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Introduction
[bookmark: _Hlk528065575]For operations in unlicensed spectrum, LBT- may be applied. In LTE LAA, when performing LBT the transmitter applies one of several Channel Access Priority Classes. LBT is (at least in some cases) to be applied in NR-U as well and hence the selection of Channel Access Priority Class would apply also for NR-U. 
This topic was already discussed in the NR-U SI phase but no conclusion was reached. In our understanding, although RAN2 needs some inputs from RAN1, RAN2 can assume that LTE LAA can be taken as a baseline at least from user plane perspective. 
Considering the latest RAN1 progress concerning channel access in RAN1#96, In this paper we further discuss this topic..
[bookmark: _Ref528690935]Channel access priority in LTE LAA
[bookmark: _Hlk528094442]Channel Access Priority Class (CAPC) has been introduced in LTE LAA to differentiate the likelihood to acquire access to an unlicensed channel for different type of traffics. Obviously in LAA, such CAPCs only apply to user plane since RRC/PUCCH/RACH cannot be delivered over an unlicensed spectrum. Therefore, RAN2 can assume that at least when it comes to user plane, LAA principles can be reused for NR-U as well.
[bookmark: _Toc1038811][bookmark: _Toc4682552]Channel Access Priority Classes are used to differentiate the likelihood to acquire access to an unlicensed channel for different type of traffic 
[bookmark: OLE_LINK24]As specified in [1], the channel access schemes for NR-based access for unlicensed spectrum can be classified into the following categories:
-	Category 1: Immediate transmission after a short switching gap 
-	Category 2: LBT without random back-off
-	Category 3: LBT with random back-off with a contention window of fixed size
-	Category 4: LBT with random back-off with a contention window of variable size
For QoS differentiation, a channel access priority based on the service type has been defined. For example, there are four LBT priority classes are defined for differentiation of contention window sizes (CWS) and MCOT between services.
As specified in the 3GPP TS 36.300, a correspondence between CAPC and service QoS class identifier (QCI) is in the Table 5.7.1-1, which is a baseline for the UE and gNB to select CAPC for uplink transmissions. In addition, the eNB signal which LBT type (i.e. Type 1 or Type 2 uplink channel access, where Type 1 corresponds to Category 4 for uplink, while Type 2 corresponds to Category 2 for uplink) the UE shall apply via uplink grant for PUSCH transmission on LAA SCells, except for Autonomous Uplink (AUL) transmissions. The eNB can use the BSR and from it decide what CAPC to use. Therefore, it is natural to reuse the same rules for dynamic scheduling for NR-U.
[bookmark: _Toc4682561]As in LTE LAA, gNB shall not give more grants to the UE than minimum necessary to schedule data of the selected CAPC used for LBT, or higher priority CAPCs. 
[bookmark: _Toc4682562]As in LTE LAA, for type 1 LBT gNB shall give a grant size and number of slots, based on the latest BSR and received UL traffic, for sending data with CAPC P (or lower P) and P is signalled to the UE and used for doing LBT.
[bookmark: _Toc4682563]As in LTE LAA, for type 2 LBT gNB shall give grant size and number of slots based on the downlink traffic and latest BSR and received UL traffic.
[bookmark: _Toc528066025]CAPC for scheduled transmissions in NR-U
In addition, NR-U supports standalone and DC deployment scenarios where PRACH and PUCCH need to be fully supported in an NR-U cell, which is not the case in LTE LAA. In LTE LAA, neither RA or PUCCH is supported in an SCell.
Regarding RRC signalling, RAN2 assumed at last RAN2 meeting that the highest access priority is assigned.
	From TR 38.889
In addition, access priority for control signaling (transmissions over SRBs) over unlicensed carriers should be introduced for stand-alone and DC NR-U. In this case, it is assumed that control signaling will have the highest access priority.



However, there are other signalling such as paging and SIB which have not been discussed yet. In our understanding also for this signalling, similar treatment as SRB is needed.
[bookmark: _Toc1050033][bookmark: _Toc1075676][bookmark: _Toc1075683][bookmark: _Toc4000017][bookmark: _Toc4673430][bookmark: _Toc4682567]For control signalling including transmission over SRB, SIB and paging over unlicensed carrier the highest channel access priority class is applied.
However, that are also types of transmission that might need special treatment when it comes to channel access priority. For example, in NR-U the UE will also be able to perform Random Access meaning the UE will perform MSG1 transmissions (preamble, or preamble + data if 2-step random access is used) and transmissions of MSG3 and MSG5. It needs to be defined which CAPC the UE applies for these transmissions.
[bookmark: _Toc1038812][bookmark: _Toc4682553]In an NR-U primary cell, RA and PUCCH transmissions are supported as in an NR licensed cell
 
As captured in [1], For initiation of a COT by the UE, the channel access schemes in Table 7.2.1.3.1-4 are used.
Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access
Based on above captured texts in [1], SRS without PUSCH applies Category 4 LBT with lowest channel access priority class value which is the same as in LTE LAA. 
[bookmark: _Toc1038814][bookmark: _Toc4682554]In NR-U, SRS without PUSCH applies Category 4 LBT with highest channel access priority class as in LTE LAA.
In addition, from the table, it is also noted that RA-only and PUCCH-only have been recommended to apply Category 4 LBT with lowest channel access priority class value, however the other UL control signalling such as UCI on PUSCH, CSI, PUCCH-SR, RA messages for different purposes may be further discussed. 
In RAN1#96, RAN1 has made agreements concerning channel access mechanisms for RA messages. The agreements are highlighted as below
Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

[bookmark: _Toc4682555]According to the latest agreements in RAN1, RA messages of a RA procedure applies Category 4 LBT with highest channel access priority class.

Given the fact that the total overhead for these UL control signalling is relatively low compared to the data, it is unnecessary to apply CAPC differentiation for them depending on signalling purposes or service QoS requirements. In other words, these UL control signalling shall be treated with the same CAPC, i.e., Category 4 LBT with lowest channel access priority class value.
[bookmark: _Toc535591358][bookmark: _Toc535591506][bookmark: _Toc535591557][bookmark: _Toc536818509][bookmark: _Toc977559][bookmark: _Toc1038820][bookmark: _Toc1043532][bookmark: _Toc1050035][bookmark: _Toc1075678][bookmark: _Toc1075685][bookmark: _Toc4000019][bookmark: _Toc4673431][bookmark: _Toc4682568][bookmark: _Toc4682569][bookmark: _Toc4682570]The UL control signalling (i.e., PUCCH, UCI only on PUSCH) applies Category 4 LBT with highest channel access priority class.
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
[bookmark: _Hlk528066018]In section 2 we made the following observations:

Observation 1	Channel Access Priority Classes are used to differentiate the likelihood to acquire access to an unlicensed channel for different type of traffic
Observation 2	In an NR-U primary cell, RA and PUCCH transmissions are supported as in an NR licensed cell
Observation 3	In NR-U, SRS without PUSCH applies Category 4 LBT with highest channel access priority class as in LTE LAA.
Observation 4	According to the latest agreements in RAN1, RA messages of a RA procedure applies Category 4 LBT with highest channel access priority class.

Based on the discussion in section 2 we propose the following:
Proposal 1	As in LTE LAA, gNB shall not give more grants to the UE than necessary to schedule data of the selected CAPC or lower CAPCs.
Proposal 2	As in LTE LAA, for type 1 LBT gNB shall give a grant size and number of slots, based on the latest BSR and received UL traffic, for sending data with CAPC P (or lower P) and P is signalled to the UE and used for doing LBT.
Proposal 3	As in LTE LAA, for type 2 LBT gNB shall give grant size and number of slots based on the downlink traffic and latest BSR and received UL traffic.
Proposal 4	For control signalling including transmission over SRB, SIB and paging over unlicensed carrier the highest channel access priority class is applied.
	The UL control signalling (i.e., PUCCH, UCI only on PUSCH) applies Category 4 LBT with highest channel access priority class.
Proposal 5
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