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1 Introduction

In RAN1 #105-e meeting, the following agreements were made [1]:

 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)

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

Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode

· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication

Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.

· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)

· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell

· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective

· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc

In this contribution, we present the discussion on the channel access mechanisms for NR operating on 52.6-71GHz.  
2 Discussion
2.1 LBT bandwidth
For LBT for single carrier transmission and multi-carrier transmission in intra-band CA, the following alternatives were discussed in previous meetings:

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

Among the existing alternatives, Alt SC.3 and Alt CA.5 are preferred and they are align with the principle of NR-U R16 deisgn. That is, a concept of LBT bandwidth is defined, which is 20MHz in NR-U, and UE/gNB can perform LBT on each single LBT and then decide whether to access the channel based on the LBT outcome of the LBT bandwidths which is to be transmitted. By defining LBT bandwidth, UE LBT behaviour can keep the same as R16 NR-U. And compared to the alternative of performing LBT on the whole carrier(s) containing the transmission, it has the benefit of higher resource access efficiency.

Proposal 1: Support Alt SC.3 for LBT for single carrier transmission, and Alt CA.5 for multi-carrier transmission in intra-band CA.
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. 
In order to support the directional LBT, the following proposals were discussed in previous meetings [2]:

3GPP specification defines the relative relationship between all applicable sensing beams and the transmission beam(s), at least sensing beam “covers” the transmission beam(s). Choose one of the following alternatives:
· Alt 1. To define “cover”, the angle included in the [3]dB beamwidth of the transmission beam(s) is included in the [3]dB beamwidth of the sensing beam
· Alt 2. Extending the beam correspondence framework and/or QCL/TCI framework to define “cover”
· Alt 3. Leave RAN4 to define cover
We prefer to support alternative 1 to define the relationship between sensing beam(s) and the transmission beam(s).
Proposal 2: Both Omni-directional LBT and directional LBT should be supported.
Proposal 3: Alt 1 is supported to define the relationship between sensing beam(s) and the transmission beam(s).
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 4: 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 to 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. Then based on the LBT outcome of the Tx and the interference level values previously received from Rx, the Tx can determine whether to occupy the channel or not.
Proposal 5: How to design a receiver assisted LBT with a simpler flow and little spec impact should be considered.
Proposal 6: For receiver to provide assistance, the Rx side can report its detected interference level periodically to Tx. And Tx can determine whether to occupy the channel based on the interference level values previously received from Rx side.
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.

Within a COT with TDM of beams with beam switching, three alternatives were proposed about how to do LBT in RAN1 previous meetings. Alt 1 is single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold. The key point for Alt 1 is how to define “cover”, so that a suitable wide beam can be find to do a single LBT sensing. From our understanding, gNB can configure one or multiple TCI mapping sets, within each set, one wide beam and multiple narrow beams are configured. If the multiple narrow TDM of beams within a COT are all contained in one TCI mapping set, the wide beam in TCI mapping set can be used a the sensing beam. By this method, RRC configuration overhead will be increased since there need to be quite a lot of TCI mapping sets to include all the narrow/wide beam combinations.
Alt 2 is independent per-beam LBT sensing at the start of COT is performed for beams used in the COT. Compared to Alt 1, LBT needs to be done on multiple beams but the massive pre-configuration overhead of wide sensing beam/narrow can be saved. Alt 3 is similar to Alt 2 except with additional Cat 2 LBT before beam switching, which is not needed since the transmitter has already occupy the channel successfully by per-beam LBT sensing at the start of the COT.
Proposal 8: Support independent per-beam LBT sensing at the start of COT for a COT with TDM of beams with beam switching.
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: Support Alt SC.3 for LBT for single carrier transmission, and Alt CA.5 for multi-carrier transmission in intra-band CA.
Proposal 2: Both Omni-directional LBT and directional LBT should be supported.
Proposal 3: Alt 1 is supported to define the relationship between sensing beam(s) and the transmission beam(s).
Proposal 4: Conditions about whether to enable/disable receiver assisted LBT can be studied. 
Proposal 5: How to design a receiver assisted LBT with a simpler flow and little spec impact should be considered.

Proposal 6: For receiver to provide assistance, the Rx side can report its detected interference level periodically to Tx. And Tx can determine whether to occupy the channel based on the interference level values previously received from Rx side.
Proposal 7: Multi-beam transmission should be studied to fully take advantage of spatial diversity.

Proposal 8: Support independent per-beam LBT sensing at the start of COT for a COT with TDM of beams with beam switching.
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