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1 Introduction
In RAN#82, a WID on NR-U is approved. Based on the WID, the following scenarios needs to be supported. 
	This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.



Based on TR 38.889, the principle on the selection of channel access priority classes are agreed as following.
		
	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:



In RAN1#96, the following agreement were made.
	Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
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

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



In this contribution, we discuss the issues associated with the channel access priority class (CAPC) with a review on the CAPC for different PHY channels in LTE and also discuss the CAPC for the new PHY channels in NR-U. 
2 Discussion
In R13/R14 LTE LAA, four channel access priority classes are defined [1] which can be used for PDSCH/PUSCH transmission in LAA carrier.
	Priority class
	Maximum COT (ms)
	CWS

	1
	2
	{3,7}

	2
	3
	{7,15}

	3
	8 or 10
	{15,31,63}

	4
	8 or 10
	{15,31,63,127,255,511,1023}


Figure 1: channel access priority class in R13 LAA
Each channel access priority class is associated with a set of LBT parameters. To achieve a trade-off between the QoS requirement and fairness among different RATs, one principle is that channel access priority class is selected based on the traffic belonging to the different standardized QCIs. 
In NR-U, additional new scenarios, e.g. DC and standalone NR-U, needs to be supported compared with LTE LAA. In the following, we first discuss the CAPC defined in LAA/eLAA/feLAA of UL and DL physical channels and see if they can be reused for NR-U. Then, we discuss some new physical channels where CAPC needs to be defined based on the newly supported scenarios in NR-U
2.1 CAPC in LTE
2.1.1 CAPC for PUSCH
In R-14 eLAA, mechanisms on CAPC selection for PUSCH transmission is defined:
· For PUSCH transmission with dynamic grant, the CAPC is signalled by uplink grant based on latest BSR reported from UE side.
· For configured grant, CAPC was handled in two cases:
· For type 1 uplink channel access on AUL, association between CAPC and logical channel is configured by network and the UE selects the lowest CAPC 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.
· For type 2 uplink channel access on AUL, the UE may select logical channels corresponding to any Channel Access Priority Class for UL transmission in the subframes signalled by E-UTRAN in common downlink control signalling.
During SI stage, RAN1 agreed “Channel access priority class is selected according to the data for PUSCH including UL-SCH with user plane data”. And RAN2 agreed “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.”
For PUSCH transmission with dynamic grant in NR-U, we believe it may impact on RAN1 DCI format design similar as LTE LAA, i.e. whether the CAPC is signalled by uplink grant based on latest BSR. Therefore RAN2 assumes RAN1 will determine how to select the channel access priority class for this case.
Proposal 1: For PUSCH transmission with dynamic grant, RAN2 assumes RAN1 will determine how to select the channel access priority class
For PUSCH transmission with configured grant, a MAC PDU will be generated for new transmission during LCP procedure. Since the UE is not aware of what data is arrived and when the data is available for transmission, the data included in MAC PDU cannot be determined until LCP is performing. To ensure the QoS requirement of traffic, similar mechanism can be adopted for NR-U as LTE feLAA on SRB/DRB/MAC CE with some updates with SRB based on the previous agreement made during SI stage.
· association between channel access priority class and logical channel for DRB is configured by network;
· logical channel for SRB uses  highest channel priority class, i.e. lowest number of channel access priority class;
· The MAC CEs except padding BSR use the highest Channel Access Priority Class, i.e. lowest number of channel access priority class;
· UE selects the lowest number of channel access priority class of the logical channel(s) (DRB or SRB) with MAC SDU or of MAC CE(s) multiplexed into the MAC PDU.
Proposal 2: For PUSCH transmission with configured grant, support the following approach: 
· [bookmark: OLE_LINK17]association between channel access priority class and logical channel for DRB is configured by network;
· logical channel for SRB uses  highest channel priority class, i.e. lowest number of channel access priority class;
· The MAC CEs except padding BSR use the highest Channel Access Priority Class, i.e. lowest number of channel access priority class;
· UE selects the lowest number of channel access priority class of the logical channel(s) (DRB or SRB) with MAC SDU or of MAC CE(s) multiplexed into the MAC PDU. FFS UCI piggyback
In LTE LAA, the UCI (e.g. HARQ feedback) cannot be allowed to piggyback into MAC PDU transmitted via LAA SCell while it may be allowed in NR-U. As for how to determine the channel access priority class when UCI (e.g. HARQ feedback)is piggyback into the MAC PDU for NR-U, it should be decided by RAN1 first.
2.1.2 CAPC for PDSCH/PDCCH
In LTE R-13 LAA, a mapping table between channel priority classes and QCI is defined for downlink transmission as following [1]. For a non-standardized QCI (i.e. Operator specific QCI) should use suitable Channel Access Priority Class based on the below table, i.e. the Channel Access Priority Class used for a non-standardized QCI should be the Channel Access Priority Class of the standardized QCIs which best matches the traffic class of the non-standardized QCI.
Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI
	
Channel Access Priority Class ()
	QCI

	1
	1, 3, 5, 65, 66, 69, 70

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-



For PDCCH, when PDCCH carries a scheduling DCI, it can follow the CAPC of PDSCH/PUSCH. While if it does not carry scheduling DCI, it is up to the implementation of the network to select a CAPC. 
While for PDSCH, the network selects the channel access priority class based on the mapping table trying to satisfy the QoS requirement of service, i.e. by taking into account the lowest priority QCI value. Similar mechanism can be applicable to NR-U. However in NR, QoS handling based on the granularity of QoS flow is supported, and QCI is not used and changed to 5QI. Therefore we believe that at least for PDSCH, a mapping between channel priority classes and 5QI are needed to be defined for NR-U as LTE LAA. 
Proposal 3: At least for PDSCH, the mapping between channel priority classes and 5QI are supported for NR-U. 
The next issue is how to map between the channel access priority classes and 5QI. In TS 23.501 [3], a mapping table is define between Standardized 5QI and QoS characteristics (also seen in annex). Some of 5QIs are same with LTE QFI while some are new, e.g. 79, 80, 82, 83, 84, 85.
Since the LBT mostly impacts the transmission delay, the selection of channel access priority classes should take into account packet delay budget the same as in LTE LAA. The delay sensitive service should use higher priority class, i.e. lower number of channel access priority class. One example is showed as following.
Table 1: mapping between 5QI and channel access priority classes for NR-U
	
Channel Access Priority Class ()
	5QI

	1
	1, 3, 5,  65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85(NR new)

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-



Proposal 4: the following mapping between Standardized 5QI and channel access priority classes is used for NR-U.
	
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
	-



For a non-standardized QFI in NR-U (i.e. Operator specific QFI) it should use suitable Channel Access Priority Class based on the above table, i.e. the Channel Access Priority Class used for a non-standardized QFI should be the Channel Access Priority Class of the standardized QFIs which best matches the traffic class of the non-standardized QFI as LTE LAA.
Proposal 5: For a non-standardized QCI in NR-U (i.e. Operator specific QFI) it should use suitable Channel Access Priority Class based on the above table, i.e. the Channel Access Priority Class used for a non-standardized QFI should be the Channel Access Priority Class of the standardized QFIs which best matches the traffic class of the non-standardized QFI as LTE LAA.
2.2 New CAPCs in NR
In NR-U, standalone NR-U operation will be supported. In this case, additional uplink physical channels including PUCCH and PRACH will be supported. The next question is how to define the channel access priority class considering different characteristics of the channels. In the following, we are going to discuss the CAPC for different channels separately.
2.2.1 CAPC for PUCCH
[bookmark: OLE_LINK12][bookmark: OLE_LINK14]In Rel-15 NR, multiple SR configurations are introduced considering different services requirement. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP. Since the channel access priority class may impact how much the time the UE obtains the channel to be used, some companies suggest to support the differentiated channel access priority class for different SR transmissions. However based on TR 38.889, RAN1 agreed “PUCCH only can use the lowest channel access priority class value for cat4 LBT”. As for supporting of Cat2 LBT, we can wait for RAN1 progress.
Proposal 6: RAN2 confirms that the lowest channel access priority class value is used for PUCCH only transmission.
2.2.2 CAPC for PRACH
RAN2 agreed all trigger events defined in 38.300 [2] can be applicable to PRACH for NR-U. Furthermore differentiated 4-steps CBRA is supported in Rel-15 via configuring with some high priority parameters, e.g. powerRampingStepHighPriority and scalingFactorBI. The next issue needs to be considered on whether the differentiated channel access priority class for PRACH is supported or not among all trigger events and traffic types. However, based on TR 38.889, RAN1 agreed “RACH only uses the lowest channel access priority class value for cat4 LBT”. As for supporting of Cat2 LBT, we can wait for RAN1 progress.
Proposal 7: RAN2 confirms that the lowest channel access priority class value is used for PRACH only. 
3 Conclusion
Based on the discussions above, we have the following observations and proposals:
Proposal 1: For PUSCH transmission with dynamic grant, RAN2 assumes RAN1 will determine how to select the channel access priority class.
Proposal 2: For PUSCH transmission with configured grant, support the following approach: 
· association between channel access priority class and logical channel for DRB is configured by network;
· logical channel for SRB uses  highest channel priority class, i.e. lowest number of channel access priority class;
· The MAC CEs except padding BSR use the highest Channel Access Priority Class, i.e. lowest number of channel access priority class;
· UE selects the lowest number of channel access priority class of the logical channel(s) (DRB or SRB) with MAC SDU or of MAC CE(s) multiplexed into the MAC PDU. FFS UCI piggyback
Proposal 3: At least for PDSCH, the mapping between channel priority classes and 5QI are supported for NR-U. 
Proposal 4: the following mapping between Standardized 5QI and channel access priority classes is used for NR-U.
	
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
	-


Proposal 5: For a non-standardized QCI in NR-U (i.e. Operator specific QFI) it should use suitable Channel Access Priority Class based on the above table, i.e. the Channel Access Priority Class used for a non-standardized QFI should be the Channel Access Priority Class of the standardized QFIs which best matches the traffic class of the non-standardized QFI as LTE LAA.
Proposal 6: RAN2 confirms that the lowest channel access priority class value is used for PUCCH only transmission.
Proposal 7: RAN2 confirms that the lowest channel access priority class value is used for PRACH only. 
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5 Annex

	[bookmark: _Toc532891685]5.7.4	Standardized 5QI to QoS characteristics mapping
The one-to-one mapping of standardized 5QI values to 5G QoS characteristics is specified in table 5.7.4-1.
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	1

	
GBR
	20
	100 ms
(NOTE 11,
NOTE 13)
	10-2
	N/A
	2000 ms
	Conversational Voice

	2

	(NOTE 1)
	40
	150 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)

	3
(NOTE 14)
	
	30
	50 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Real Time Gaming, V2X messages
Electricity distribution – medium voltage, Process automation - monitoring

	4

	
	50
	300 ms
(NOTE 11,
NOTE 13)
	10-6
	N/A
	2000 ms
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 9,
NOTE 12)
	
	7
	75 ms
(NOTE 7, NOTE 8)
	
10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 12)

	
	
20
	100 ms
(NOTE 10,
NOTE 13)
	
10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	67
(NOTE 12)

	
	15
	100 ms
(NOTE 10,
NOTE 13)
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	75
(NOTE 14)
	
	
	
	
	
	
	

	5
	Non-GBR
	10
	100 ms
NOTE 10,
NOTE 13)
	10-6
	N/A
	N/A
	IMS Signalling

	6
	(NOTE 1)
	
60
	
300 ms
(NOTE 10,
NOTE 13)
	
10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
(NOTE 10,
NOTE 13)
	
10-3
	N/A
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	


300 ms
(NOTE 13)
	


10-6
	


N/A
	


N/A
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive

	9
	
	90
	
	
	
	
	video, etc.)

	69
(NOTE 9, NOTE 12)
	
	5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 12)

	
	55
	200 ms
(NOTE 7,
NOTE 10)
	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)

	79
	
	65
	50 ms
(NOTE 10,
NOTE 13)
	10-2
	N/A
	N/A
	V2X messages

	80
	
	68
	10 ms
(NOTE 5,
NOTE 10)
	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	82
	Delay Critical GBR
	19
	10 ms
(NOTE 4)
	10-4
	255 bytes
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1354 bytes
(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	84
	
	24
	30 ms
(NOTE 6)
	10-5
	1354 bytes
(NOTE 3)
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms
(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2])

	NOTE 1:	A packet which is delayed more than PDB is not counted as lost, thus not included in the PER.
NOTE 2:	It is required that default MDBV is supported by a PLMN supporting the related 5QIs.
NOTE 3:	This MDBV value is set to 1354 bytes to avoid IP fragmentation for the IPv6 based, IPSec protected GTP tunnel to the 5G-AN node (the value is calculated as in Annex C of TS 23.060 [56] and further reduced by 4 bytes to allow for the usage of a GTP-U extension header).
NOTE 4:	A delay of 1 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.
NOTE 5:	A delay of 2 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.
NOTE 6:	A delay of 5 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.
NOTE 7:	For Mission Critical services, it may be assumed that the UPF terminating N6 is located "close" to the 5G_AN (roughly 10 ms) and is not normally used in a long distance, home routed roaming situation. Hence delay of 10 ms for the delay between a UPF terminating N6 and a 5G_AN should be subtracted from this PDB to derive the packet delay budget that applies to the radio interface.
NOTE 8:	In both RRC Idle and RRC Connected mode, the PDB requirement for these 5QIs can be relaxed (but not to a value greater than 320 ms) for the first packet(s) in a downlink data or signalling burst in order to permit reasonable battery saving (DRX) techniques.
NOTE 9:	It is expected that 5QI-65 and 5QI-69 are used together to provide Mission Critical Push to Talk service (e.g., 5QI-5 is not used for signalling). It is expected that the amount of traffic per UE will be similar or less compared to the IMS signalling.
NOTE 10:	In both RRC Idle and RRC Connected mode, the PDB requirement for these 5QIs can be relaxed for the first packet(s) in a downlink data or signalling burst in order to permit battery saving (DRX) techniques.
NOTE 11:	In RRC Idle mode, the PDB requirement for these 5QIs can be relaxed for the first packet(s) in a downlink data or signalling burst in order to permit battery saving (DRX) techniques.
NOTE 12:	This 5QI value can only be assigned upon request from the network side. The UE and any application running on the UE is not allowed to request this 5QI value.
NOTE 13:	A delay of 20 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.
NOTE 14:	This 5QI is not supported as it is only used for transmission of V2X messages over MBMS bearers as defined in TS 23.285 [72].



NOTE 1:	For Standardized 5QI to QoS characteristics mapping, the table will be extended/updated to support service requirements for 5G, e.g. ultralow latency service.
NOTE 2:	It is preferred that a value less than 64 is allocated for any new standardised 5QI of non-GBR Resource Type. This is to allow for option 1 to be used as described in clause 5.7.1.3 (as the QFI is limited to less than 64).
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