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1. Introduction
In the RAN meeting #90-e, the revised WID of “Extending current NR operation to 71GHz” was agreed [1] with the following objectives for RAN1:

	· Physical layer aspects including [RAN1]:
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz

· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 

· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.

· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation

· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued

· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 


This WI extends NR operation up to 71GHz considering both licensed and unlicensed operation, so channel access mechanism for unlicensed operation should be specified, as marked in green. This contribution mainly discusses the channel access mechanisms for unlicensed bands.
2. LBT mechanisms
According to SI outcome, the channel access mechanism defined in EN 302 567 has been identified as the baseline and enhancements have been identified for further discussion. 
2.1. LBT procedures for unlicensed band in high frequency range
In NR-U, LBT mechanisms for FR1 unlicensed band include Type 1 channel access and Type 2 channel access, where Type 1 channel access is mainly for a device to initiate a COT, and Type 2 channel access is mainly for a device to share a COT. We think the same design philosophy should apply to the design of LBT mechanisms for unlicensed band in the high frequency range.

The LBT procedure defined in EN 302 567 requires gNB/UE to perform channel sensing for a random determined number of sensing slots which is derived from the range of [0, Zmax], so this procedure can be defined as Type 1 channel access for unlicensed band in high frequency range. The value of Zmax can be determined by gNB for gNB-initiated COT, or can be configured by gNB for UE-initiated COT. Unlike Type 1 channel access in FR1, there is no need to introduce channel access priority class (CAPC) for services with different priorities, considering that the interference from neighbor devices may not be that severe as FR1. 
In FR1, Type 2 channel access procedures require gNB/UE to perform channel sensing for a deterministic time duration, and the sensing time duration is 16μs or 25μs. The same LBT procedures should be introduced for a device to share a COT, except that the exact time duration could be scaled from 16μs/25μs to 8μs/13μs to apply for unlicensed band in high frequency range.
Proposal 1: The LBT mechanism in EN 302 567 can be defined as Type 1 channel access to initiate a COT for unlicensed band in high frequency range. 
Proposal 2: Introduce Type 2 channel access for shared COT operation for unlicensed band in high frequency range. 
2.2. LBT bandwidth
According to SI outcome, further down-selection of one or more of the alternatives as following for LBT bandwidth should be discussed:

-
Alt 1: LBT bandwidth equals channel bandwidth,

-
Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission), = min(CBW, TBW)
-
Alt 3: LBT bandwidth can be wider than channel bandwidth,

-
Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel,

-
Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth.

In our understanding, UE should declare a set of nominal bandwidths for transmission on unlicensed band. A declared nominal bandwidth should be one or a multiple of the minimum declared nominal bandwidth. The configured active BWP for UE transmission should be one or a multiple of the minimum declared nominal bandwidth, that is to say, the minimum declared nominal bandwidth can be taken as a RB set like FR1. Correspondingly, the LBT bandwidth should equal with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth. 
Proposal 3: Support Alt 5 to define LBT bandwidth. 
2.3. Energy detection threshold
In EN 302 567, the energy detection threshold is determined according to the RF output power and the maximum RF output power:
	7) The energy detection threshold for the CCA Check shall be -47 dBm + 10 × log10 (PMax / Pout) (Pmax and Pout in W e.i.r.p.) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit defined in clause 4.2.2.1.

4.2.2.1 Definition 

The RF output power is the mean equivalent isotropically radiated power (EIRP) for the equipment during a transmission burst. 
4.2.2.2 Limit 

The maximum RF output power is applicable to the system as a whole when operated at the highest stated power level. For a smart antenna system, the limit applies to the configuration that results in the highest EIRP. In case of multiple (adjacent or non-adjacent) channels the total RF output power of all channels shall be less than or equal to the limits in table 3. The maximum RF output power shall be as indicated in table 3. 

Table 3: RF output power limit

Max power level (EIRP)
40 dBm



This energy detection threshold should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, and coexistence, etc. Similar to energy detection threshold determination formula in FR1, the energy detection threshold in high frequency range can be determined by 
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First, the nominal bandwidth should be determined to derive the power spectral density (PSD) level. For example, assume the nominal bandwidth is 400 MHz, then the PSD per nominal bandwidth is 4.988e-8 mw/MHz with the assumption of -47dBm. Then, Tmax can be calculated according to the channel bandwidth BWMHz as follows:

[image: image2.png]Tmax(dBm)=10 - log 10 (4.988 - 10~ 5(mW/MHz) - BWMHz (MHz))




The channel bandwidth could be the LBT bandwidth, e.g., the channel bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth. PH can be fixed to 40dBm according to Table 3. PTX depends on the transmission bandwidth and the antenna gain. 
Proposal 4: Support similar principle of energy detection threshold determination in FR1 for high frequency range. 
3. Directional LBT
According to SI outcome, it was concluded to further discuss when specifications are developed if 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. In our view, for directional LBT, the LBT beam should at least cover all the transmission beams at the transmitter side. Two kinds of relations between LBT beams and transmission beams are show in Figure 1.
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Figure 1: The relations between LBT beams and transmission beams
The relations between LBT beams and transmission beams can be leaved as implementation. Further, RAN4 can define tests and requirements to make sure the LBT beam covers all the transmission beams at the transmitter side. On the other hand, the determination of energy detection threshold should further consider the beamforming gain for a specific LBT beam and/or the corresponding transmission beam.

Proposal 5: The relations between LBT beams and transmission beams can be leaved as implementation. 
4. Receiver-assisted LBT
As shown in Figure 2, the procedures of Rx-assisted LBT include two cases. Before gNB’s transmission, the gNB can send a RTS-like signal to the target UE to request transmission. If the target UE receives the RTS-like signal and responds to the gNB with a CTS-like signal to indicate it is ready for reception, the gNB can start the successive DL transmission bursts. If the target UE does not receive the RTS-like signal, or if the target UE receives the RTS-like signal but fails to send the corresponding CTS-like signal to the gNB due to LBT failure, the gNB may give up the transmission of the successive DL burst.
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Figure 2: The procedures of Rx-assisted LBT
To complete this procedure, the RTS-like and CTS-like signals should be designed for receiver-assisted LBT for unlicensed band in high frequency range. Considering that exist channels should be reused as much as possible, and also considering the reliability of signal detection, it is preferred to carry the RTS signal in a PDCCH and carry the corresponding CTS signal in a PUCCH. Which DCI format should be used to indicate the RTS signals, which information should be carried in the RTS signal, and how to determine the resource for CTS signal transmission can be further studied. 
Proposal 6: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH. 

5. Conditions for No-LBT transmission
According to SI discussion, if no-LBT mode is configured when LBT is required for short control signaling transmission, restrictions to the transmission, such as, on duty cycle (airtime measured over a relatively long period of time), content, TX power, etc. can be discussed when specifications are developed. In EN 302 567, there are some descriptions regarding short control signaling:
	· Using the procedure defined in clause 5.3.8.3, it shall be verified that:

a) The UUT stops transmissions on the current operating channel within a period equal to the maximum Channel Occupancy Time defined in clause 4.2.5.3. The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.

b) Apart from transmission of the frames for short control signalling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.

c) The time synchronization and beam forming frames transmissions shall be less than or equal to 10 % within an observation period of 100 ms.

d) On removal of the interference signal the UUT may start transmissions again on this channel. However, this is not a requirement and, therefore, does not require testing.



Based on similar principle, it is preferred to introduce the following conditions for no-LBT transmissions: 
· No-LBT mode should be used only for transmission of ACK/NACK, SSB, and PRACH preamble;

· The transmission of SSB and PRACH shall be less than or equal to 10% within an observation period of 100ms. 

Proposal 7: No-LBT mode should be used only for transmission of ACK/NACK, SSB, and PRACH preamble. 
Proposal 8: The transmission of SSB and PRACH shall be less than or equal to 10% within an observation period of 100ms. 
6. Conclusion

In this contribution, we discussed some considerations on channel access mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. The following proposals were made.
Proposal 1: The LBT mechanism in EN 302 567 can be defined as Type 1 channel access to initiate a COT for unlicensed band in high frequency range. 
Proposal 2: Introduce Type 2 channel access for shared COT operation for unlicensed band in high frequency range. 

Proposal 3: Support Alt 5 to define LBT bandwidth. 
Proposal 4: Support similar principle of energy detection threshold determination in FR1 for high frequency range. 
Proposal 5: The relations between LBT beams and transmission beams can be leaved as implementation. 
Proposal 6: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH. 

Proposal 7: No-LBT mode should be used only for transmission of ACK/NACK, SSB, and PRACH preamble. 
Proposal 8: The transmission of SSB and PRACH shall be less than or equal to 10% within an observation period of 100ms. 
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