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1 Introduction

In RAN #90 e-meeting, the following agreements were made,

Agreement:
· 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 have some analysis on No-LBT, directional LBT, receiver assisted LBT and multi-beam transmission for NR operating on 52.6-71GHz.  
2 Discussion
2.1 No-LBT
No-LBT channel access mechanism is a highly efficient way of using unlicensed spectrum when the channel interference is low or under control, but should comply local spectrum regulatory. For a wondering UE entering a certain area, it has the necessity to know whether No-LBT is allowed in this are or not. UE can possibly get this information from system information broadcasted by gNB or from message from core network.   
Proposal 1: Whether No-LBT channel access mechanism is allowed can be broadcasted by gNB or be informed by message from core network.

Under the premise that No-LBT is allowed by regulatory, an issue is how the Tx decide whether to apply No-LBT or not. One alternative is by implementation, gNB can determine, for itself or UEs, whether to apply LBT or No-LBT, possibly based on interference measurement/CSI reporting, thus no impacts on spec will be expected. But this self-implementation may cause somehow un-controlled interference to environment. From our opinion, at least the energy/interference detection threshold for No-LBT should be defined in specification, Tx can only apply No-LBT if the threshold is satisfied thus Tx’s emitted interference is control in an acceptable level.
Proposal 2: At least the energy/interference detection threshold of when No-LBT is applicable should be defined in specification.

Since it is more reasonable to only apply No-LBT in relatively low interference environment, switching between LBT and No-LBT needs to be considered. As how to conduct the switching, three alternatives can be considered.
Alt 1, gNB self-determines the applied channel access mechanism for both itself and UEs. 
At gNB side, gNB should be able to determine its own channel access mechanism, whether it is LBT or No-LBT, based on interference measurement and energy/interference detection threshold defined in spec. At UE side, the channel access mechanism should be controlled by gNB, at least in most scenarios, by the network, just as what specified in NR-U R16, the LBT type and related parameter for UL transmission are indicated or configured by gNB, possibly based on CSI/interference reporting from UE. So whether No-LBT or LBT is adopted for UL transmission should be decided by gNB and inform this decision to UE. 

Alt 2, Both gNB and 
UE self-determines the applied channel access mechanism for itself. 

In which case, autonomous switching between LBT and No-LBT is done by each Tx based on interference measurement and energy/interference detection threshold defined in spec independently, and is especially suitable for semi-statically configured granted channels. For example, gNB may configure CG-PUSCH for a UE and indicate/configure No-LBT channel access mechanism based on previous interference detecting results. But later on, during the periodical process of CG-PUSCH transmission, UE may detect the interference increasing to a certain high level and continue to use No-LBT channel access will harmfully cause more interference to network. At such case, allowing UE to switch to channel access with LBT would be a suitable solution. The switching can be done by UE autonomously based on some interference measuring results, and reporting the switching to gNB may also be beneficial so that gNB can select appropriate channel access type/parameters for the UE in following scheduling.   
Alt 3, gNB self-determines the applied channel access mechanism for both itself, and determines for UEs based on request.
At gNB side, gNB can determine its own channel access mechanism, whether it is LBT or No-LBT, based on interference measurement and energy/interference detection threshold defined in spec. At UE side, UE determine whether to do switching between LBT and No-LBT after energy/interference detection, but still needs to send a message/indication to gNB to request/inform this switching. After getting a response from gNB, the switching will bring into effect. Alt 3 enable UE to decide its own channel access mechanism based on energy/interference detection but also offer gNB the control of network. 
Proposal 3: Switching between LBT and No-LBT channel access should be studied. The following three alternatives can be considered,
Alt 1, gNB self-determines the applied channel access mechanism for both itself and UEs.

Alt 2, Both gNB and UE self-determines the applied channel access mechanism for itself. 

Alt 3, gNB self-determines the applied channel access mechanism for itself, and determines for UEs based on request.
If No-LBT is applied, Tx can access channels whenever it has data to transmit, which would in some cases, when Tx have a lot of data in buffer, cause the Tx to occupy the channel continuous in a long time even  MCOT is applied for No-LBT. And this may impact other nodes occupy channels fairly especially when other nodes use LBT channel access mechanism. Possible solutions can be inserting gaps between two contiguous COTs or defining idle periods like in FBE mode to prevent such long time continuous channel occupying.
Proposal 4: How to prevent long time continuous channel occupying for Tx using No-LBT should be further studied.
2.2 Directional LBT

Omni-directional LBT allows the Tx to evaluate interference from all directions under the cell’s coverage, rather than a certain narrow direction, thus is more suitable for broadcasted channels and groupcasted channels with no certain direction requirement, such as SSB, PDCCH for common search space, PDSCH for cell/group common information(that is PDSCH scheduled with DCI scrambled by SI-RNTI/RA-RNTI/P-RNTI). While as to unicast channels, since it is for single UE, directional LBT is more suitable, which has the benefit of higher channel occupancy opportunity.  
Another scenario suitable to use directional LBT is in receiver assisted LBT channel access procedure. Receiver needs to check its receiving channel before formal data receiving from gNB, so the receiver side only needs to evaluate the interference on the direction from gNB to itself. 
Observation 1: Omni-directional LBT is more suitable for broadcasted channels and groupcasted channels, and directional LBT is more suitable for unicast channels and receiver assisted LBT.
2.3 Receiver assisted LBT

With receiver assisted LBT, when Tx wants to start transmission, besides the LBT outcome at Tx side, it has to consider the interference of RX side as well. So the whole process become more complex compared to pure Tx LBT mechanism. But receiver assisted LBT can be a good mechanism exploited in scenarios especially when the interference of the Rx side is very different from the Tx side. Considering its complexity, receiver assisted LBT can be complementary mechanism to pure Tx LBT. Some conditions can be studied about whether to enable/disable receiver assisted LBT, for example, ACK/NACK ratio and interference level at Rx side can be used by gNB to judge whether to enable/disable receiver assisted LBT.
Proposal 5: Conditions about whether to enable/disable receiver assisted LBT can be studied. 
In prior art, receiver assisted LBT, such CTS/RTS mechanism in wifi spec, is implemented within each process of data burst transmission/receiving. That is, every time a Tx wants to start transmission, it has to send out CTS, and then the receiver respond RTS, and only after that, the Tx can start data transmission officially. This whole transmission/receiving flow is somehow complex and resource consuming, and needs special spec design to implement in NR-U system. So how to design a receiver assisted LBT with a simpler flow and little spec impact should be considered. One way to reduce complexity and make it easier to realize in NR-U is decouple receiver assisted LBT process from each data burst transmission/receiving flow. For example, the Rx side can report its detected interference level periodically to Tx, and when Tx wants to start a transmission, it can refer to the interference level values previously received from Rx side, instead of triggering the Rx to do receiver side LBT instantaneously. 
Proposal 6: How to design a receiver assisted LBT with a simpler flow and little spec impact should be considered
2.4 Multi-beam transmission
In R15/16 spec, most transmission are configured or indicated for only one Tx beam, which is reasonable since in lower frequency range transmitter can only have few beams restricted by the size of antenna array, and different beams can be quite different in spatial coverage. While in higher frequency range, transmitter may have more beams with more fined spatial granularity and different beams can be similar in spatial coverage. So for transmissions, especially on semi-static configured channels, multiple beams can be used to take advantage of spatial diversity. On the other hand, if the transmission is on unlicensed band, multiple beams can also be used to increase the possibility of successful channel occupation.

Proposal 7: Multi-beam transmission should be studied to fully take advantage of spatial diversity.
3 Conclusions

In this contribution, we have some analysis on No-LBT, directional LBT, receiver assisted LBT and multi-beam transmission for NR operating on 52.6-71GHz.  
Proposal 1: Whether No-LBT channel access mechanism is allowed can be broadcasted by gNB or be informed by message from core network.

Proposal 2: At least the energy/interference detection threshold of when No-LBT is applicable should be defined in specification.
Proposal 3: Switching between LBT and No-LBT channel access should be studied. The following three alternatives can be considered,

Alt 1, gNB self-determines the applied channel access mechanism for both itself and UEs.

Alt 2, Both gNB and UE self-determines the applied channel access mechanism for itself. 

Alt 3, gNB self-determines the applied channel access mechanism for itself, and determines for UEs based on request.
Proposal 4: How to prevent long time continuous channel occupying for Tx using No-LBT should be further studied.
Observation 1: Omni-directional LBT is more suitable for broadcasted channels and groupcasted channels, and directional LBT is more suitable for unicast channels and receiver assisted LBT.
Proposal 5: Conditions about whether to enable/disable receiver assisted LBT can be studied. 
Proposal 6: How to design a receiver assisted LBT with a simpler flow and little spec impact should be considered.

Proposal 7: Multi-beam transmission should be studied to fully take advantage of spatial diversity.
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