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[bookmark: _GoBack]1	Introduction
This is the report for the email discussion:
[106#50][NR-U] CAPC (Nokia) 
Intended outcome: Report, Populate the CAPC table, taking into account proposals to R2#106.  
Deadline:  Thursday 2019-08-08 

2	CAPC and mapping between 5QI and CAPC
Four Channel Access Priority Classes are defined in TS 37.213 [2] which can be used when performing uplink and downlink transmissions in LAA carriers. RAN2 assumed that the same CAPCs will be used for NR-U. RAN2 has also discussed that a table for mapping between standardized 5QI values and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300 [3], shall be specified – Current LTE mapping table is as shown in Annex B – 36.300 CAPC mapping
The standardized 5QI are summarized in Table 5.7.4-1 of 3GPP TS 23.501 [4] as shown also in Annex A – part of 23.501-g10. For reference corresponding LTE table is shown in Annex C – 23.203-g10 table 6.1.7-A. 
In RAN2#106 there were following papers on 5QI to CAPC mapping:
	download
	R2-1906334
	Channel Access Priority and Multiplexing
	Qualcomm Incorporated

	download
	R2-1907582
	Discussions on channel access priority in NR-U
	Ericsson

	download
	R2-1906589
	CAPC open issues
	Nokia, Nokia Shanghai Bell

	download
	R2-1906311
	UL data multiplexing and channel access priority for NR-U
	ZTE Corporation, Sanechips

	download
	R2-1907540
	Further considerations on Channel Access Priority Class
	Huawei, HiSilicon

	download
	R2-1907637
	LBT types in NR-U
	Samsung

	MISSING PAPERS?
	
	
	



Basically starting point in all papers is to follow LTE mapping but there are some small differences that need to be agreed:
Q1: Do we need to map new 5QIs introduced in release 16 i.e. 5QI 71, 72, 73, 74 and 76?
	Company
	View/Comments

	Nokia
	All the 5QIs should have mapping to CAPC – otherwise it would be unspecified behavior which CAPC would be used.

	ZTE
	All the standardized 5QIs should have a mapping relation with CAPC.

	Samsung
	We agree with others that all the standardized 5QIs should have a mapping relation with CAPC.

	Google
	Agree with previous views

	Ericsson
	These new values were introduced by SA2 in Rel-16, it is reasonable to consider all for the mapping table.

	Intel
	Agree with others.

	MediaTek
	Agree with the views above.

	LG
	Agree

	OPPO
	Agree

	vivo
	Agree with the views above.

	Huawei
	Agree

	Qualcomm
	Agree

	Apple
	Agree



Proposal 1: Map all 5QIs to CAPCs including the new 5QIs introduced in Rel-16.

Q2: If answer to Q1 was yes how to map new 5QI/QCIs to CAPCs?
	Company
	View/Comments

	Nokia
	In our understanding 5QI 71 belongs to CAPC 2 (delay budget is 150ms), while for the others (72-74 and 76) mapping to CAPC 3 seems to be the solution (their delay budget is 300ms or higher).

	ZTE
	We agree that considering the Packet Delay Budget, 5QI 71 could be mapped to CAPC 2, other 5Qis could be mapped to CAPC 3.

	Samsung
	In general, RAN2 may consider having a general rule/principle for the mapping. For instance, if the default priority level is less than 50 && packet delay budget is less than 100, CAPC 1 is used. If only one of the conditions is met, CAPC 2 is used. Otherwise CAPC 3 is used. Once we have such a rule, then we can avoid unnecessary work in the future (see Q5).

	Google
	Agree with Nokia and ZTE. 

	Ericsson
	Agree with Nokia and ZTE. 

	Intel
	OK with the recommendation from Nokia and ZTE

	MediaTek
	Agree with Nokia and ZTE.

	LG
	Agree with Nokia and ZTE.

	OPPO
	Agree with Nokia and ZTE

	vivo
	Agree with Nokia and ZTE

	Huawei 
	Agree with Nokia and ZTE

	Qualcomm
	OK with Nokia/ZTE proposal

	Apple
	Agree with Nokia and ZTE



Proposal 2: Map 5QI 71 to CAPC2 and 5QI 72-74 and 76 to CAPC3

Q3: If we map new release-16 5Qis to CAPC should we do similarly (or differently) in LTE?
	Company
	View/Comments

	Nokia
	We think similar mapping should be used in LTE and NR i.e. also in LTE new QCIs 71-74 and 76 should have mapping to CAPCs and preferably follow similar mapping as in NR. 

	ZTE
	We think the same mapping principle as in LTE (based on the Packet Delay Budget) should also be used for NR-U. So, we agree with Nokia that in LTE we should update the mapping table to reflect new agreements made in NR.

	Samsung
	We also think the similar mapping should be used in LTE.

	Google
	Agree with others that there is no need to differentiate between NR and LTE for CAPC mapping.

	Ericsson
	Agree with Nokia and others above. 

	Intel
	Yes and the same mapping should be used for NR and LTE

	MediaTek
	Agree with the responses above that similar mapping should be used in LTE.

	LG
	Similar mapping principle should be used for both NR and LTE.

	OPPO
	Agree similar mapping should be used in LTE

	vivo
	Yes.

	Huawei
	Agree similar mapping should be used in LTE

	Qualcomm
	Agree that we should use the similar mapping for LTE LAA connected to 5GC. Obviously, this needs to be done as a CR outside this WI.

	Apple
	Agree with Nokia.


 
Proposal 3: Do the 5QI/QCI mapping to CAPC similarly in LTE and NR.

In R2-1906589 it was proposed to change mapping of QCI70 from CAPC2 to CAPC3 because as defined in the 23.501 (and correspondingly in LTE in 23.203) example services for QCI70 are QCI 6,8 and 9 which are mapped to CAPC3.  
Q4: Should we change mapping of QCI70 (in LTE) and correspondingly in NR 5QI70 to CAPC3?
	Company
	View/Comments

	Nokia
	It should be noted that QCI 70 is mapped in LTE to CAPC 1, however in Table 6.1.7-A of 23.203 for LTE (and similarly in Table 5.7.4-1 of 23.501 for NR) it is stated that that “example services are the same as QCI/5QI 6/8/9” – which are instead mapped to CAPC 3. Thus, we consider that it was a mistake to map QCI70 to CAPC1 and it would be better to map QCI/5QI 70 to CAPC3

	ZTE
	We don’t have a strong view on this, and we are okay to go with majority view. However, we would like to have some feedback on whether this is backwards compatible from coexistence perspective. i.e. legacy devices (LAA) will use CAPAC 1 whilst new devices (NR and even new LAA devices if we update this also in LAA) will use CAPAC 3. This should be considered before changing this. By the way, although it is said that the services are similar, the PDB for 5Qis 6/8/9 is 300 ms whilst for 5QI 70 it is slightly less (i.e. 200 ms) – which is also something to take into account perhaps?

	Samsung
	We prefer not to change the LTE QCI for the backward compatibility issue, but are fine with CAPC 3 for NR 5QI 70.

	Google
	It seems better to be consistent with LTE and map 5QI70 to CAPC 1. We should not revert a decision taken in LTE earlier unless there is a very strong reason to do so.

	Ericsson
	Similar view as ZTE. 

	Intel
	Agree with Google to keep consistent with LTE to map 5QI70 to CAPC1.

	MediaTek
	In order to have consistent behavior between LTE and NR Ues, we think it is better to map 5QI70 to CAPC 1, as in LTE. Note that, 5QI70 is defined for Mission Critical Data, and has a fairly high priority (55), compared to 5QI 6/8/9.

	LG
	Agree with Samsung.

	OPPO
	Don’t agree to revert the mapping rule in LTE, and intend to have the similar mapping rule in NR, i.e., map 5QI 70 to CAPA 1.

	Vivo
	As explained in R2-1906589, The CAPC is expected to mainly impact the channel access delay, and the PDB of 5QI 70 is closer to 5QI 2. Therefore, it’s more possible to map QCI/5QI 70 to CAPC 2. But we are fine with CAPC 3 for NR 5QI 70

	Huawei 
	We prefer not to change for backwards compatibility unless there is stronger motivation to do so.

	Qualcomm
	Nothing is broken so don’t need to make non-backwards compatible changes. Also, SA2 spec says “e.g. example services are the same as 5QI 6/8/9” which does not mean that they are equivalent.

	Apple
	ZTE brought a valid point and we should be careful of doing non-backward compatible change.



Proposal 4: Do not change LTE CAPC mapping of QCI 70, i.e. map it to CAPC1 and similarly map 5QI 70 in NR to CAPC1

Q5: Any missing questions/thoughts?
	Company
	View/Comments

	ZTE
	According to the discussion, we think the new mapping table between 5QI and CAPC should be as follows:
	
Channel Access Priority Class ()
	5QI

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

	2
	2, 7, 71

	3
	4, 6, 8, 9, 70??, 72, 73, 74, 76

	4
	-




	Samsung
	We think the stage-2 specification should capture the general rule/principle (e.g. as in Q1) instead of having a Table (as in LTE; like a proposal from ZTE above), to avoid unnecessary work in RAN2. Unlike LTE, SA2 would keep defining new 5Qis in the future releases for NR, and then RAN2 should keep maintaining the table whenever they introduce a new standardized 5QI.

	Google
	While we have some sympathy for Samsung’s views, we also think that it may be challenging to agree on a general rule for CAPC mapping.

	Ericsson
	We prefer a table. 

	Intel
	Samsung’s proposed rule is quite aligned with the proposed mapping table.  We just need to update the table based on the proposed rule when a new 5QI is introduced by SA2 (which we think will not be frequent), rather than spending time specifying the rule. 

	MediaTek
	We prefer a table, as the mapping of QCI/5QI to CAPC is not strictly dependent on delay budget or priority, rather on the type of service.

	LG
	From RAN2 point of view, general rule for new mapping table can be captured. However, we think that it is up to SA2 decision to introduce new mapping table for NR-U. 

	OPPO
	The table proposed by ZTE is fine to us except that we think 5QI 70 should be mapped to CAPC 1.

	Vivo
	We prefer a table.

	Huawei
	We prefer a table while mapping 5GI 70, 79, 80, 82, 83, 84, 85 to CAPC 1.

	Qualcomm
	We also prefer a table in stage-2 as done for LAA. Defining a general rule without ambiguity is not straightforward and will consume more discussion time. There is no issue in updating the table when SA2 introduces new 5QIs for services which are potential deployment options for NR-U. 

	Apple
	We also prefer a table. 



Proposal 5: Populate CAPC to 5QI mapping table as follows:
	
Channel Access Priority Class ()
	5QI

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

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-



3	Conclusion  
Intended outcome is to have “Mapping between Channel Access Priority Classes and QCI” table populated (to be done after email discussion converged).
Proposal 1: Map all 5QIs to CAPCs including the new 5QIs introduced in Rel-16.
Proposal 2: Map 5QI 71 to CAPC2 and 5QI 72-74 and 76 to CAPC3
Proposal 3: Do the 5QI/QCI mapping to CAPC similarly in LTE and NR.
Proposal 4: Do not change LTE CAPC mapping of QCI 70, i.e. map it to CAPC1 and similarly map 5QI 70 in NR to CAPC1
Proposal 5: Populate CAPC to 5QI mapping table as follows:
	
Channel Access Priority Class ()
	5QI

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

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-



Based on above proposal in this WID email rapporteur will provide CR to NR to propose above mapping.
Additionally, email rapporteur will provide CRs to LTE to add the missing Rel-15 QCIs (67, 79, 80, 82, 83, 84) and to add Rel-16 new QCIs (71, 72, 73, 74 and 76).
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[bookmark: _Ref11152985]Annex A – part of 23.501-g10
[bookmark: _Toc11136890][bookmark: _Toc5026202]5.7.4	Standardized 5QI to QoS characteristics mapping
Standardized 5QI values are specified for services that are assumed to be frequently used and thus benefit from optimized signalling by using standardized QoS characteristics. Dynamically assigned 5QI values (which require a signalling of QoS characteristics as part of the QoS profile) can be used for services for which standardized 5QI values are not defined. 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)
	
	
	
	
	
	
	

	71
	
	56
	150 ms (NOTE 11, NOTE 13, NOTE 15)
	10-6
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	72
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	73
	
	56
	300 ms (NOTE 11, NOTE 13, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	74
	
	56
	500 ms (NOTE 11, NOTE 15)
	10-8
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	76
	
	56
	500 ms (NOTE 11, NOTE 13, NOTE 15)
	10-4
	N/A
	2000 ms
	"Live" Uplink Streaming (e.g. TS 26.238 [76])

	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 static value for the CN PDB 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. When a dynamic CN PDB is used, see clause 5.7.3.4.
NOTE 5:	A static value for the CN PDB 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. When a dynamic CN PDB is used, see clause 5.7.3.4.
NOTE 6:	A static value for the CN PDB 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. When a dynamic CN PDB is used, see clause 5.7.3.4.
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 a static value for the CN PDBof 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 static value for the CN PDB 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 in this Release of the specification as it is only used for transmission of V2X messages over MBMS bearers as defined in TS 23.285 [72] but the value is reserved for future use.
NOTE 15:	For "live" uplink streaming (see TS 26.238 [76]), guidelines for PDB values of the different 5QIs correspond to the latency configurations defined in TR 26.939 [77]. In order to support higher latency reliable streaming services (above 500ms PDB), if different PDB and PER combinations are needed these configurations will have to use non-standardised 5QIs.



NOTE:	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).

[bookmark: _Ref11153885]Annex B – 36.300 CAPC mapping
[bookmark: _Toc5987170]5.7.1	Channel Access Priority Classes
Four Channel Access Priority Classes are defined in TS 36.213 [6] which can be used when performing uplink and downlink transmissions in LAA carriers. Table 5.7.1-1 shows which Channel Access Priority Class should be used by traffic belonging to the different standardized QCIs. 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.
For uplink, the eNB selects the Channel Access Priority Class by taking into account the lowest priority QCI in a Logical Channel Group.
Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI
	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Channel Access Priority Class ()
	QCI

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

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-




[bookmark: _Ref11158306]Annex C – 23.203-g10 table 6.1.7-A and 6.1.7-B
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.



Table 6.1.7-B: Standardized QCI characteristics
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget (NOTE B1)
	Packet Error Loss
Rate (NOTE B2)
	Maximum Data Burst Volume
(NOTE B1)
	Data Rate Averaging Window
	Example Services

	82
(NOTE B6)
	
GBR
	
1.9
	10 ms

(NOTE B4)
	10-4

(NOTE B3)
	
255 bytes
	
2000 ms
	Discrete Automation (TS 22.278 [38], clause 8 bullet g, and TS 22.261 [51], table 7.2.2-1, "small packets")

	83
(NOTE B6)
	
	
2.2
	10 ms

(NOTE B4)
	10-4

(NOTE B3)
	1354 bytes

(NOTE B5)
	
2000 ms
	Discrete Automation (TS 22.278 [38], clause 8 bullet g, and TS 22.261 [51], table 7.2.2-1, "big packets")

	84
(NOTE B6)
	
	
2.4
	30 ms

(NOTE B7)
	10-5

(NOTE B3)
	1354 bytes

(NOTE B5)
	
2000 ms
	Intelligent Transport Systems (TS 22.278 [38], clause 8, bullet h, and TS 22.261 [51], table 7.2.2).

	85
(NOTE B6)
	
	
2.1
	5 ms

(NOTE B8)
	10-5

(NOTE B3)
	
255 bytes
	
2000 ms
	Electricity Distribution- high voltage (TS 22.278 [38], clause 8, bullet i, and TS 22.261 [51], table 7.2.2 and Annex D, clause D.4.2).

	NOTE B1:	The PDB applies to bursts that are not greater than Maximum Data Burst Volume.
NOTE B2:	This Packet Error Loss Rate includes packets that are not successfully delivered over the access network plus those packets that comply with the Maximum Data Burst Volume and GBR requirements but which are not delivered within the Packet Delay Budget.
NOTE B3:	Data rates above the GBR, or, bursts larger than the Maximum Data Burst Volume, are treated as best effort, and, in order to serve other packets and meet the PELR, this can lead to them being discarded.
NOTE B4:	A delay of 1 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.
NOTE B5:	This Maximum Data Burst Volume value is set to 1354 bytes to avoid IP fragmentation on an IPv6 based, IPSec protected GTP tunnel to the eNB (the value is calculated as in Annex C of TS 23.060 [12] and further reduced by 4 bytes to allow for the usage of a GTP-U extension header).
NOTE B6:	This QCI is typically associated with a dedicated EPS bearer.
NOTE B7:	A delay of 5 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.
NOTE B8:	A delay of 2 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.
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