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1. Introduction

In order to support wide range of services, 5G NR system aims to be flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable in an efficient manner. In particular, NR considers supporting potential use of frequency range up to 100 GHz (ref. TR 38.913).  

The new SID on supporting NR from 52.6 GHz to 71 GHz includes the following objectives in RAN1:
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].

· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

This contribution provides some considerations on channel access mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. 
2. Discussions
2.1. Regulation on LBT mechanism
According to the SID, channel access mechanisms (or LBT mechanisms) should be considered to comply with the regulatory requirements applicable to unlicensed spectrum. According to ETSI regulation [2], LBT is mandatory to facilitate spectrum sharing in the 60 GHz band and the LBT mechanism is as follows:
	The LBT mechanism is as follows:

1) Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple CCA slot times of 5μs. The Operating Channel shall be considered occupied for a slot time if the energy level in the channel exceeds the threshold corresponding to the power level given in step 5) below.

2) Extended CCA Check definition:

a) An extended CCA check is initiated at end of operating channel occupied.
b) The transmission shall not start earlier than 8 μs while observing CCA empty.
c) The transmission deferring continues for a random number of empty slots period.
d) Random number: ranges from zero to a Max number not greater than 127.
e) Extended CCA Check Time equals b) + c), i.e. 8 μs + random(0 to 127) × 5 μs.
3) The equipment shall perform an Extended CCA Check in the Operating Channel. If the equipment finds an Operating Channel occupied, it shall not transmit in that channel. If the extended CCA check has determined the channel to be no longer occupied for the entire Extended CCA Check Time, the equipment may resume transmissions on this channel.
4) The total time that an equipment makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 9 ms, after which the device shall perform a new CCA as described in step 1) and step 2) above.
5) The equipment, upon correct reception of a packet which was intended for this equipment, can skip CCA and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA, shall be less than or equal to the Maximum Channel Occupancy Time as defined in step 3) above.
6) The energy detection threshold for the CCA shall be -47 dBm + (40 dBm - Pout (dBm)) assuming 0 dBi antenna gain.


The above procedures can be considered when developing LBT mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz.
Proposal 1: the LBT mechanism in ETSI regulation should be considered to develop LBT mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. 

2.2. NR-U LBT mechanisms 
LBT mechanisms for FR1 unlicensed band have been evaluated and specified for NR-U, LAA-LTE, as well as Wi-Fi systems to guarantee fair coexistence between inter-RAT and intra-RAT systems. Here we briefly review NR-U LBT mechanisms.

· LBT type with random time duration for sensing
· Type 1 channel access procedure: the gNB/UE may transmit the transmission after sensing the channel to be idle for a random sensing slot number N. The counter N is generated according to a contention window and the contention window size is adjusted based on the feedback of the transmission on the same channel.
· LBT type with deterministic time duration for sensing
· Type 2A channel access procedure: the gNB/UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval of 25 μs.
· Type 2B channel access procedure: the gNB/UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval of 16 μs.
· Type 2C channel access procedure: the gNB/UE may transmit the transmission immediately after an interval of up to 16 μs. The gNB/UE does not need to sense the channel within the interval in this case.
Those LBT mechanisms in NR-U may also be considered to develop the LBT mechanisms for unlicensed band within frequencies between 52.6 GHz and 71 GHz. 
Proposal 2: the LBT mechanism in NR-U, e.g., LBT with deterministic time duration for sensing, should be considered to develop LBT mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. 

2.3. Directional LBT 
Current LBT mechanisms specified for NR-U for FR1 unlicensed band can be taken as omnidirectional LBT. For above 52.6 GHz unlicensed spectrum, normally narrow beams are used to transmit or receive the channels /signals to enhance the link budget. If omnidirectional LBT is still performed to sense the channel for narrow beam transmission, the sensing and the transmission are not matched and the systems are over protected. For example, if energy is detected in any direction by using omnidirectional LBT, the narrow beam transmission is not allowed even if there is no interference on the target direction. 
Enhancements to increase spatial reuse capability should be studied. For example, if directional LBT, in which case the energy detection is performed with the receive beam aligns with the direction of the transmission signal, is considered, multiple communication links may be constructed simultaneously without causing interference to each other. 

Figure 1 gives an example. As shown in Figure 1, with directional LBT, it is possible for gNB 1 and gNB 2 to simultaneously transmit signals to UE 1 and UE 2 respectively. Such kind of spatial reuse will improve the spectrum efficiency.
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Figure 1: directional LBT to increase spatial reuse
It is obvious that directional LBT can increase the success probability of channel access. On the other hand, directional LBT may bring serious hidden node probable. Whether directional LBT can bring benefits to spectrum efficiency improvement or not is questionable. The feasibility of directional LBT for unlicensed spectrum between 52.6 GHz and 71GHz should be studied.
Proposal 3: the feasibility of directional LBT for unlicensed spectrum between 52.6 GHz and 71GHz should be studied. 

3. Conclusion
This contribution provides some considerations on channel access mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. Based on our analysis, we raise the following proposals. 
Proposal 1: the LBT mechanism in ETSI regulation should be considered to develop LBT mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. 

Proposal 2: the LBT mechanism in NR-U, e.g., LBT with deterministic time duration for sensing, should be considered to develop LBT mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz.  

Proposal 3: the feasibility of directional LBT for unlicensed spectrum between 52.6 GHz and 71GHz should be studied. 
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