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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]. 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, and COT sharing aspects.


2. [bookmark: _Ref494794648]LBT mechanisms enhancements
2.1 LBT bandwidth
There is no specific conclusions for the discussion of LBT bandwidth in the previous RAN 1 #105-e meeting. The discussion was mainly about properties of potential options for LBT bandwidth captured in #104b-e RAN 1 meeting, which are listed as follows. 

	
Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC


	These options basically represents the tradeoff between measurement complexity and flexible channel utilization. Take Alt CA. 1 and CA. 2 in multi-carrier transmission as the 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 channel sensing for one time, 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 much higher measurement complexity, it has potential to achieve better system performance due to its flexible channel utilization.
	Another aspect that 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 for 60 GHz. 
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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. 

	In our view, both SC. 3 and CA. 5 are the options with highest flexibility but its advantage is not clear. Moreover, SC. 3 and CA. 5 can increase networks signaling overhead and specification effort. To be more precise, if a new unit of LBT bandwidth is going to be defined, several procedures needs to be discussed, e.g., a set of values that represents different LBT bandwidth, and the signaling used to indicate such flexible LBT bandwidth. It will be difficult to conclude all the aspects for SC. 3 and CA. 5 because we only have 3 meetings left. We prefer to support SC. 1 and CA. 1 as the baseline scheme since they are the options that has the balance between energy measurement complexity and flexibility. Besides, if RAN 1 decides that UL transmission has the same criterion as in sub-6 NR-U mentioned in the previous paragraph, CA. 2 can also be considered.

Proposal 2: Support SC. 1 and CA. 1 as the baseline LBT bandwidth. 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 considered.
    
2.2 Sensing structure aspects
	In RAN 1 #105-e  meeting, the sensing structure aspects for 60 GHz was agreed to down select two alternatives, which are listed as follows.
	
Agreement:
For energy measurement in 8us deferral period, continue down-selection between the following alternatives
· Alt 1. Two energy measurements are required, with one measurement in the first 3us and one measurement in the last 5us
· Alt 2. One measurement is required
· FFS where the measurement is located
Note: By implementation, it is possible to support longer than 8us deferral period (Intend to cover Alt 3 as implementation choice for either Alt 1 or Alt 2)



	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. 

[image: ]
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. 2. The defer duration contains an idle period () and 
[image: ]
 		                    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. 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 1 and Alt 2 for sensing structure within a 8 us deferral period implies tradeoff between measurement complexity and the probability of data collision. In particular, Alt 1 can reduce the probability that energy measurement is located in the Rx/Tx turnaround time of other RATs by implementing additional energy measurement. However, the proponents of Alt 1 fails to provide the evidence to prove that the probability an energy measurement is perfectly located within the Rx/Tx turnaround time is high enough to become an issue in 60 GHz. If such situation can be an issue, extending energy measurement duration to ensure it does not completely fall into turnaround time is another solution. Besides, both EN 302 567 and 802.11 ad did not specify additional energy measurement. Even in the sub-6 NR-U, where the interference issue should be much more serious than that in 60 GHz, only one-time energy measurement within a defer duration is required. Consequently, the benefit of Alt 1 is not clear to us, and only Alt 2 should be supported from our perspective.

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

2.3 COT sharing aspects
	In RAN 1 #105-e  meeting, there are two alternatives for the COT sharing aspect, which are summarized as follows.

	Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select or support both of the following two alternatives
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT



	In sub-6 NR-U, if the gap between a later transmission and an earlier transmission is less than 16 us, the later transmission can directly share the COT without implementing additional LBT operation. Such transmission is specified to be less than 574 us. Otherwise, at least a CAT 2 LBT needs to be performed. On the other hand, the behavior related to COT sharing in EN 302 567 is mentioned in the Fig. 5 as follows.   
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Fig. 5 COT sharing aspects in EN 302 567 

It can be seen from Fig. 5 that EN 320 567 does not require additional LBT operation when an equipment receiver a correct packet. Another factor that can be considered for COT sharing aspects is the introduction CAT 2 LBT. Currently, 3GPP have not decided whether CAT 2 should be introduced for 60 GHz or not. Besides, only CAT 4 LBT operation is regulated in EN 302 567. The benefit of CAT 2 LBT in 60 GHz is not provided since study item phase.
In our view, Alt 1 and Alt 3 represents the tradeoff between measurement complexity and the risk of data collision. Specifically, directly sharing the COT without any additional LBT operations might cause data collision and system performance degradation. However, any gap duration or any LBT operation duration should be counted in the COT duration, hence the key factor to support Alt 1 or Alt 2 for COT sharing aspects will be the probability of data collision. If the occurrence of interference and data collision is extremely rare, then additional LBT operations imply the waste of COT resource and the opportunities of data transmission is reduced. It can be understood that the interference problem is quite severe in sub-6 and therefore, additional LBT operation is required if the gap between a later transmission and an earlier transmission is larger than a certain threshold. In contrast, the interference problem occurrence probability in 60 GHz is never a problem. The motivation to take the risk of wasting COT resource to implement additional LBT operations is not clear to us. Consequently, we support Alt 2.

Proposal 4: For COT sharing aspect in 60 GHz, support Alt 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: Support SC. 1 and CA. 1 as the baseline LBT bandwidth. 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 considered.

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

Proposal 4: For COT sharing aspect in 60 GHz, support Alt 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.
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An equipment (1nifiating or not mitiating transmission). upon correct reception of a packet which was mtended
for this equipment, can skip the CCA Check. and immediately proceed with the transmission in response to
received frames. A consecutive sequence of transmissions by the equipment. without a new CCA Check, shall
not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.




