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1. Introduction
The channel access mechanisms for 52.6-71 GHz NR operation were agree to be part of work items during RAN #90e [1] and the WID was further revised in RAN #93-e meeting [1]. The agreements are listed as follows.

	· 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 


In this contribution, we discuss different aspects for channel access mechanisms in 60 GHz, including LBT bandwidth, sensing structure aspects, multi-channel channel access and receiver-assisted LBT.


2. [bookmark: _Ref494794648]LBT mechanisms enhancements
2.1 LBT bandwidth
In RAN 1 #106 meeting, there was an agreement for LBT bandwidth and is listed as follows
	Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)
· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)
· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)



The remaining issue for LBT bandwidth is in the FFS, i.e., whether to support single LBT over all CCs for mul-carrier transmission case (Alt CA. 2 in earlier agreement). Compared with Alt CA. 2, the current agreed option (Alt CA.1 in earlier agreements) for multi-carrier transmission is more flexible for channel utilization but also induces higher energy measurement complexity. For example: assuming the number of CC are N, then Alt CA. 1 needs to implement N energy measurement whereas Alt CA. 2 only needs to implement one channel sensing, which is obviously has much lower implementation complexity than CA. 1. However, if energy measurement result of CA. 2 indicates that channel is busy, the overall available channel resources cannot be used. In comparison, if only part of N CCs are occupied, then CA. 1 can be beneficial for finding the available channels for data transmission. . In this situation, CA. 1 has lower LBT overhead and lower data transmission latency. Therefore, although CA. 1 has higher measurement complexity, it has potential to achieve better system performance due to its flexible channel utilization. 
	Another aspect for whether to support CA. 2 should be considered is the relation between sensing result and permissible transmission of each LBT bandwidth. As shown in Fig. 1, in sub-6 NR-U, given 5 CCs to implement LBT procedure and assuming 3 of 5 CCs have sensing results indicating that channel is idle (LBT pass), while the sensing results of the remaining 2 CCs are both busy (LBT fail). For DL transmissions, gNB can use the 3 CCs, which have “idle” sensing results. However, for UL, a UE cannot begin its transmission unless the sensing results of all 5 CCs imply that channels are idle. Whether 60 GHz inherits this behavior or not, will have direct impact on LBT bandwidth. To be more concrete, if UL in 60 GHz has same criterion as that in sub-6, i.e., UL transmission cannot begin unless all LBT bandwidth has “idle” sensing results for multi-carrier transmission, then CA. 2 should be adopted. On the other hand, if DL in 60 GHz uses the same criterion as that in sub-6 NR-U, then CA. 1 might be a better option than CA. 2. Therefore, RAN 1 should discuss the relation between sensing result and permissible transmission of each LBT bandwidth for both DL and UL transmissions before finalizing the LBT bandwidth discussion for 60 GHz. Hence, if UL transmission has the same criterion as in sub-6 NR, CA. 2 can be supported.
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                  Fig. 1 (a) DL transmission in sub-6 NR-U              (b) UL transmission in sub-6 NR-U

Proposal 1: RAN 1 should discuss the relation between sensing result and permissible transmission of each LBT bandwidth for DL and UL transmissions before finalizing the LBT bandwidth for 60 GHz. 

Proposal 2: If UL in 60 GHz can only begin the transmission when all LBT bandwidth has “idle” sensing results as in sub-6 NR-U, CA. 2 can be supported.
    
2.2 Sensing structure aspects
	In RAN 1 #106-e  meeting, the sensing structure aspects for 60 GHz was agreed to down select following alternatives.

	Agreement:
For energy measurement in 8us deferral period, at least a single measurement within 8us is performed, and the measurement duration is selected from one of the following alternatives:
· Alt 1: At least 3+X us (FFS X, such as X=1).
· Alt 2: At least X us, where X is the same as the minimum measurement duration in a 5 us observation slot and is within the 5 us observation slot.
· Alt 3: At least a contiguous duration of X+Y us where the Y us part of the measurement is done at the end of the first 3 us and X is the same as the minimum measurement duration in a 5 us observation slot and is at the beginning of the 5 us duration.


 
	As shown in the Fig. 2, the sensing structure of LBT scheme in 60 GHz consists of a defer duration (=8us) and several sensing slots (=3us) in the random backoff before acquiring a COT. Based on EN 302 567 [2], the number of sensing slot in the random backoff is randomly generated from the interval [0, CW], where CW cannot be less than 3. The sensing structure shown in the Fig. 2 is consistent with that in sub-6 NR-U, i.e., a defer duration and several sensing slots in the random backoff. 
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Fig. 2 Overall sensing structure of CAT 4 LBT in 60 GHz

	The 8 us deferral period in 60 GHz discussed by 3GPP meetings actually corresponds to a defer duration in sub-6 NR-U, which is illustrated in Fig. 3. The defer duration contains an idle period () and 
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 		                    Fig. 3 Structure of a defer duration in sub-6 NR-U

 sensing slots (), where  depends on the channel access priority class (CAPC). Generally, the transmitted signals/channels possesses higher priority when the value of CAPC is smaller. In this case, 
 is smaller, which implies shorter LBT time. The purpose of idle period () in a defer duration is to ensure the previous transmission is finished. Hence, the number of energy measurement in a defer duration in sub-6 NR-U is only one. Besides, the CCA procedure in EN 302 567 is summarized as Fig. 4. It can be seen in step (b) of the Fig. 4 that EN 302 567 does not regulate additional energy measurement for 8 us deferral period. Moreover, in 802.11 ad [3], 8 us deferral period includes aSlotTime (5us) and aSIFSTime (3 us). In this 8 us, the energy measurement only needs to be implemented for one time within aSlotTime since aSIFSTime accommodates MAC processing delay and Rx-Tx turnaround time. The limitation for the duration of energy measurement in 802.11 ad is to be less than 3 us and the precise value of energy measurement is left for implementation. 
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Fig. 4 CCA procedure in EN 302 567
		
	In our view, Alt 3 contradicts with the working assumption in RAN 1 #104b-e meeting, which is listed as follows. Therefore, Alt 3 should be excluded. As for comparison between Alt 1 and Alt 2, the 

	Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.



main difference between these alternatives is whether the energy measurement is completely within the last 5 us. Since the situation that a UE may need to have the transition from a receiver to a transmitter at the beginning of the energy measurement duration should be considered, compared with Alt 1, Alt 2 can leave more room for UE. Besides, Alt 2 is consistent with the scheme in the 802.11 ad. Therefore, Alt 2 should be supported
	
Proposal 3: For sensing structure within a 8 us deferral period, support Alt 2.

2.3 Multi-channel channel access
	In RAN 1 #104-e  meeting, the agreement relevant to multi-channel channel access is achieved and listed as follows.

	Agreement:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed



	The main difference between type A and type B is whether all channels needs to perform cat 4 LBT. Compared with type A, type B needs to choose one channel to perform cat 4 LBT and the rest of channels perform cat 2 LBT. Currently, cat 2 LBT has been introduced for COT sharing scenario, which is acceptable since in the COT sharing case, the introduction of cat 2 LBT causes a more conservative COT sharing. However, for multi-channel channel access, type A is more conservative than type B. Besides, only performing cat 2 LBT could be regarded as a violation to ETSI regulation for 60 GHz. Therefore, we support only type A multi-channel channel access.

Proposal 4: Support only type A multi-channel channel access scheme.

2.4 Receiver-assisted LBT
	In RAN 1 #106-e meeting, several schemes for receiver-assisted LBT was discussed, and the relevant agreement is listed as follows
	
Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 


[bookmark: _Hlk80964650]
	· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
· Note: The schemes listed above are not mutually exclusive and should be discussed separately.



In our view, since the remaining time for discussing LBT procedures is quite limited. A feasible way is to reuse existing physical channels/signals as much as possible to finish a baseline scheme first. Hence, scheme 2 can be considered since most procedure of receiver-assisted LBT can be accomplished by the current mechanism. Hence, scheme 2 can be considered to support receiver-assisted LBT. In particular, in scheme 2, although both scheme 2-1 and 2-2 can be used to support receiver-assisted LBT, scheme 2-2 is more suitable in our viewpoint. Specifically, UE will know the exact slot and symbol to report assistance information based on the time domain resource allocation field in the DCI when using UL assignment DCI. If a BS does not receive the report of assistance information, it can be considered as a LBT fail results. Here LBT fail means the energy measurement result at UE side indicates that channel is busy because it’s occupied by other devices. If a BS receives the report of assistance information from a UE to indicate that channel is idle, BS can then transmit DL assignment DCI for the PDSCH transmission. In comparison, the scheme to use DL assignment DCI, i.e., the scheme 2-1, has the advantage of saving signaling overhead. To be more precise, the scheme 2-1 can use only one PDCCH transmission to inform UE the information of the scheduled subsequent PDSCH and trigger the energy measurement at UE side. However, if scheme 2-1 is adopted, additional mechanism for UE to report the assistance information needs to be specified. Based on the above analysis, schemes 2-1 and 2-2 represent the tradeoff between signaling overhead and additional reporting mechanism for UE. If achieving minimum specification effort is of the higher priority, scheme 2-2 can be adopted.

Proposal 5: For receiver-assisted LBT, scheme 2 can be supported. If down selection between schemes 2-1 and 2-2 is needed, support scheme 2-2.

3. Conclusion
In this contribution we have discussed various aspects for channel access above 52.6 GHz and provided following proposals:

Proposal 1: RAN 1 should discuss the relation between sensing result and permissible transmission of each LBT bandwidth for DL and UL transmissions before finalizing the LBT bandwidth for 60 GHz. 

Proposal 2: If UL in 60 GHz can only begin the transmission when all LBT bandwidth has “idle” sensing results as in sub-6 NR-U, CA. 2 can be supported.

Proposal 3: For sensing structure within a 8 us deferral period, support Alt 2.

Proposal 4: Support only type A multi-channel channel access scheme.

Proposal 5: For receiver-assisted LBT, scheme 2 can be supported. If down selection between schemes 2-1 and 2-2 is needed, support scheme 2-2.
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CCA Check definition:
a) A CCA check is initiated at the end of an operating channel occupied slot time.

b)  Upon observing that Operating Channel was not occupied for a minimum of 8 ps. transmission deferring
shall occur.

¢)  The transmission deferring shall last for a minimum of random (0 to Max number) number of empty
slots periods.




