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1. Introduction
The revised WID for operations extended to 71GHz was approved in RAN#91e [1]. The physical layer procedures such as channel access were agreed for further investigation:
· 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 will discuss the remaining issues of these channel access mechanisms.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]LBT procedure related issues
[bookmark: _Ref67499018][bookmark: PP12]EDT with respect to the LBT bandwidth
In RAN1#108 meeting, the LBT bandwidth for gNB and UE has been discussed and the following agreements in [3] have been achieved:
Agreement
For LBT for single carrier UL transmission, UE performs LBT over a BW that at least includes the active UL BWP bandwidth
· The BW that at least includes the active UL BWP bandwidth is captured as “channel” in 37.213

Agreement
For LBT for single carrier DL transmission to a UE, gNB performs LBT over a bandwidth that at least includes the active DL BWP bandwidth configured for that UE.
· This does not rule out gNB implementation to perform LBT over a wider bandwidth
· The BW that at least includes the active DL BWP bandwidth is captured as “channel” in 37.213
For LBT for single carrier DL transmission to multiple UEs, from each UE point of view, gNB performs LBT over a bandwidth that at least includes the active DL BWP bandwidth configured for that UE.
· This does not rule out gNB implementation to perform LBT over a wider bandwidth that includes the active DL BWP of multiple UEs
However, the EDT regarding the LBT bandwidth is not defined yet. In TS37.213, the ED threshold  is chosen to be less than or equal to the maximum energy detection threshold  , which is determined as follows:
 
The BW in the above equation is used to determine the maximum energy detection threshold. From our point of view, if UE performs LBT over a bandwidth larger than the active UL BWP, the ED threshold used should not be higher than the ED threshold associated with the active UL BWP bandwidth. Therefore, the BW in the equation calculating the maximum energy detection threshold should be the active UL BWP for UE in MHz even if the LBT bandwidth is larger than the active UL BWP. Using the actual LBT bandwidth to determine the EDT will lead to very high EDT when UE intentionally using a larger LBT bandwidth than the active UL BWP. Even if maximum bandwidth is defined, UE can still use the maximum bandwidth to obtain a higher EDT than what it really needs. So it is not proper for UE to use the actual LBT bandwidth to determine the EDT.

Since gNB can schedule DL transmissions to multiple UEs, it may perform LBT over a bandwidth that at least includes the active DL BWP bandwidth configured for those UEs. The maximum energy detection threshold is then determined based on the actual LBT bandwidth, which covers the DL active BWPs of the scheduled UEs. 
[bookmark: _Ref95237450][bookmark: _Ref101431688]Proposal 1: For UE, for LBT for single carrier UL transmission or for LBT for each carrier of CA UL transmission, the ED threshold used should not be higher than the ED threshold associated with the active UL BWP bandwidth in the carrier.
[bookmark: _Ref95237457]Proposal 2: For gNB, EDT is determined by the actual LBT bandwidth which covers the DL active BWPs of the scheduled UEs.
Channel access type switching within COT
In RAN1#107bis, the channel access type switching when sharing a gNB-initiated COT has been discussed and some preliminary idea has been proposed as below:
Proposed 2.12.1a in [5]: 
For an UL transmission indicated or configured to use Type 1 channel access, if the UE later finds out, through DCI 2_0 detection, the transmission falls is in a gNB COT, the UE can change the channel access type to Type 2 channel access or Type 3 channel access
· 	RRC configuration is introduced to control either Type 2 channel access or Type 3 channel access will be used for this case
In our view, when a UE is indicated or configured with Type 1 channel access for UL transmission and later shares a gNB-initiated COT, e.g., after UE detects DCI 2_0, it is beneficial to switch the channel access type to a shorter one to increase the channel access possibility. Therefore, UE can change the channel access type to Type 2 channel access or Type 3 channel access depending on the regional regulation. Since this regional regulation information may not be commonly known for all the UEs, it should be informed additionally. The regional regulation related signalling should be a cell-specific signalling since all UEs in the region must follow the regulation. The regional regulation information can indicate whether it’s a specific region (e.g. Japan) or not, or indicate that the minimum required channel access type is Type 2 or Type 3. It can be carried in the SIB1, MIB or other cell-specific RRC signalling.
[bookmark: _Ref92274395]Proposal 3: UE can switch from Type 1 channel access to Type 2 or Type 3 channel access when sharing gNB-initiated COT. The regional regulation information should be carried in the cell-specific signaling.
Channel access type indication
In RAN1#107 meeting, it has been agreed that the channel access Type 1, Type 2 and Type 3 will all be indicated in the non-fallback DCI formats with the ChannelAccess-CPext field. However, regarding the fallback DCI formats, companies have different views. In RAN1#108 meeting, the following proposal is made:
Proposal 2.9-2 in [4]:
For fallback DCI formats 0_0 and 1_0 and RAR UL grant, for FR2-2 operation, the ChannelAccess-Cpext field in DCI indicates the channel access type only. A new table similar to Table 7.3.1.1.1-4 is introduced with entries “Type 1 channel access in 4.4.1 of 37.213”, “Type 2 channel access in 4.4.2 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”, and “reserved”.

Objecting companies argue that Type 2 channel access is optional and can be ignored to save the bit. However, we think the optional feature is based on the premise that it is at least supported in the spec. gNB or UE can then have options on all these supported features. Therefore, Type 2 channel access should be supported in the fallback DCI indication. The same table introduced indicating channel access types for non-fallback DCI can be used. 
[bookmark: _Ref92274400]Proposal 4: Type 2 channel access should be indicated in the fallback DCI formats.
In RAN1#108 meeting [3], it has already been agreed that 
Agreement
Before the UE reports it LBT capability, gNB is allowed to schedule UL transmission with Type 1 channel access
· If the UE does not support Type 1 channel access, the UE should not transmit
In case UE has not signaled that its capability, e.g., Type 2 channel access, gNB should not indicate this optional feature that UE may not support. Without Type 2 channel access, UE can still access the channel by Type 1 channel access if it supports the capability. Therefore, the following proposal in [4] is preferred.
Proposal 2.14-5  
Before a UE reports it LBT capability, the UE does not expect the gNB to schedule UL transmission with Type 2 channel access.
[bookmark: _Ref95237477]Proposal 5: Before UE reports its capability, the UE does not expect the gNB to schedule UL transmission with Type 2 channel access.
LBT mode indication
In RAN1#105 meeting [2], is has been agreed that the LBT mode and no-LBT can be indicated by gNB as below:
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
In RAN1#108 meeting, it is further agreed that [3] 
Agreement
For unlicensed operation (or shared spectrum channel access), if gNB indicates to the UE this gNB-UE connection is operating in LBT mode, the periodic CSI-RS should be validated by COT duration or dynamically granted PDSCH or aperiodic CSI-RS over the same set of symbols.

When the channel access modes for both gNB and UE are indicated. It should allow gNB and UE to use different channel access modes. Especially when the UE-specific RRC configurations indicate different channel access modes to different UEs, if a single channel access mode applies to both gNB and UE, gNB may use different channel access modes to transmit DL to different UEs at the same time, which is not feasible. Therefore, gNB should indicate separate channel access modes for UE and gNB. In this way, the channel access mode for gNB can be unique and the channel access modes for UEs can be different.
[bookmark: _Ref92274419]Proposal 6: gNB should indicate separate channel access modes for gNB and UE.
EDT for per-beam LBT
Regarding the EDT for per-beam LBT, since the LBTs for different transmission beams are performed independently by using different sensing beams covering different transmission beams, the EDT should be determined independently for each sensing beam. To align with the previous agreement, the Pout for the EDT of each sensing beam should be the maximum EIRP of the intended transmissions “covered” by the sensing beam, i.e., proposal 2.2-2 in [4] as below:
Proposal 2.2-2: 
For a COT with MU-MIMO (SDM) transmission or TDM transmission of beams with beam switching, when independent per-beam LBT is performed at the start of the COT, for Pout in EDT determination for a sensing beam, define Pout as the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during a COT
[bookmark: _Ref95322707]Proposal 7: For Pout in EDT determination for a sensing beam, define Pout as the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during a COT.
Beam-specific COT indication
As directional LBT can be applied in FR2-2, the directional sensing beam related COT information such as remaining COT should only be used by the UEs covered by the sensing beam. However, due to the sidelobes of the corresponding transmission beam(s), UEs outside the coverage of the sensing beam may also receive the non-unicast transmission such as DCI 2_0. Therefore, these UEs outside the coverage may also share the COT. To avoid such problem, it is beneficial to include the sensing beam related information when indicating the remaining COT. The sensing beam related information can be the information of the sensing beam, or information of the transmission beam of the UE, or information of the transmission beam of gNB, etc. When UE receives such information, it can determine if it is within the coverage of the sensing beam, and whether to share the remaining COT or not. 
[bookmark: _Ref92274422]Proposal 8: The remaining COT should be indicated together with the sensing beam related information.
Short control signaling
In RAN1#105-e [2], the short control signalling was further discussed and the UL signals that can be considered as short control signalling are as below:
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
From our point of view, the regulation regarding short control signalling is for the actually transmitted signals, not the configured resources. Only when the signal is transmitted, it is considered as a short control signalling and the signal duration is counted in. If the signal is not transmitted, no transmission duration should be counted in the total short control signalling transmission time. Therefore, Alt 2 is supported for msg 1 and Msg A transmission when they are considered as short control signalling.
[bookmark: _Ref78990489]Proposal 9: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.

In RAN1#107bis and RAN1#108 meeting, it has been discussed that if RRC configuration is needed to indicate that if msg1 and MsgA transmission based on short control signalling is allowed. In our view, this message is needed before RRC connection to inform the UE on the regional regulation information. E.g., in Japan, short control signalling is not allowed, therefore, msg1 and MsgA is not allowed to be transmitted as short control signalling without LBT. Therefore, the RRC configuration should be in SIB1. The modified proposal 2.7-2b in [5] is supported.
Proposal 2.7-2b [5]
gNB provides RRC configuration in SIB1 to indicate if msg1 or msgA transmission with Contention Exempt Short Control Signaling based transmission is allowed.
After UE obtaining the regional regulation information, it is up to UE to transmit the UL signals based on short control signalling or with LBT. When the UL signals based on short control signalling reaches the 10% limits over 100ms, UE will switch to the normal channel access mechanism. Otherwise, UE can transmit msg1 and MsgA without LBT as short control signaling. 
[bookmark: _Ref92274434][bookmark: _Ref95237499]Proposal 10: gNB provides RRC configuration in SIB1 to indicate if msg1 or msgA transmission with Contention Exempt Short Control Signaling based transmission is allowed.
[bookmark: _Ref95237504][bookmark: _GoBack]Proposal 11: It is up to UE implementation to transmit msg1 or msgA based on short control signalling or with LBT.
3. Conclusion
In this contribution, we focus on the channel access mechanisms for NR operation from 52.6GHz to 71GHz, and have the following proposals:
Proposal 1: For UE, for LBT for single carrier UL transmission or for LBT for each carrier of CA UL transmission, the ED threshold used should not be higher than the ED threshold associated with the active UL BWP bandwidth in the carrier.
Proposal 2: For gNB, EDT is determined by the actual LBT bandwidth which covers the DL active BWPs of the scheduled UEs.
Proposal 3: UE can switch from Type 1 channel access to Type 2 or Type 3 channel access when sharing gNB-initiated COT. The regional regulation information should be carried in the cell-specific signaling.
Proposal 4: Type 2 channel access should be indicated in the fallback DCI formats.
Proposal 5: Before UE reports its capability, the UE does not expect the gNB to schedule UL transmission with Type 2 channel access.
Proposal 6: gNB should indicate separate channel access modes for gNB and UE.
Proposal 7: For Pout in EDT determination for a sensing beam, define Pout as the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during a COT.
Proposal 8: The remaining COT should be indicated together with the sensing beam related information.
Proposal 9: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.
Proposal 10: gNB provides RRC configuration in SIB1 to indicate if msg1 or msgA transmission with Contention Exempt Short Control Signaling based transmission is allowed.
Proposal 11: It is up to UE implementation to transmit msg1 or msgA based on short control signalling or with LBT.
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