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In previous RAN1 meetings, the following was agreed for channel access procedures of NR-U [1-3].
Agreement:[#92bis]
· 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  （directional LBT）
· 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

Agreement:[#93]
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Agreement: [#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
Agreement: [#93]
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design
Agreement: [#94]
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 this contribution, we main discuss channel access procedure for NR unlicensed operation.
Discussion 
The following listen before talk (LBT) categories were identified in R13 LAA design
· Cat.1: No LBT
· Cat.2: LBT without random back-off
· Cat.3: LBT with random back-off with a fixed size of contention window
· Cat. 4: LBT with random back-off with variable size of contention window
To ensure fairness with WiFi, a new LBT Cat.4 similar to WIFI random backoff mechanism was specified for LTE LAA/eLAA DL and UL channel access. Similar to 25us PIFS of WiFi, LBT Cat.2 based on a single 25us CCA was also used to enhance channel access ability for some special scenarios, e.g. DRS without PDSCH and UL transmission within maximum channel occupied time (MCOT) of eNB. Obviously, LAA/eLAA LBT schemes can be the starting point for NR-U LBT study.  Furthermore, enhanced channel mechanism to support NR new features of multi-beam transmission and large bandwidth operation should be investigated.
2.1	Directional LBT



Figure 1 Directional LBT
    



Figure 2: Hidden nodes issue
                                                
In NR, DL/UL transmission could be beamformed to given direction in order to achieve extended coverage and higher throughput through interference mitigation.  The listen before transmission scheme for transmission from the directional antenna is referred to as the directional LBT.   Both omnidirectional LBT and directional LBT can be considered to support multi-beam operation in NR unlicensed band.  As shown in Figure 1 when directional LBT is applied, two gNBs could transmit with beamformed signals by different operators simultaneously without any co-channel interference to each other. The severe co-channel interference would occur for simultaneous transmission when omnidirectional LBT mechanism applies. Therefore, directional LBT will provide additional dimension of channel access opportunities than that of omnidirectional LBT. On the other hand, directional LBT will increase the complexity in the access and impact the coexistence performance.  As shown in Figure 2, with omnidirectional LBT, the gNB A and the gNB B deployed by different operators can hear the transmission from each other.    With directional LBT, the gNB A can access the channel and collide with the transmission of the gNB B due to undetected transmission from the gNB B.  Therefore,  hidden nodes issue can be aggravated with directional LBT. 
Observation 1: Directional LBT will provide additional dimension of channel access opportunities than that of omnidirectional LBT.
Observation 2: With directional LBT, hidden nodes issue can be aggravated. 



[bookmark: _Ref513659629]Figure 3: Directional LBT with RTS/CTS type handshaking
To mitigate hidden/exposed nodes issue, receiver assisted LBT can be considered.  For example, RTS/CTS type handshake mechanism is beneficial to protect NR-U transmission from hidden nodes. As shown in Figure 3, the gNB B senses medium idle and gains access of channel first. With the directional LBT and RTS/CTS type handshaking, the gNB A starts transmit RTS and collides with the transmission from the gNB B at the UE A. Then, the gNB A will not access the channel due to not receiving CTS from the UE A. However, unlike WiFi, RTS type singling form the UE B cannot be detected by gNB A due to beam based transmission.  Therefore, directional LBT with RTS/CTS type handshaking can mitigate the hidden node issues.   However, the gNB often cannot determine the channel occupancy time of the hidden nodes, which should be studied further.
Observation 3: Directional LBT with RTS/CTS type handshaking can mitigate hidden node issue. However, the gNB cannot determine the channel occupancy time of hidden nodes, which should be studied further.


Figure 4: Mismatch between Tx beam and Rx beam

The Tx/Rx beam correspondence is an UE implementation and cannot be guaranteed for the general operation in NR. Figure 4 shows a scenario where the beam direction used for channel monitor is quite different from the direction used for dada transmission in unlicensed band. Because of the inconsistence between beam direction of data transmission and the beam direction of performing CCA detection, the LBT operation does not seem to be that effective. Therefore, directional LBT should be studied further in case that the Tx/Rx beam correspondence is not ensured. 
Observation 4: Directional LBT should be studied further in case that the Tx/Rx  beam correspondence is not ensured.
For scenario where absence of WiFi cannot be guaranteed, although the UE receiver assisted LBT mechanism helps to combat interference from hidden node, NR-U may not always be a good neighbor of WiFi\LAA systems due to misalignment between omnidirectional and directional transmission/reception. Therefore, the coexistence performance of NR-U with directional LBT and other systems with omnidirectional LBT should be carefully evaluated. 
Proposal 1: The coexistence performance of NR-U with directional LBT and other systems with omnidirectional LBT should be carefully evaluated.
2.2   LBT for Wide bandwidth operation

Large transmission bandwidth can be achieved via carrier aggregation or bundling of multiple 20MHz unlicensed channels when successful LBT operation is performed at each carrier in LAA and WiFi.  LAA support multi-carrier LBT types A/B.  For type A LBT, eNB performs Cat-4 based LBT independently on each unlicensed carrier. Type B LBT is similar to WiFi multi-carrier LBT procedures, which eNB performs Cat-4 based LBT on only one unlicensed carrier and senses other unlicensed carriers for a period of 25us before accessing channel.
NR supports bandwidth up to 400 MHz for 6~52.6G and up to100MHz for sub-6G in one carrier. For the band  Wi-Fi cannot be guaranteed to be absent, NR-U operating bandwidth is an integer multiple of 20 MHz.  The LBT can be performed in the unit of 20 MHz.  How to perform LBT for bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz,  is FFS.  In sub-6G band, there are many LAA/WiFi  nodes.   Performing LBT with 20MHz granularity is beneficial for NR-U to have identical channel access ability with LAA and WiFi systems.  Furthermore, in the sub-6G band, LBT implementation complexity is acceptable for maximum 100MHz bandwidth per carrier. Therefore, for sub-6G band, operating LBT in 20MHz BW should be considered. 
Proposal 2: For sub-6G band, operating LBT in 20MHz  should be considered. 
For above-6G band, three alternatives can be considered to support LBT for wider band operation, 
· Alt1: performing LBT in  20MHz; 
· Alt2: performing LBT in integer multiples of 20MHz, 
· Alt3: performing LBT in entire bandwidth of one carrier. 
Alt.1 has the strongest channel access ability but computing complexity is very huge for the case with 400MHz bandwidth per carrier.  Alt.3 has low LBT implementation complexity, but low spectrum utilization. To balance implementation complexity and spectrum utilization, alt.2 can be considered.
Proposal 3: For above-6G band, performing LBT in integer multiples of 20MHz can be considered to balance implementation complexity and spectrum utilization. 

NR also supports higher frequency band up to 100 GHz.  In 60GHz, the 802.11ad/ay systems designs for  the LBT operation based on bandwidth of 2.16GHz. For unlicensed spectrum in 60GHz, the LBT for NR-U is a challenge with large WiFi system bandwidth. NR standalone operation in unlicensed spectrum is a key scenario for enterprise network. In this scenario, UL LBT before SR, UL grant and PUSCH should be supported. The short-duration UL transmission will reduce the NR-U UL channel access opportunity. Therefore, LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes (e.g. CA, DC, standalone).
Proposal 4: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes. 
2.3   Frame based LBT 
According to ETSI specification, Frame based LBT has a strict frame structure, as shown in Figure 5, in which a fixed frame period is composed of a channel occupancy period and an idle period. According to ETSI spec, the channel occupancy time shall be in the range 1 ms to 10 ms and the minimum idle period shall be at least 5% of the channel occupancy time. CCA shall be performed in the idle period. After a successful CCA check, i.e. the channel is identified as “not occupied”, an FBE device may transmit immediately on the next frame. Otherwise, no transmission is allowed.


Figure 5:  Illustration of frame based LBT
For the case of different operators sharing the same unlicensed spectrum resource, when two operators’ network employing frame based LBT are completely synchronous (i.e. time synchronous, same frame period and CCA configuration), the transmission of two operators will collide when both of them have traffic to serve, as two operators identify the channel availability at the same time. As shown in figure 6, interference issue between two operators will always happen and cannot be solved by LBT. Therefore such completely synchronous operation shall be avoided as much as possible in co-channel multi-operator scenario.


Figure 6: Frame based LBT with completely synchronous operation for two NR-U operators
Enhanced FBE scheme should be studied to avoid the collision of CCA among operators. As a simple solution, the contention window size can be enlarged to include multiple of CCA slots. As an example, assuming the 20us for each CCA slot as defined in [4], the contention window can be defined as 60us such that only 1 OFDM symbol for SCS=15K is used and the impact to data/control transmission is minimized. Figure 7 shows an example of such enhanced CCA for frame based LBT, the slot for CCA within the contention window is pre-determined or randomly determined in each frame period for each operator. After a successful CCA, the channel is reserved until the end of the contention window. After a failed CCA, the operator cannot transmit on the current frame period and sense the channel at another CCA slot that is selected. 


Figure 7: Example of enhanced CCA for FBE
Proposal 5: An enhanced FBE scheme should be utilized to avoid collision of CCA among operators. 
2.4   CW size adjustment 
The dynamic exponential contention window has been adopted for LTE-LAA cat.4 LBT. DL CWS (contention window size) is adjusted based on HARQ ACK/NACK feedback of the reference subframe. UL CWS adaptation is based NDI indication of UL grant corresponding to the reference subframe. For DL, the CWS is increased if at least 80% of the HARQ ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value. For friendly coexistence with WIFI, the reference subframe  is refer to the first subframe of latest DL data burst for which HARQ-ACK feedback is available or the most recent transmitted burst prior to the UL grant reception. According to agreement of RAN1 #94 meeting, CWS adjustment procedure in NR-U may additionally consider to match NR new features.
CWS adjustment rule should be enhanced to support CBG based HARQ-ACK introduced by NR. Two approaches can be considered. 
Alt.1: CWS is adjusted based on CBG-ACK corresponding to the first CB group of TB in the reference subframe. As “frequency first” resource mapping is taken in NR, collisions are most likely to occur in the first CBG. CBG-ACK corresponding to first CBG can be calculated as TB-ACK or CBG-ACK of first CBG is directly used for triggering CWS adjustment. 
Alt.2: CWS is adjusted based on NACK ratio of CBG-ACKs in the reference subframe. E.g., TB-ACK may be considered as NACK if at least Z% of the CBG-ACK feedback values for TB are NACK. 
Proposal 6: CWS can be adjusted based CBG-ACK corresponding to the first CB group or NACK ratio of CBG-ACKs in the reference subframe.
Conclusion
In this contribution, we discussed the channel access procedure for NR unlicensed bands.  The above discussion is summarized with following observations and proposals:
Observation 1: Directional LBT will provide an additional dimension of channel access opportunities than that of omnidirectional LBT.
Observation 2: With directional LBT, hidden nodes issue can be aggravated.
Observation 3: Directional LBT with RTS/CTS type handshaking can mitigate the hidden node issue. However, the gNB cannot determine the channel occupancy time of hidden nodes, which should be studied further.
Observation 4: Directional LBT should be studied further in case that the Tx/Rx  beam correspondence is not ensured.
Proposal 1: The coexistence performance of NR-U with directional LBT and other systems with omnidirectional LBT should be carefully evaluated.
Proposal 2: For sub-6G band, operating LBT in  20MHz  should be considered. 
Proposal 3: For above-6G band, performing LBT in integer multiples of 20MHz can be considered to balance implementation complexity and spectrum utilization.
Proposal 4: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes. 
Proposal 5: An enhanced FBE scheme should be utilized to avoid collision of CCA among operators. 
Proposal 6: CWS can be adjusted based CBG-ACK corresponding to the first CB group or NACK ratio of CBG-ACKs in the reference subframe.
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