, NR-U will most likely use narrow beams for transmission and reception, the same as NR, at least for higher data rate applications. 
Adopting omni- or quasi-omni-LBT in NR-U, specially above 6 GHz, does not take the advantage of the beamforming gain in space because if the channel is occupied in a particular direction, then all other directions cannot be used for any transmission. Alternatively, directional LBT is widely discussed in the previous meeting in which the transmitting node senses the channels in only the directions of intended for transmission. Directional LBT can enhance the spatial multiplexing and fully exploit the narrow beam transmission capabilities in mmWave in NR-U by allowing multiple transmitting nodes to access the channel simultaneously as long as their beams remain orthogonal to each other in space.
Proposal 1: NR-U should study directional LBT procedures specially in above 6 GHz frequency band.
While beam-based transmission being the key enabling technology to mitigate path loss in NR, specially above 6 GHz, it imposes additional challenges for NR-U. Since gNB with collocated TRPs/panels can construct multiple downlink beams in different directions simultaneously, it is very challenging for gNB to listen on specific time-frequency resources on a particular beam while transmitting on all other beams on the same time-frequency resources due to inevitable self-interference as shown in Figure 1. Self-interference may easily result in LBT failure, i.e., false declaration of channel unavailability while the channel is idle, because the sensed energy may be above the adopted energy detection threshold for LBT procedure.  
Observation 1: Self-interference among collocated TRPs/panels can negatively affect the deployed channel access procedure.
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Figure 1 Self-interference effects on directional LBT
Coordinating LBT procedures across different beams transmitted from same/different collocated TRPs/panels may eliminate self-interference across different beams. One potential solution is to adopt similar approaches to LBT procedures in LTE-LAA for multiple carriers. Basically, there are two main approaches to conduct LBT across multiple carriers in LTE. In the first approach, a single backoff value valid for one component carrier. When the counter expires, eNB may transmit on all other component carriers that pass clear-channel assessment (CCA) of 25 µs sensing duration. In the second approach, multiple backoff values can be assigned to different component carriers. However, eNB cannot start transmission on any component carrier before all the counters of all component carrier expire.   
Using channel access procedures similar to the ones deployed in LTE-LAA for multiple component carriers, gNB may align the transmission across all the beams to start at the same time instance. Moreover, gNB may set a random backoff value for a single beam or set different backoff values for different beams. The essence of the procedure is to avoid sensing the channel on one beam while other beams are actively used for downlink transmission. 
Proposal 2: NR-U should study different procedures to effectively align LBT procedures prior transmission across different beams. Similar framework to conduct LBT in LTE-LAA for multiple carriers can be the baseline to conduct LBT across multiple beams.
The flexible frame structure of NR, if adopted in NR-U, imposes additional challenges on conducting directional LBT across different beams. Current NR frame structure allows the transmission to almost start/end from/at any OFDM symbol across different beams. Therefore, aligning the transmission across different beams make NR-U lose the advantage of flexible frame structure. This is because in order to effectively conduct LBT to access a single beam, all other beams have to be muted which interrupts the transmission across other already active beams. It may even result in unintended (worse) consequence where other nodes may attempt access the beams that are currently muted.  
Proposal 3: NR-U should study effective ways to maintain the advantage of flexible frame structure, i.e., allowing different start/end points for different beams, while reducing transmission interruption on other active beams.
2.2 LBT for SSB
In NR, SSB are defined to occupy four contiguous symbols. Moreover, in NR, fixed mapping patterns are introduced for SSB(s) depending on the deployed numerology. For example, Figure 3 shows the SSB mapping pattern in NR for SCS of 120 KHz and each SSB may be associated with different beams as illustrated in this figure. Therefore, if similar SSB mapping pattern is adopted in NR-U, this raises a question on how LBT can be conducted for SSB when different DL SSB bursts are transmitted on different beams with no gaps between them for LBT. For example, gNB cannot conduct directional LBT associated with beam b1 while transmitting SSB associated with beam b0 because this may cause inter-beam-interference on directional LBT procedure for beam b1.
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Figure 2 SSB mapping pattern in NR for SCS of 120 KHz
Though some SSB patterns introduce gaps between consecutive SSBs, these gaps are fixed symbol numbers and may not allow enough time to conduct LBT especially with much narrowed symbols of larger SCS at high frequency band. For example, Figure 4 shows SSB mapping pattern for SCS of 30 KHz, which has at least two symbols gap between any consecutive SSBs. If gNB chooses random backoff value that is greater than two symbols duration, then gNB won’t be able to access channel. On other hand, gNB may conduct clear channel assessment of 25 µs within those two symbol durations. However, it needs to be verified if regulations allow such channel access procedure.

[image: ]
Figure 3 SSB mapping pattern in NR for SCS of 30 KHz
Proposal 4: NR-U should study procedures to conduct directional LBT procedures when signal or data (for example, SSB) is consecutively transmitted on different beams with no or limited time gap to conduct LBT. 

2.3 LBT for wideband
In RAN1 #92-Bis [2], it was agreed that LBT can be performed in the units of 20 MHz in order to reduce the impact on the surrounding WiFi systems for friendly co-existence. If gNB attempts to perform wideband LBT on the whole bandwidth of a particular BWP consisting of multiple 20 MHz sub-bands, gNB may fail to acquire whole BWP when any of those sub-bands is occupied by other nodes. Figure 4a illustrates an example of BWP of 80 MHz which cannot be acquired by gNB because only a small bandwidth portion of 20 MHz is occupied by other nodes. To make better spectrum utilization, acquiring channel with frequency granularity smaller than BWP for the wide band operation is beneficial. As shown in Figure 4b, the 80 MHz BWP may be divided into four 20MHz sub-bands and gNB may acquire the sub-bands that are available rather than just abandon the whole BWP. Therefore, in our view, supporting sub-band operation in NR-U is beneficial to spectrum utilization.  
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[bookmark: _Ref525888900]Figure 4 Wideband versus sub-band LBT
Proposal 5: In NR-U, it is beneficial to support sub-band operation. Further study is needed to support such operation mode.
 Since most of the configurations and procedures in NR are defined based on BWP operation, additional design considerations must be studied if sub-band operation is supported for wide band operations in NR-U. 
For example, in NR, a CORESET is configured with respect to a BWP’s search space. It is possible that a CORESET is configured across multiple sub-bands and some of the sub-bands are not available due to LBT failure at these sub-bands. Or, a CORESET is configured within one sub-band and this sub-band is not available due to LBT failure at this sub-band. Further study is needed on how to handle CORESETs over sub-band(s) that fails LBT from time to time. 
Proposal 6: NR-U should study the impact of supporting sub-band operation on NR procedures and configurations such as CORESET monitoring. 
3. Conclusion 
In this contribution, we have the following observation: 
Observation 1: Self-interference among collocated TRPs/panels can negatively affect the deployed channel access procedure.
Moreover, we have the following proposals:
Proposal 1: NR-U should study directional LBT procedures specially in above 6 GHz frequency band.
Proposal 2: NR-U should study different procedures to effectively align LBT procedures prior transmission across different beams. Similar framework to conduct LBT in LTE-LAA for multiple carriers can be the baseline to conduct LBT across multiple beams.
Proposal 3: NR-U should study effective ways to maintain the advantage of flexible frame structure, i.e., allowing different start/end points for different beams, while reducing transmission interruption on other active beams.
Proposal 4: NR-U should study procedures to conduct directional LBT procedures when signal or data (for example, SSB) is consecutively transmitted on different beams with no or limited time gap to conduct LBT. 
Proposal 5: In NR-U, it is beneficial to support sub-band operation. Further study is needed to support such operation mode.
[bookmark: _GoBack]Proposal 6: NR-U should study the impact of supporting sub-band operation on NR procedures and configurations such as CORESET monitoring. 
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