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Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss the 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 (i.e., 60 GHz unlicensed spectrum). 
General Aspects for Channel Access Mechanism
As identified in our accompany contribution [2], in the targeted carrier frequency range between 52.6 GHz and 71 GHz, only 60 GHz unlicensed spectrum is identified between 57 GHz and 71 GHz, wherein the carrier frequency range between 57 GHz to 66 GHz is globally unlicensed, while the carrier frequency range between 66 GHz and 71 GHz is only applicable in US at least for now. 

ETSI regulation for the operating on the 60 GHz unlicensed spectrum is captured in [3], where the channel access mechanism (so called “medium access protocol” in [3]) is specified in section 4.2.5. 3GPP shall comply to the regulation requirement when designing the channel access mechanism, in order to guarantee fair coexistence with other RATs operating on the same carrier frequency range. For example, Wi-Fi 802.11 ad is one of such existing RAT developed to operate on the 60 GHz unlicensed spectrum. 

Proposal 1: The design of channel access mechanism shall comply to the regulation requirement, if applicable, and guarantee fair coexistence with 802.11 ad operating on the 60 GHz unlicensed spectrum. 
Clarification for OCB Requirement
In RAN1 #102-e, one conclusion was made regarding RAN1’s understanding of OCB requirement. 

Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
•	Device supports one or multiple declared nominal channel bandwidths. 
•	For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
•	FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.


In one aspect, the OCB requirement should be defined with respect each node in the system, which further refers to either a gNB or a UE in 3GPP. Hence, the conclusion should be further clarified that the at least one physical layer signal/channel transmission should be separately supported for downlink and uplink. For this purpose, we propose the following. 

Proposal 2: RAN1 shall further clarifies the OCB requirement as follows:
· For each declared nominal channel bandwidth, 
· If the channel is used for DL transmission, RAN1 design should support at least one DL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.
· If the channel is used for UL transmission, RAN1 design should support at least one UL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.

In another aspect, there is one FFS remaining on clarifying the terminology “nominal channel bandwidth” with respect to 3GPP definitions. In our understanding, the nominal channel bandwidth corresponds to the channel bandwidths supported for each NR band, as defined in TS 38.101-X, and this understanding is also aligned with the OCB requirement definition in Rel-16 NR-U. 

Proposal 3: RAN1 shall further clarifies that the “nominal channel bandwidth” in the OCB requirement refers to the channel bandwidths supported for each NR band, as defined in TS 38.101-X. 
Channel Access with and without LBT
In RAN1 #102-e, one agreement was made regarding whether LBT is required for channel access, and both with LBT and without LBT operation modes are supported.  

Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)


One remaining issue is how to switch between the two operation modes, if regulation allows. We observe that the two operation modes lead to natural difference on the physical layer design, and Rel-16 NR-U actually introduces many mechanisms to accommodate the impact from LBT. It is expected that some of the Rel-16 NR-U mechanisms will be reused or improved for 60 GHz unlicensed band, and more mechanisms could also be under study for mitigating the impact of LBT for 60 GHz unlicensed band, then it would be beneficial for the UE to know the current operation mode, in order to determine whether those mechanisms are applicable based on the operation mode. It could be either an implicit indication to the UE, e.g. using band number, location and/or SCS of SS/PBCH block, and etc., or an explicit indication to the UE, e.g. using MIB, SIB, RRC parameter, and etc. 

Proposal 4: It is beneficial to support an implicit or explicit indication of the operation mode to the UE: either channel access is operated with LBT or without LBT. 
Directional LBT
For currently supported unlicensed technic in 3GPP, including LTE LAA and NR-U, a baseline to perform LBT is omni-directionally sensing by the potential transmitter. However, the operation between 57 GHz and 71 GHz is highly directional, wherein the configurations of antenna for both transmission and reception are beamformed according to the targeted direction. One option to cope with directional transmission and reception on the 60 GHz unlicensed band and to improve spatial reuse is for the potential transmitter to perform a LBT according to the same direction as its intended transmit beam direction, so called “directional LBT”.  

Compared to the baseline omni-directional LBT, directional LBT can lead to better channel access probability and correspondingly better spatial reuse under the same ED threshold. The channel access gain for directional LBT will further outweigh its potential SINR performance loss compared to omni-directional LBT, which correspondingly will lead to a better throughput performance than the omni-directional LBT. 

Proposal 5: RAN1 shall study the channel access mechanism with directional channel sensing.
LBT with Handshake Mechanism
In general, a potential transmission in the unlicensed band can be granted channel access if the following two conditions are met: (1) the receiver(s) of the potential transmission is ready to receive; and (2) the potential transmission will not cause strong interference to the receivers of ongoing transmissions. Condition (1) ensures that the potential transmission can have enough SINR and can avoid the hidden node issue, while condition (2) ensures that the potential transmission can provide fair coexistence with ongoing unlicensed transmissions. LBT schemes that are performed at the potential transmitter side can only approximately satisfy both conditions. 

A general approach for NR-U transmissions to satisfy both condition (1) and condition (2) is through supporting a configurable handshake mechanism between gNB and UE, on top of the LBT schemes discussed in Section 3 for data transmissions. It has been discussed in [4] that handshaking between transmitter and receiver is a possible means to reduce the impact of hidden nodes for NR-U, and that detailed solutions for the handshaking can be considered. 

The handshake between gNB and UE can be including an exchange of a channel access request (CARQ) and a channel access response (CARP). Specifically, CARQ and CARP can be message-based, wherein the CARQ can be transmitted by the potential transmitter upon successful LBT for data transmission; and the CARP can be transmitted by the receiver upon receiving CARQ and after successful LBT (e.g., single-shot LBT). The CARQ (CARP) message can include the following information: the indicator for CARQ (CARP), the transmitter (receiver) identity, transmitter (receiver) beam direction information, the maximum channel occupancy time (MCOT), etc. Figure 1 illustrates an example of the LBT with handshake mechanism before a downlink transmission. 



Figure 1. Example of LBT with CARQ/CARP exchange before a downlink transmission.

For a potential transmitter and receiver pair with the handshake mechanism, the transmission can be granted if (1) the LBT for data transmission at the transmitter side is successful; (2) the CARQ/CARP message exchange between the transmitter and receiver is successful; and optionally that (3) through monitoring the CARQ/CARP messages from other transmitter/receiver pairs, the potential transmitter can determine that its transmission will not cause strong interference to existing transmissions. Figure 2 illustrates an example where gNB1 is transmitting to UE1; and gNB2 intends to transmit to UE2. Despite gNB2 can succeed in the directional LBT scheme, gNB2 can decide to not transmit to UE2, since UE2 will fail to respond the CARP addressed to gNB2 and/or gNB2 can receive the CARP message from UE1 that is addressed to gNB1. Therefore, the handshake mechanism can be combined with the LBT scheme to achieve fair and efficient channel access with the coexisting radio access technologies (RATs), which can be beneficial for both omni-directional and directional LBT schemes.


Figure 2. Example of addressing hidden node issue with handshake mechanism.

Proposal 6: RAN1 shall study the channel access mechanism with handshake between transmitter and receiver. 
Evaluation Results for Channel Access Mechanisms
A set of evaluation results for different channel access mechanisms is shown in Figure 3 and Figure 4, for DL and UL UPT respectively, wherein the system-level simulation is for Scenario indoor-A, and the LBT based channel access procedure is using EN 302 567 as baseline. Detailed evaluation assumptions are reported in the Appendix. 

 It can be observed that directional LBT performs better than omni-directional LBT, in terms of the DL and UL throughput (both mean and 5% tile), and directional LBT has performance gain over no LBT for high load case. It can also be observed that directional LBT has higher gain in term of the 5% tile performance, which implies a more accurate channel interference estimation for the 5% tile UEs. 
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Figure 3. DL UPT results for different channel access mechanisms.
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Figure 4. UL UPT results for different channel access mechanisms.

Observation 1: Directional LBT performs better than omni-directional LBT. 

Observation 2: Directional LBT performs better than no LBT in high load case, and performs worse than no LBT in low load case. 

Observation 3: Directional LBT has higher performance gain for 5% tile UEs. 
Conclusion
In this contribution, we have discussed the channel access mechanism on the 60 GHz unlicensed spectrum. Observations and proposals of this contribution are summarized as follows. 
Proposal 1: The design of channel access mechanism shall comply to the regulation requirement, if applicable, and guarantee fair coexistence with 802.11 ad operating on the 60 GHz unlicensed spectrum. 

Proposal 2: RAN1 shall further clarifies the OCB requirement as follows:
· For each declared nominal channel bandwidth, 
· If the channel is used for DL transmission, RAN1 design should support at least one DL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.
· If the channel is used for UL transmission, RAN1 design should support at least one UL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.

Proposal 3: RAN1 shall further clarifies that the “nominal channel bandwidth” in the OCB requirement refers to the channel bandwidths supported for each NR band, as defined in TS 38.101-X. 

Proposal 4: It is beneficial to support an implicit or explicit indication of the operation mode to the UE: either channel access is operated with LBT or without LBT. 

Proposal 5: RAN1 shall study the channel access mechanism with directional channel sensing.

Proposal 6: RAN1 shall study the channel access mechanism with handshake between transmitter and receiver. 

Observation 1: Directional LBT performs better than omni-directional LBT. 

Observation 2: Directional LBT performs better than no LBT in high load case, and performs worse than no LBT in low load case. 

Observation 3: Directional LBT has higher performance gain for 5% tile UEs. 
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Appendix
Table 1 Evaluation assumptions in SLS 
	Parameters
	Values

	Carrier frequency
	60 GHz

	Subcarrier spacing
	960 kHz

	[bookmark: _GoBack]Bandwidth
	2 GHz

	Number of RBs
	160

	Development scenario
	Indoor-A

	UE distribution
	5 per BS

	Channel model
	InH open office

	Mobility
	1 km/hr

	BS antenna configuration
	(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH)

	BS antenna element gain
	5 dBi

	UE antenna configuration
	(Mg,Ng,M,N,P) = (1,2,2,2,2) with (0.5 dv, 0.5 dH)

	UE antenna element gain
	5 dBi

	BS power limitation
	40 dBm EIRP

	UE power limitation
	25 dBm EIRP with 21 dBm max TxP

	BS NF
	7 dB

	UE NF
	10 dB

	PDCCH overhead
	2 symbol per slot 

	DMRS overhead
	1 symbol per slot

	Traffic model
	FTP model 3 (27 Mbyte file)

	DL/UL traffic radio
	50% DL, 50% UL

	LBT based channel access
	EN 302 567
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