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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK1]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 60GHz. In addition, coexistence methods should also be studied 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 RAN1 #94 meeting [2], some conclusions have been reached as follows for NR-U:
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 this contribution, we share our views on channel access mechanism, including LBT for multiplexing and frequency (Spatial) reuse, FBE based LBT, directional LBT mechanism, receiver assisted LBT, LBT for wideband and MCOT sharing between DL and UL and CWS adjustment for NR-U.
 Channel access mechanism for NR-U
LBT for Multiplexing and Frequency (Spatial) Reuse
In LTE-LAA, frequency reuses among the neighbor nodes of the same operator have been supported. Wherein, maximum ED threshold (-52 dBm) has been agreed for supporting frequency reuse. In addition, it is recommended that multi-user multiplexing in one UL subframe on the unlicensed SCell by SDM or FDM shall be supported in LTE-LAA. Based on this, multi-user multiplexing and frequency reuse could be also considered to be supported in NR-U. Furthermore, spatial reuse in NR-U has been supported to enhance performance beyond the baseline LBT in RAN1 #92bis meeting.
In order to better support multiplexing and/or frequency reuse and/or spatial reuse in NR-U, we can also consider other schemes such as blank pattern/reserve resource pattern method in addition to CCA detection approach. The merit of this method is that NR-U nodes can distinguish whether the current interference observed on the channel is from other NR-U nodes of the same operator or from NR-U nodes of the other operator or from others UE belonging to the same cell or from other RATs. Preferably, different operators/cells configure different blank patterns/reserve resource pattern and NR-U nodes of the same operator/cell configure the same blank pattern/reserve resource pattern. Wherein, blank pattern/reserve resource pattern can be reserved during its reservation signal and/or data transmission. NR-U nodes can detect energy on the blank pattern to estimate the source of interference. Some similar methods are also discussed in other contribution [3][4].
An example is given to illustrate the blank pattern/reserve resource pattern method to support multiplexing and/or frequency reuse and/or spatial reuse for the same cell/operator nodes (e.g., gNB or UE). As shown in Figure1, assume that node1 and node2 and node3 belong to the operator1. If the node1 completed CCA detection first and the time of successful CCA detection is not until the transmission starting position, then it can send a reservation signal to occupy the channel. The reservation signal transmitted by node1 can be detected by node3 or node2 when performing LBT. In order to let node2 and/or node3 reuse/multiplexing the occupied channel by node1, the blank pattern/reserve resource pattern can be applied for reservation signal transmitted by node1 for node2 and node3 to identify interference source. We can see from the Figure1 that node3 successfully identifies that the current channel is occupied by a node of the same operator, so the node3 can transmit data on the scheduled resource. In order to further improve the efficiency of spectrum reuse, the blank pattern/reserve resource pattern can be reserved during the data transmission. That is to say, the transmitting node1 and node3 need to reserve the blank pattern/reserve resource pattern on the transmission resource to provide some opportunity to other nodes of the same operator. Here, the node2 can obtain the right to use channel and transmission data as well because it identifies the current interference from the same operator node(s) by the blank pattern/reserve resource pattern method. 
The rule of CCA assessment whether the channel is idle and available is as follows: if the detected energy on the blank pattern/reserve resource pattern is lower than the threshold T1, and detected energy on the resources outside the blank pattern/reserve resource pattern in the whole bandwidth is larger than the threshold T2, then assumes that the current channel is occupied by nodes from the same cell/operator. So it can ignore the current interference on the channel and assume that the channel is idle and can be multiplexed/reused. Or if the detected energy on the blank pattern/reserve resource pattern is larger than T1 while the detected energy on the resources outside the blank pattern/reserve resource pattern in the whole bandwidth is larger than the threshold T2, then the node can think that the channel is occupied by nodes of other operator. Wherein, T1<T2. The method the above description is also applicable for spatial reuse between nodes of the same system/operator.

 
Figure 1. Multiplexing/reuse among the node1 and node2 and node3 of the same operator
[bookmark: OLE_LINK17]Proposal 1: Frequency (Spatial) reuse/multiplexing should be supported in NR-U and some methods can be considered such as blank pattern/reserve resource pattern method.
FBE based LBT
For FBE, low channel access probability due to fixed LBT time and unfair channel access opportunity between different NR-U nodes should be taken into consideration when they are asynchronized. Thus, multiple CCAs can be configured for FBE based LBT. Wherein, default CCA detection time is 25 µs. 
That is to say, for multiple CCAs method, in each CCA time window, there is more than one CCA time. On one hand, the first CCA detection position of the UE can be randomly selected in the pre-partitioned CCA detection time window. If the CCA results indicate the channel is unavailable, then the second CCA detection time is still randomly selected in the rest of the CCA detection time window. And so on, until the CCA results indicate the channel is available, the UE would transmit UL data in the scheduled resources, as shown in Figure2(a). On the other hand, in a given CCA time window, the channel is considered to be available as long as the channel idle time  continuously detected is greater than the default CCA detection time, as shown in Figure2(b). This method not only solve unfairness problem caused by NR-U node timing difference but also increase the channel access opportunity of NR-U nodes.


(a)


(b)
Figure2. Two types of multiple CCAs method for FBE
Proposal 2: Multiple CCAs methods can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of NR-U nodes access channel.
Directional LBT Mechanism
In LTE-LAA, in order to guarantee fair coexistence with the incumbent Wi-Fi system in the unlicensed carrier, LBT (listen before talk) with energy detection via omni-directional antenna beam was introduced in LAA and eLAA. 
In NR, SS/PBCH block transmission with beam has been supported to cover the whole NR cell. In NR-U, SS/PBCH block also needs to be supported in some NR-U deployment scenarios to enable initial access and/or measurement and so on. However, according to the regulation requirement of the unlicensed carrier, LBT needs to be performed before the actual SS/PBCH block transmission. If LBT in LTE-LAA is directly reused for beam-based SS/PBCH block transmission, it will lead to inaccurate CCA detection problems, e.g., high interference detected on the omni-directional beam could block the SS/PBCH block transmission on narrow directional beam even if the SS/PBCH block transmission does not interfere with the transmission of the other nodes in other beam directions. Based on this, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission in order to improve the probability of channel access and the accuracy of CCA detection. 
In order to support directional LBT mechanism, some enhancements to current LTE-LAA LBT mechanism are worthy study to avoid interference. For example:
· Enhanced energy calculation method
In order to avoid the inaccuracy of CCA detection results caused by the mismatch between omni-directional LBT mode and directional SS/PBCH block transmission, some enhancements for energy calculation method need to be considered. For example, only the signal energy within the beam range can be used to determine the channel idle/busy condition.
· CCA detection threshold

For LTE-LAA, due to 20MHz channel and omni-directional channel detection mode, the CCA energy detection threshold is unique for the transmission nodes. For NR-U, if channel access uses directional LBT, the CCA energy detection threshold for the transmission node may change due to beamforming gain is introduced in EIRP of  calculation. Wherein, EIRP=Tx power + antenna gain + beamforming gain. Therefore, it is necessary to discuss and study the calculation method of EIRP and appropriate CCA detection threshold for directional LBT in NR-U. 
Proposal 3: Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. 
Receiver assisted LBT
Receiver assisted LBT has been supported to enhance performance beyond the baseline LBT mechanism in RAN1 #92bis meeting. Based on this, we need to further study the hidden node problems in the directional LBT operation. Due to directional sensing operation, the hidden nodes problem will become more severe as shown in Figure 3. For example, both BS1 and BS2 adopt directional beam mode to transmit/receive. BS1 senses channel idle and transmits to UE1. BS2 in its beam direction may not be able to detect the energy of BS1 and hence transmits to UE2. However, both UE1 and UE2 are within the coverage of BS1 and BS2 transmit beam. Both UE1 and UE2 might fail to receive the respective transmissions due to inter-RAT interference. For this case, the directional LBT can be enhanced by target UE performing a directional LBT and sending a short indication signal. Therefore, receiver assistance should be supported to help mitigation potential hidden node issue.


Figure 3: directional Tx/Rx
Proposal 4: For directional LBT manner, some receiver assistance methods (e.g., the receiver perform a directional LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
LBT for wideband
In NR, it has been agreed that the maximum channel bandwidth per NR carrier is 100MHz for blow 6GHz and 400MHz for 6~52.6GHz. While in RAN1 #92bis meeting, similar conclusion for NR-U has been reached that the NR-U operating bandwidth is an integer multiple of 20MHz. 
In order to transmit on the wideband/BWP, a simple method is to perform the LBT on the entire bandwidth/BWP, which can fully utilize the entire band if LBT succeeds. However, this method can be inefficient when the wideband/BWP consists of multiple 20MHz subbands in sub-7 GHz. For example, LBT of the wideband/BWP can fail if any one of the subbands in the wideband/BWP is busy, e.g., Wi-Fi, LTE-LAA transmission in the 20MHz bandwidth.
In order to transmit on the wideband/BWP, another way is to perform the LBT on each 20MHz subband. LBT for each 20MHz subband can be done in a similar manner as it is done for LTE-LAA multiple CCs (e.g., Type A/B) in TS 36.213 Section 15.1.5[5]. Wherein, LBT on multiple 20MHz subbands can be utilized for transmission. Compared with LBT of wideband, LBT on multiple 20MHz subbands can improve the spectrum utilization and coexistence fairness with incumbent systems. Based on this, LBT on wideband/BWP can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner. Furthermore, assumed that BWP is larger than 20MHz and parameters are configured based on the BWP, if LBT on BWP fails but LBT on some of the subbands succeeds, how to solve the mismatching issue between transmission bandwidth and BWP parameters configuration.
Proposal 5: LBT on wideband/BWP (e.g., multiple 20MHz subbands) can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner. But some problems need to be considered such as the mismatching between configuration information and actual transmission bandwidth.
LBT for MCOT Sharing between DL and UL
In LTE-LAA, if the nodes perform Cat-4 LBT with omni-directional beam success, it is allowed to transmit within a MCOT. Further, if this MCOT is shared by other nodes (e.g., eNB or UE), the other nodes need to perform Cat-2 LBT with omni-directional beam. 
Different from LTE-LAA, NR takes advantage of beamforming technology and TRP-based topology to expand cell coverage and also enhance edge user performance. With these features, LBT for MCOT in NR-U may be different compared with LTE-LAA. Owing to the beamforming transmission modes, in order to transmit message to the serving UEs in a certain range, TRP needs to transmit different beams toward different directions, which can be within the same or different time units. Therefore, if simply reuse LTE-LAA LBT for MOCT, that is to say, gNB only perform beam-based LBT once at the beginning of the MCOT and non-LBT for different DL transmission time units within MCOT, then for one TRP, it may happen that within MCOT some beams experience an unoccupied channel and the other beams encounter a channel with higher interference from other coexisting nodes. 
Therefore, we suggest that some modifications are needed for channel access mechanism/procedure of MCOT or introduction of channel access gap between consecutive DL and UL with different beams within MCOT.
Besides, if the gap between DL and UL (e.g., UCI) within MCOT is smaller than 16us, then non-LBT can be introduced for UL transmission.
Proposal 6: Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum. 
CWS adjustment
In RAN1 #94 meeting, it has reached the agreement to consider  CBG based HARQ-ACK operation, NR scheduling and HARQ-feedback delays and processing times, wideband operation including BWPs, and configured grant operation  in NR-U CWS adjustment procedure in addition to aspects considered in LTE LAA. We discuss the impact of each factor in details as below.
For the impact of CBG-ACK feedback on CWS adjustment, the key point is how to count multiple CBG-ACKs per TB into the NACK ratio Z in DL/UL CWS adjustment. The following candidate solutions can be considered.
· Option1:  the NACK ratio Z is of TB level, which means to covert CBG-NACK into TB-NACK. For example, when all CBG of the reference slot for the same TB are NACKs, the CBG-NACK for the TB is counted as a TB-NACK. Or when one CBG of the reference slot for the TB is NACK, the CBG-NACK for the TB is counted as a TB-NACK. Or the NACK ratio of TB level can be calculated as the ratio of NACKs in CBG level for the same TB. 
· Option2:  change the definition of NACK ratio Z to include TB-NACK and CBG-NACK, which is the ratio of total number of NACK of TB and CBG in the reference slot/subframe and total number of transmitted TB and CBG of the reference slot/subframe.
In the wideband operation, LBT position in frequency domain may be changed for different slot, such as on different BWPs or subbands. In this case, CWS maintenance for wideband NR-U system could be performed per BWP. Besides, it is necessary to study how to alleviate the negative impact of NACK on CWS adjustment due to subband LBT failures in wideband operation. One solution is to introduce a scaling factor to the computation of NACK ratio. The scaling factor can be the ratio of overlapping bandwidth to the current LBT subband bandwidth, where the overlapping bandwidth is bandwidth overlapped between previous data transmission and current LBT subband.
When supporting flexible DL/UL scheduling/HARQ timing, how to determine the reference slot needs to be discussed. Although NR can adapt timing relationship between PDSCH and UL HARQ feedback, between PUSCH transmission and retransmission, and so on, the reference slot defined for CWS adjustment should be still the first or the first and second slots of the latest DL/UL data burst for which HARQ ACK feedback is available.
In configured grant operation, the CWS adjustment scheme specified in AUL of R14 eLAA can be the baseline, further enhancement can be considered for configured grant specific characteristic once the configured grant UL transmission procedure for NR-U is defined. 
Proposal 7: The impact of CBG based HARQ-ACK feedback and wideband operation for CWS adjustment should be studied. 
Conclusion 
In this contribution, we share our views on channel access mechanism for NR-U. We have the following proposals:
Proposal 1: Frequency (Spatial) reuse/multiplexing should be supported in NR-U and some methods can be considered such as blank pattern/reserve resource pattern method.
Proposal 2: Multiple CCAs methods can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of NR-U nodes access channel.
Proposal 3: Directional LBT Mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission.
Proposal 4: For directional LBT manner, some receiver assistance methods (e.g., the receiver perform a directional LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
Proposal 5: LBT on wideband/BWP (e.g., multiple 20MHz subbands) can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner. But some problems need to be considered such as the mismatching between configuration information and actual transmission bandwidth.
Proposal 6: Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum. 
Proposal 7: The impact of CBG based HARQ-ACK feedback and wideband operation for CWS adjustment should be studied. 
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