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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. 
At RAN2#105bis the following agreements were made: 
[bookmark: _Hlk6932399]A table for mapping between 5QI and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300, shall be specified
All MAC CEs, except padding BSR MAC CE, uses the highest priority CAPC, that is the lowest number CAPC, FFS for recommended rate for Voice MAC CE
It is FFS if for CG, when several MAC SDUs are multiplexed, CAPC is selected according to the configuration for the LCH with lowest priority CAPC (for DRB). 

Considering the latest RAN1 progress concerning channel access in RAN1#96, In this paper we further discuss this topic.
[bookmark: _Ref528690935]Channel access priority for configured grant
[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: _Toc7736648]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 defined for differentiation of contention window sizes (CWS) and MCOT between services.
In LTE LAA, Type1 and Type 2 LBT categories are used for uplink channel access, where Type 1 LBT corresponds to Category 4 LBT while Type 2 LBT corresponds to Category 2 LBT.
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) 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][bookmark: _Toc7130696][bookmark: _Toc7130808][bookmark: _Toc7593596][bookmark: _Toc7594277][bookmark: _Toc7684681][bookmark: _Toc7684731][bookmark: _Toc7736654]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][bookmark: _Toc7130697][bookmark: _Toc7130809][bookmark: _Toc7593597][bookmark: _Toc7594278][bookmark: _Toc7684682][bookmark: _Toc7684732][bookmark: _Toc7736655]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][bookmark: _Toc7130698][bookmark: _Toc7130810][bookmark: _Toc7593598][bookmark: _Toc7594279][bookmark: _Toc7684683][bookmark: _Toc7684733][bookmark: _Toc7736656]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.
As specified in the 3GPP TS 36.300, for type 1 uplink channel access on AUL, E-UTRAN signals the Channel Access Priority Class for each logical channel and UE shall select the lowest Channel Access Priority Class (i.e, with a higher number in the Table 5.7.1-1) of the logical channel(s) with MAC SDU multiplexed into the MAC PDU. The MAC CEs except padding BSR use the highest Channel Access Priority Class (i.e, the lowest number in the Table 5.7.1-1).
Accordingly, it is natural to apply the same rule of CAPC selection as in LTE LAA AUL for every MAC SDU, i.e., determine the CAPC for the MAC PDU by selecting the lowest CAPC of logical channels associated with this MAC SDU. Among MAC SDUs belonging to the same MAC PDU, the UE shall further determine the CAPC for the MAC PDU, by selecting the lowest CAPC of MAC SDUs and MAC CEs which are multiplexed into the MAC PDU.
[bookmark: _Toc7130699][bookmark: _Toc7130811][bookmark: _Toc7593599][bookmark: _Toc7594280][bookmark: _Toc7684684][bookmark: _Toc7684734][bookmark: _Toc7736657]For type 1 LBT operation with a configured grant, the UE shall determine the CAPC for a MAC PDU via steps
a. [bookmark: _Toc7130700][bookmark: _Toc7130812][bookmark: _Toc7593600][bookmark: _Toc7594281][bookmark: _Toc7684685][bookmark: _Toc7684735][bookmark: _Toc7736658]Step 1: determines CAPC for every MAC SDU by selecting the lowest CAPC of logical channels multiplexed into the MAC SDU
b. [bookmark: _Toc7130701][bookmark: _Toc7130813][bookmark: _Toc7593601][bookmark: _Toc7594282][bookmark: _Toc7684686][bookmark: _Toc7684736][bookmark: _Toc7736659]Step 2: determines CAPC for the MAC PDU by selecting the lowest CAPC among all MAC SDUs and MAC CEs multiplexed into the MAC PDU.
It is also observed that in LTE LAA AUL, the MAC CEs except padding BSR use the highest Channel Access Priority Class. The logic behind this rule was that, MAC CEs except padding BSR have higher LCH priorities than data from any Logical Channel, except data from UL-CCCH, according to the relative priority order between LCHs and MAC CEs in the MAC spec. The above rule was agreed for LTE LAA in 3GPP Rel-13. In the later releases up to Rel-15, an additional MAC CE for Recommended bit rate query for VoIP has been added in the MAC spec, which makes it to be necessary to update the rule. Since the MAC CE for Recommended bit rate query has lower priority than data from any LCH according to the MAC spec, it is reasonable to extend the rule that MAC CEs excluding the MAC CE for Recommended bit rate query and the padding BSR use the highest Channel Access Priority Class. Therefore, we make the below proposal accordingly.
[bookmark: _Toc7130703][bookmark: _Toc7130815][bookmark: _Toc7593602][bookmark: _Toc7594283][bookmark: _Toc7684687][bookmark: _Toc7684737][bookmark: _Toc7736660]For type 1 LBT of a configured grant, the MAC CEs except padding BSR and the MAC CE for Recommended bit rate query use highest Channel Access Priority Class.
Regarding the remaining issue,
A table for mapping between 5QI and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300, shall be specified
We need to study if there are new values of 5QI to be added into the table. One example of the new mapping table has been proposed in [2], and highlighted as below
Table 1: An example of the mapping between 5QI and channel access priority classes for NR-U [2]

	
[bookmark: _Hlk6932307]Channel Access Priority Class ()
	5QI

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-



The new values are related to the services with more critical latency requirements in the range between 5ms and 50ms. We share the same views with [2]. It is reasonable to extend the table by inclusion of these new values. 
[bookmark: _Toc7594284][bookmark: _Toc7684688][bookmark: _Toc7684738][bookmark: _Toc7736661]The mapping table between 5QI and CAPC is defined on top of the LTE table by incorporating new 5QI values including 79, 80, 82, 83, 84 and 85 mapped to CAPC p (p=1)
[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 signalling (transmissions over SRBs) over unlicensed carriers should be introduced for stand-alone and DC NR-U. In this case, it is assumed that control signalling 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: _Toc7684739][bookmark: _Toc7736662]For control signalling including transmission over SRB, SIB and paging over unlicensed carrier the highest channel access priority class is applied.
[bookmark: _Toc7684690][bookmark: _Toc7684691][bookmark: _Toc7684692][bookmark: _Toc7684693][bookmark: _Toc7684694][bookmark: _Toc7684695][bookmark: _Toc7684696][bookmark: _Toc7684697][bookmark: _Toc7684698][bookmark: _Toc7684699][bookmark: _Toc7684700][bookmark: _Toc7684701][bookmark: _Toc4682569][bookmark: _Toc4682570][bookmark: _Toc7684702]
[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

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 minimum necessary to schedule data of the selected CAPC used for LBT, or higher priority 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 type 1 LBT operation with a configured grant, the UE shall determine the CAPC for a MAC PDU via steps
a.	Step 1: determines CAPC for every MAC SDU by selecting the lowest CAPC of logical channels multiplexed into the MAC SDU
b.	Step 2: determines CAPC for the MAC PDU by selecting the lowest CAPC among all MAC SDUs and MAC CEs multiplexed into the MAC PDU.
Proposal 5	For type 1 LBT of a configured grant, the MAC CEs except padding BSR and the MAC CE for Recommended bit rate query use highest Channel Access Priority Class.
Proposal 6	The mapping table between 5QI and CAPC is defined on top of the LTE table by incorporating new 5QI values including 79, 80, 82, 83, 84 and 85 mapped to CAPC p (p=1)
Proposal 7	For control signalling including transmission over SRB, SIB and paging over unlicensed carrier the highest channel access priority class is applied.
[bookmark: _In-sequence_SDU_delivery] 	References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TR 38.889, v 16.0.0. 
R2-1904119, Consideration on channel access priority class, Huawei, RAN2#105bis, 8th – 12th April, 2019.
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