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1. Introduction

In the RAN meeting #77, the revised new SID on NR-based Access to Unlicensed Spectrum (NR-U) was agreed [1] and this study item includes the following objectives in RAN1:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· 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; 

In this contribution, LAA-LTE channel access mechanisms for DL and UL transmission are briefly reviewed and candidate channel access mechanisms for NR-U operation are discussed.
2. Review of LAA-LTE channel access mechanisms
Channel access procedures in 5GHz band for DL and UL transmission have been evaluated and specified in Rel-13 and Rel-14 to guarantee fair coexistence between LAA-LTE and Wi-Fi systems. Those channel access mechanisms mainly follow the principle of listen before talk (LBT) in load based equipment (LBE) type.
2.1. DL channel access mechanisms

For data transmission on one carrier, eNB should determine channel access priority class to select suitable LBT parameters before DL single-carrier LBT. If the priority class is higher, the channel access will be faster but the corresponding channel occupation time will be shorter. During the LBT procedure, eNB stores a factor N in a counter and decrease the counter every time a clear CCA is observed on the unlicensed carrier, where N is a random number uniformly distributed between 0 and CW, CW is the contention window size determined by the priority class and adjusted by the HARQ-NACK ratio of PDSCH on the target subframe(s) of the unlicensed carrier. If eNB observed a busy slot during this LBT procedure, it should stop decrease the counter and should not resume the counter decrement until an unoccupied longer duration of Td is observed. eNB may start a transmission after the counter reaches zero.
For DRS transmission without data, one-shot LBT with the sensing duration of 25us can be adopted before DRS transmission since the transmission duration is less than 1ms.
The energy detection threshold for carrier sensing can be adjusted by transmit power. The energy detection threshold will be lower if the transmit power is higher and vice versa. 
For multiple-carrier sensing, both Type A and Type B procedures are specified, where Type A requires eNB perform LBT on each carrier and each carrier should follow single-carrier sensing procedure, Type B requires eNB perform single-carrier sensing procedure on one of the multiple carriers and perform one-shot LBT on all the carriers before the transmission.
2.2. UL channel access mechanisms

UL channel access mechanisms are enhanced based on DL channel access mechanisms. UL Type 1 LBT is similar to DL single-carrier LBT and UL Type 2 LBT is similar to DL one-shot LBT. eNB may transmit a signal to UE to indicate which LBT type should be used before UL transmission. For example, if the UL transmission is included within a MCOT reserved by eNB, UE may be indicated to use a UL Type 2 LBT before transmission. 
At least for 5GHz band, channel access mechanisms may be reused as much as possible. Channel access mechanisms specified in LAA-LTE should be a starting point to study coexistence methods of NR-U operations for both below and above 6GHz bands.

Proposal 1: Channel access mechanisms specified in LAA-LTE should be a starting point to study coexistence methods of NR-U operations.
3. Enhanced channel access mechanism
In high frequency spectrum, the beam-based downlink and uplink transmission is beneficial to improve the transmission performance and cell coverage by providing additional beamforming gain, which to some extent can compensate the impact of severe channel fading. As shown in Figure 1, assume cell coverage is marked in blue for eNB transmits signals at the transmission power P without beamforming gain. When the eNB transmits signals at the transmission power P with beamforming for a certain direction, the corresponding cell coverage would be narrow but larger, as the green region shown in Figure 1. 
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Figure 1: Illustration of coverage improvement by additional beamforming gain
In both high and low frequency spectrum, multiple links can be transmitted at the same time using the same frequency resource if those links have different directions and each link does not impact the other links nearby. Therefore, beam-based transmission is also beneficial to spatial multiplexing to boost system capacity and should be supported in both high and low unlicensed bands. 
To support beam-based unlicensed bands operation, some enhancements to current channel access mechanism, e.g., directional channel access mechanism are worthy study to better facilitate spatial multiplexing. Directional LBT is also beneficial for improving channel access opportunity. As shown in Figure 2, to serve a target UE, assume eNB is supposed to transmit omnidirectional signals at the transmit power of P2 to make the UE achieve the required SNR at the receiver side, and the corresponding energy detection threshold is Thr2. If the eNB transmit directional signals at the transmit power of P1 with additional beamforming gain can achieve the same SNR for the UE, the corresponding energy detection threshold Thr1 will be larger than Thr2 according to the LAA-LTE specification, hence the channel access opportunity will be increased for directional LBT.
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Figure 2: Illustration of channel access opportunity improvement by directional LBT 
Based on the above discussion, it is proposed:
Proposal 2: Enhanced channel access mechanism, e.g., directional LBT should be studied for NR-U operations. 
4. Conclusions
In this contribution, LAA-LTE channel access mechanisms for DL and UL transmission are briefly reviewed and candidate channel access mechanisms for NR-U operation are discussed. The following proposals are made.
Proposal 1: Channel access mechanisms specified in LAA-LTE should be a starting point to study coexistence methods of NR-U operations.
Proposal 2: Enhanced channel access mechanism, e.g., directional LBT should be studied for NR-U operations. 
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