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1. Introduction
NR-U WI has the following objective within RAN2 scope:
· Introduction of access priority for control signalling (transmissions over SRBs) over unlicensed carriers (highest access priority).

Access priority for uplink data transmission was discussed in RAN2#105bis within the context of Configured Grants and the following was agreed:

· 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). 

In this contribution, we discuss data transmission and Channel Access Priority Classes (CAPC) and suggest proposals.
2. Discussion
In LTE LAA, four levels of CAPC are used when performing DL and UL transmissions on LAA carriers. Each CAPC is intended to be used for a different QoS level (similar to Access Categories in WLAN). Since E-UTRAN supports its own QoS mechanisms through QCI, a mapping was defined in TS 36.300 between QCI and CAPC as follows:
Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI 
	Channel Access Priority Class (
[image: image1.wmf]p

)
	QCI

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

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-


The characteristics of QCI are specified in TS 23.203 and shown in the Annex here as a reference.

NR also has a similar QoS mechanism to E-UTRAN QCI with the main difference being that the QoS is at flow level. Their characteristics are specified in TS 23.501 and copied in the Annex for reference.
It can be noted that the 5QI values and characteristics are very similar to QCI. In particular, they are same for 1,2…,9, 65, 66, 69, 70. Therefore, for NR-U, the mapping between CAPC and QCI can be reused by only changing the title to “5QI”.

Observation 1: There is a one-to-one correspondence between NR 5QI and LTE QCI, at least for the values used in LAA for mapping to CAPC.
Proposal 1: The Table in 36.300 for the mapping between CAPC and QCI is used as a baseline for NR-U by replacing QCI with 5QI.

There are a few additional 5QI values for which discussion is needed, which are the following:
67:
Mission Critical Video
79:


V2X messages
80
:


Augmented Reality

82, 83:

Automation

84:


Intelligent Transport Systems

85:


Electricity Distribution

Since 67 is for mission critical services, it can be considered in the same category as 66, 69, and 70. The reliability and latency are also critical for V2X messages so same conclusion apply. The remaining 5QI values are all classified as low latency or delay critical and hence should have the highest priority.
Proposal 2: 5QI values 67, 79, 80, 82, 83, 84, 85 are mapped to CAPC = 1.

Proposal 3: Introduce Table 1 below in 38.300 for mapping between CAPC and 5QI.
Table 1 Mapping between Channel Access Priority Classes and 5QI 
	Channel Access Priority Class (
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)
	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
	-


Per the WI objectives, RAN2 task is to introduce the highest priority for signalling bearers. This should apply to all SRBs, namely SRB1, SRB2, and SRB3. Even though SRB2 has lower priority than SRB1, it is essential that all control data is delivered reliably and lowest latency to keep the NAS and RRC states in sync between the UE and the NW. This applies to both UL and DL where the gNB would select the CAPC appropriately for dynamic grants and also to UL configured grants where the UE does the same thing. 
Proposal 4: The logical channels for SRBs are mapped to the highest access priority (lowest CAPC number).

RAN2#105bis also discussed how to select the CAPC when multiple SDUs are multiplexed in a MAC PDU. Whether to use the lowest CAPC among the multiplexed logical channels was left as FFS.

In LTE LAA, CAPC selection for configured grant depends on which type of LBT is used as follows: 
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).

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.
Here Type 1 is the so-called Cat 4 LBT which uses a contention window while Type 2 is a single shot Cat 2 LBT which is used when the base station performs Cat 4 LBT and shares the transmission duration with the UE. The reasoning behind the above rules is that the UE should use the lowest CAPC for the data when it performs channel access and can use any when it was already been done by the base station.
The same rules above for LTE LAA should also apply to NR-U for configured grants. However, it would also be good to inform and verify due to the dependence on LBT type which is outside RAN2 scope.

Proposal 5: CAPC selection for transmission on configured grants follows the same rules as AUL in LTE LAA. For type 1 (Cat 4) transmission, UE selects the lowest priority among the multiplexed MAC SDUs. For Type 2 (Cat 2) transmission, UE can select any logical channel SDU. This should be confirmed with RAN1.
RAN2#105bis has also agreed that PDUs with MAC CEs have the highest priority except for padding BSR when transmitted on configured grants. It was FFS whether  decision to use the highest priority for MAC CEs (except for padding BS). This is consistent with the existing prioritization rules for logical channels where padding BSR has lower priority than any data. The MAC CE for “Recommended bit rate query” has also same lower priority and therefore same conclusion should apply.
Proposal 6: The MAC CEs for padding BSR and recommended bit rate query do not affect the CAPC selection for a MAC PDU when transmitted on configured grants.
3. Conclusion

In this contribution, we discussed channel access priority selection for data transmission and propose the following:
Observation 1: There is a one-to-one correspondence between NR 5QI and LTE QCI, at least for the values used in LAA for mapping to CAPC.
Proposal 1: The Table in 36.300 for the mapping between CAPC and QCI is used as a baseline for NR-U by replacing QCI with 5QI.
Proposal 2: 5QI values 67, 79, 80, 82, 83, 84, 85 are mapped to CAPC = 1.

Proposal 3: Introduce Table 1 below in 38.300 for mapping between CAPC and 5QI.
Proposal 4: The logical channels for SRBs are mapped to the highest access priority (lowest CAPC number).

Proposal 5: CAPC selection for transmission on configured grants follows the same rules as AUL in LTE LAA. For type 1 (Cat 4) transmission, UE selects the lowest priority among the multiplexed MAC SDUs. For Type 2 (Cat 2) transmission, UE can select any logical channel SDU. This should be confirmed with RAN1.

Proposal 6: The MAC CEs for padding BSR and recommended bit rate query do not affect the CAPC selection for a MAC PDU when transmitted on configured grants.
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Annex (QCI and 5QI Tables)
QCI Table in 23.203

Table 6.1.7-A: Standardized QCI characteristics

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget

(NOTE 13)
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3, NOTE 14)
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming, V2X messages

Electricity distribution - medium voltage (e.g. TS 22.261 [51] clause 7.2.2)

Process automation - monitoring (e.g. TS 22.261 [51] clause 7.2.2)

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 3, NOTE 9, NOTE 12)
	
	0.7
	75 ms
(NOTE 7,
NOTE 8)
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 3, NOTE 12)
	
	
2
	100 ms
(NOTE 1,
NOTE 10)
	
10-2
	Non-Mission-Critical user plane Push To Talk voice

	67
(NOTE 3, NOTE 12)
	
	
1.5
	100 ms
(NOTE 1,
NOTE 10)
	
10-3
	Mission Critical Video user plane

	75
(NOTE 14)
	
	2.5
	50 ms
(NOTE 1)
	10-2
	V2X messages

	71
	
	5.6
	150ms

(NOTE 1, NOTE 16)
	10-6
	"Live" Uplink Streaming (e.g. TS 26.238 [53])

	72
	
	5.6
	300ms

(NOTE 1, NOTE 16)
	10-4
	"Live" Uplink Streaming (e.g. TS 26.238 [53])

	73
	
	5.6
	300ms

(NOTE 1, NOTE 16)
	10-8
	"Live" Uplink Streaming (e.g. TS 26.238 [53])

	74
	
	5.6
	500ms

(NOTE 1, NOTE 16)
	10-8
	"Live" Uplink Streaming (e.g. TS 26.238 [53])

	76
	
	5.6
	500ms

(NOTE 1, NOTE 16)
	10-4
	"Live" Uplink Streaming (e.g. TS 26.238 [53])

	5
(NOTE 3)
	
	1
	100 ms
(NOTE 1, NOTE 10)
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
(NOTE 1, NOTE 10)
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
(NOTE 1, NOTE 10)
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	
300 ms
(NOTE 1)
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	69
(NOTE 3, NOTE 9, NOTE 12)
	
	0.5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling, MC Video signalling)

	70
(NOTE 4, NOTE 12)
	
	5.5
	200 ms
(NOTE 7, NOTE 10)
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	79
(NOTE 14)
	
	6.5
	50 ms
(NOTE 1, NOTE 10)
	10-2
	V2X messages

	80
(NOTE 3)
	
	6.8
	10 ms
(NOTE 10, NOTE 15)
	10-6
	Low latency eMBB applications (TCP/UDP-based);

Augmented Reality

	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.

NOTE 2:
The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio interface between a UE and radio base station.

NOTE 3:
This QCI is typically associated with an operator controlled service, i.e., a service where the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. In case of E-UTRAN this is the point in time when a corresponding dedicated EPS bearer is established / modified.

NOTE 4:
If the network supports Multimedia Priority Services (MPS) then this QCI could be used for the prioritization of non real-time data (i.e. most typically TCP-based services/applications) of MPS subscribers.

NOTE 5:
This QCI could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / subscriber group. Also in this case, the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. Alternatively, this QCI could be used for the default bearer of a UE/PDN for "premium subscribers".

NOTE 6:
This QCI is typically used for the default bearer of a UE/PDN for non privileged subscribers. Note that AMBR can be used as a "tool" to provide subscriber differentiation between subscriber groups connected to the same PDN with the same QCI on the default bearer.

NOTE 7:
For Mission Critical services, it may be assumed that the PCEF is located "close" to the radio base station (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 PCEF and a radio base station 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 QCIs 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 QCI-65 and QCI-69 are used together to provide Mission Critical Push to Talk service (e.g., QCI-5 is not used for signalling for the bearer that utilizes QCI-65 as user plane bearer). 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 QCIs 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 QCIs 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 QCI 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 QCI value.

NOTE 13:
Packet delay budget is not applicable on NB-IoT or when Enhanced Coverage is used for WB-E-UTRAN (see TS 36.300 [19]).

NOTE 14:
This QCI could be used for transmission of V2X messages as defined in TS 23.285 [48].

NOTE 15:
A delay of 2 ms for the delay between a PCEF and a radio base station should be subtracted from the given PDB to derive the packet delay budget that applies to the radio interface.

NOTE 16:
For "live" uplink streaming (see TS 26.238 [53]), guidelines for PDB values of the different QCIs correspond to the latency configurations defined in TR 26.939 [54]. In order to support higher latency reliable streaming services (above 500ms PDB), if different PDB and PELR combinations are needed these configurations will have to use non-standardised QCIs.


5QI table in 23.501

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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