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Introduction
At the last RAN3 meeting it was discussed how the aggregated QoS for a DRB is determined. Three types of solutions were identified:

1) gNB-CU forwards QoS Flow QoS Information received over NG to gNB-DU. gNB-DU decides the aggregate DRB QoS and communicates it back to gNB-CU

2)  gNB-CU takes into consideration QoS Flow QoS Information received over NG to determine the aggregate DRB QoS. gNB-CU forwards the DRB QoS to gNB-DU

3) gNB-CU takes into consideration QoS Flow QoS Information received over NG to determine the aggregate DRB QoS. gNB-CU forwards to gNB-DU the QoS Flow QoS Information and the DRB QoS. If gNB-DU cannot fulfil the DRB QoS received, gNB-DU determines the DRB QoS that can be admitted, gNB-DU admits such DRB QoS and signals it to gNB-CU

No conclusion on this topic has so far been reached. This paper discusses the problem further and proposes ways forward.
[bookmark: _Toc491772836]Discussion 
The issue that makes the QoS problem in NG RAN different from LTE is that a DRB does not map to a single QoS Flow. A gNB-CU may map multiple and different QoS Flows to a single DRB. The QoS flows that may be mapped to a single DRB could have different QoS parameters, for example, high throughput, low delay, low jitter, etc.
In a situation where the gNB-CU needs to decide the “aggregate” DRB QoS to be fulfilled by the gNB-DU, it is extremely likely that the gNB-CU will simply select the most stringent QoS parameters for each QoS Flow mapped to the DRB. This is because the gNB-CU does not have knowledge of the radio conditions monitored by the gNB-DU, the resources available to the gNB-DU and the scheduling/RRM policies supported by the gNB-DU.
The latter results in a situation where the overall DRB QoS may become extremely difficult to fulfil, due to stringent requirements for each QoS parameters.  In this case the gNB-DU, who is the node holding the functions of scheduling and resource management, may not be able to admit the DRB QoS signalled by the gNB-CU. This situation will lead to a DRB setup failure, which will halt any UP communication with the UE.
It may be commented that an implementation may choose to map similar QoS flows to the same DRB. However, this cannot be guaranteed, and it depends on factors that cannot be controlled by the RAN, such as maximum number of DRBs supported by the UE and number of QoS Flows/services requested by the UE. Simply put, if the number of QoS Flows requested by a UE is higher than the number of DRBs supported, the problem described above may occur.
The problem of DRB setup failure described above is very important if one considers current requirements posed by operators. A well-functioning network is in fact expected to have DRB failure rates well below 1%. Moreover, there are stringent requirements in 5G for minimum time to access UP resources. The problem described above constitutes an obstacle to all such requirements.

Observation 1: The NG RAN is subject to multiple QoS Flow mapping to the same DRB. This may lead to a very challenging requirement on the overall DRB QoS and to likely DRB setup failures due to failed admission control

Conclusion 1: The main problem to solve is how to avoid DRB setup failures due to challenging QoS requirements when mapping different QoS flows to a DRB

To solve the problem above two solutions have been identified, as per section 1. 
Solution 1 is the simplest solution because it places the problem of determining the DRB QoS in the hands of the node that needs to fulfil such QoS, i.e. the gNB-DU. In this solution the gNB-DU receives the QoS Flow QoS Information (sent to the gNB-CU over the NG interface) for each QoS flow to be mapped to the DRB. 
The gNB-DU then determines the DRB QoS that can be admitted. Obviously, if radio resource conditions allow, the gNB-DU will try to fulfil the QoS requirements for each QoS Flow, i.e. the gNB-DU will try to admit the most stringent “aggregate” QoS. However, if radio resource conditions are challenging, the gNB-DU will admit the best DRB QoS possible and signal it to the gNB-CU.
The latter solves the problem of DRB setup failures while allowing always to admit the best possible QoS, given the radio conditions.

Conclusion 2: Allowing the gNB-DU to receive QoS Flow QoS Information and decide the “aggregate” DRB QoS avoids DRB Setup failures 

Another alternative to avoid the problem of DRB setup failures is that of solution 3 in section 1. Here the gNB-CU signals to the gNB-DU the QoS Flow QoS Information and the DRB QoS decided by the gNB-CU.
As explained above, the gNB-CU can only derive the most stringent DRB QoS out of all the QoS Flows mapped to the DRB. It is obvious that if the gNB-DU can admit the DRB QoS signalled by the gNB-CU, it will admit it. However, such condition may not always occur. In these cases, and to avoid DRB setup failures, the gNB-DU can
· Check if the DRB QoS signalled by the gNB-CU can be admitted, if not (e.g. in cases of congestions)
· Determine the best DRB QoS that can be admitted and admit the DRB with such QoS
· Signal the admitted DRB QoS to the gNB-CU
This approach allows the gNB-CU to have a first choice on the DRB QoS to be admitted by the gNB-DU. However, this option allows, in cases of congestions/overloads, that the gNB-DU can still admit the DRB with the best QoS possible, therefore avoiding stalling the access to UP resources by the UE.

Conclusion 3: A gNB-DU that receives QoS Flow QoS Information and DRB QoS by the gNB-CU will always try to admit the DRB. If this is not possible, allowing the gNB-DU to admit the best possible QoS for the DRB avoids failing the DRB setup

The figures below show the two solutions that can solve the problem of DRB failures.



Figure 1: Description of Solution 1, where gNB-DU selects DRB QoS



Figure 2: Description of Solution 3, where gNB-DU selects DRB QoS in cases where DRB QoS signalled by gNB-CU cannot be admitted (e.g. congestion/overload)

It is evident that Solution 2 would not solve the problem of avoidance of admission failure because as already stated, in Solution 2 the only choice available to the gNB-CU is that of requesting the most stringent “aggregate” QoS. In cases where that QoS cannot be admitted, the gNB-DU has no other choices but failing the admission control. The RAN is therefore likely to go into a “negotiation mode” where the gNB-CU will try to re-map QoS Flows to DRBs. 
It is worth noting that such remapping is not at all easy because it implies changing the QoS flow to DRB mapping of other DRBs possibly serving by other gNB-DUs. With this it should be understood that a “trial and error” approach based on QoS Flow to DRB re-mapping may take substantially long time to converge, hence preventing a UE to access a service.
Conclusion 4: A solution based on DRB QoS decision at the CU implies that if the DRB QoS cannot be admitted, the DRB admission will fail. Due to successive “trial and error” attempts by the gNB-CU to reach DRB admission, it may take a long time for the UE to access UP resources
Conclusion
[bookmark: _Ref484067741][bookmark: _Ref174151459][bookmark: _Ref189809556]In this paper a description of the new challenge in terms of QoS for the NG RAN has been provided. Such challenge is highlighted in the following observation:
Observation 1: The NG RAN is subject to multiple QoS Flow mapping to the same DRB. This may lead to a very challenging requirement on the overall DRB QoS and to likely DRB setup failures due to failed admission control
The challenge described brings us to the main problem that needs to be addressed in 5G systems when it comes to DRB QoS, which is highlighted in the conclusion below:
Conclusion 1: The main problem to solve is how to avoid DRB setup failures due to challenging QoS requirements when mapping different QoS flows to a DRB
With respect to the problem described one simple solution was identified and captured in the conclusion below:

Conclusion 2: Allowing the gNB-DU to receive QoS Flow QoS Information and decide the “aggregate” DRB QoS avoids DRB Setup failures 

As an alternative, another solution was identified, as in the conclusion below:
Conclusion 3: A gNB-DU that receives QoS Flow QoS Information and DRB QoS by the gNB-CU will always try to admit the DRB. If this is not possible, allowing the gNB-DU to admit the best possible QoS for the DRB avoids failing the DRB setup

It was observed that, on the contrary, a solution based on DRB QoS decision purely at the gNB_CU would not solve the problem of DRB setup failure and would incur in long delays for UP resource access by the UE.
Conclusion 4: A solution based on DRB QoS decision at the CU implies that if the DRB QoS cannot be admitted, the DRB admission will fail. Due to successive “trial and error” attempts by the gNB-CU to reach DRB admission, it may take a long time for the UE to access UP resources

[bookmark: _GoBack]It is proposed to agree to the TP below, which mirrors the preferred solution 1. As an alternative, a TP for Solution3 is provided in R3-182209.

TP to TS38.473 v15.0.0
[bookmark: _Toc462752886][bookmark: _Toc477770795][bookmark: _Toc493604338][bookmark: _Toc494264714]----------------------------------------------Here the Changes Start----------------------------------------------
[bookmark: _Toc500500859]8.3	UE Context Management procedures
The purpose of the UE Context management procedure is to establish and release the necessary UE Context over F1. C-RNTI is allocated by gNB-DU during this procedure when UE initially accesses to the gNB.
[bookmark: _Toc493604365][bookmark: _Toc494264743][bookmark: _Toc500500860]8.3.1	UE Context Setup 
[bookmark: _Toc367182835][bookmark: _Toc488218687][bookmark: _Toc493604366][bookmark: _Toc494264744][bookmark: _Toc500500861]8.3.1.1	General
The purpose of the UE Context Setup procedure is to establish the UE Context including among others SRB, and DRB data. The procedure uses UE-associated signalling.

[bookmark: _Toc367182836][bookmark: _Toc488218688][bookmark: _Toc493604367][bookmark: _Toc494264745][bookmark: _Toc500500862]8.3.1.2	Successful Operation

[bookmark: _MON_1561376632]
Figure 8.3.1.2-1: UE Context Setup Request procedure: Successful Operation.
The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE.
If the PSCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
If the DRX Cycle IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall take this into account.
If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
The gNB-DU shall report to the gNB-CU, in the UE CONTEXT SETUP RESPONSE message, the result for all the requested DRBs and SRBs in the following way:
-	A list of DRBs which are successfully established shall be included in the DRB Setup List IE;
-	A list of DRBs which failed to be established shall be included in the DRB Failed to Setup List IE;
-	A list of SRBs which are successfully established shall be included in the SRB Setup List IE;
-	A list of SRBs which failed to be established shall be included in the SRB Failed to Setup List IE.
When the gNB-DU reports the unsuccessful establishment of a DRB or SRB, the cause value should be precise enough to enable the gNB-CU to know the reason for the unsuccessful establishment.
For EN-DC operation, the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [3].
For non EN-DC operation, the gNB-CU shall include the DRB to Traffic Flow Mapping IE.
If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], it shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT SETUP REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.
If the Resource Coordination Transfer Container IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
[bookmark: _Toc488218689][bookmark: _Toc493604368][bookmark: _Toc494264746][bookmark: _Toc500500863]8.3.1.3	Unsuccessful Operation
[bookmark: _MON_1561379095]
Figure 8.3.1.3-1: UE Context Setup Request procedure: unsuccessful Operation.
If the gNB-DU is not able to establish an F1 UE context, or cannot even establish one non-GBR bearer it shall consider the procedure as failed and reply with the UE CONTEXT SETUP FAILURE message.

[bookmark: _Toc500500864]8.3.1.4	Abnormal Conditions
Not applicable.

<Unchanged Text Skipped>
[bookmark: _Toc502835523][bookmark: _Toc502837204]8.3.4	UE Context Modification (gNB-CU initiated)
[bookmark: _Toc502835524][bookmark: _Toc502837205]8.3.4.1	General
The purpose of the UE Context Modification procedure is to modify the established UE Context, e.g., establishing, modifying and releasing radio resources for user data transport. This procedure is also used to command the gNB-DU to stop data transmission for the UE. The procedure uses UE-associated signalling.
[bookmark: _Toc502835525][bookmark: _Toc502837206]8.3.4.2	Successful Operation
[image: ]
Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation
The F1AP UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.
If the PSCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
If the DRX Cycle IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall take this into account.
If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].
If the DRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].
Upon reception of the UE Context Modification Request message, the gNB-DU shall perform the modifications, and if successful reports the update in the UE CONTEXT MODIFICATION RESPONSE message.
If the UE CONTEXT MODIFICATION REQUEST message contains the Transmission Stop Indicator IE, the gNB-DU shall stop data transmission for the UE. It is up to gNB-DU implementation when to stop the UE scheduling.
If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], after completion of UE Context Setup procedures, the gNB-CU shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT MODIFICATION REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.
If the Resource Coordination Transfer Container IE is included in the UE CONTEXT MODIFICATION RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
If the DRB to Be Setup List IE is present, for EN-DC operation, the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [3]. For non EN-DC operation, the gNB-CU shall include the DRB to Traffic Flow Mapping IE.
[bookmark: _Toc502835526][bookmark: _Toc502837207]8.3.4.3	Unsuccessful Operation
[image: ]
Figure 8.3.4.3-1: UE Context Modification procedure. Unsuccessful operation
In case none of the requested modifications of the UE context can be successfully performed, the gNB-DU shall respond with the UE CONTEXT MODIFICATION FAILURE message with an appropriate cause value. 
[bookmark: _Toc502835527][bookmark: _Toc502837208]8.3.4.4	Abnormal Conditions
Not applicable.


----------------------------------------------Here Comes the Second Change----------------------------------------------
[bookmark: _Toc502835560][bookmark: _Toc502837241][bookmark: _Ref469454216][bookmark: _Toc367183031][bookmark: _Toc488218727][bookmark: _Toc494264789][bookmark: _Toc500327651]9.2.2.1	UE CONTEXT SETUP REQUEST
This message is sent by the gNB-CU to request the setup of a UE context.
Direction: gNB-CU  gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID 
	O
	
	9.3.1.5
	
	YES
	ignore

	PSCell ID
	O
	
	NCGI
9.3.1.12
	PSCell Identifier in SgNB
	YES
	Ignore

	CU to DU RRC Information
	M
	
	9.3.1.25
	
	YES
	reject

	DRX Cycle 
	O
	
	DRX Cycle 
9.3.1.24
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	reject

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	0 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI
9.3.1.12
	SCell Identifier in SgNB
	-
	-

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	1 .. <maxnoofSRBs>]
	
	
	
	

	>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs> 
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	M
	
	
	
	YES
	reject

	>>>E-UTRAN QoS
	MO
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>>>DRB to Traffic Flow Mapping
	
	1
	
	
	
	

	>>>>Flows Mapped to DRB Item
	
	1 ..  <maxnoofQoSFlows>
	
	
	
	

	>>>>>QoS Flow Indicator
	M
	
	<reference>
	
	
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.z
	
	
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-



	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 64.

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofULTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.

	maxnoofQoSFlows
	Maximum no. of QoS Flows mapped to one DRB, the maximum value is FFS



[bookmark: _Toc502835561][bookmark: _Toc502837242]9.2.2.2	UE CONTEXT SETUP RESPONSE
This message is sent by the gNB-DU to confirm the setup of a UE context.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	DU To CU RRC Information

	M
	
	9.3.1.26
	
	YES
	reject

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the SgNB Resource Coordination Information IE as defined in subclause 9.2.117 of TS 36.423 [9].
	YES
	reject

	SRB Setup List
	
	0..1
	
	The List of SRBs which are successfully established.
	YES
	ignore

	>SRB Setup Item Iist
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	

	DRB Setup List
	
	1
	
	The List of DRBs which are successfully established.
	YES
	ignore

	>DRB Setup Item Iist
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>DRB QoS
	M
	
	9.3.1.z
	
	
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	SRB Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>SRB Failed to Setup Item 
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	-

	>>Cause
	O
	
	9.3.1.2
	
	YES
	ignore

	DRB Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>DRB Failed to Setup Item 
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	-

	>>Cause
	O
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 64.

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofDLTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.



< unchanged text omitted>
[bookmark: _Toc502835566][bookmark: _Toc502837247]
9.2.2.7	UE CONTEXT MODIFICATION REQUEST
This message is sent by the gNB-CU to provide UE Context information changes to the gNB-DU.
Direction: gNB-CU  gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	PSCell ID
	O
	
	NCGI
9.3.1.12
	PSCell Identifier in SgNB
	YES
	Ignore

	DRX Cycle 
	O
	
	DRX Cycle 
9.3.1.24
	
	YES
	ignore

	CU to DU RRC Information

	O

	
	9.3.1.25
	
	YES
	reject

	Transmission Stop Indicator
	O
	
	9.3.1.11
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	reject

	RRC-Container
	O
	
	9.3.1.6
	
	YES
	ignore

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	<0 .. maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI
9.3.1.12
	SCell Identifier in SgNB
	-
	-

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	<1..maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	O
	
	
	
	YES
	reject

	>>>E-UTRAN QoS
	MO
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>>>DRB to Traffic Flow Mapping
	
	1
	
	
	
	

	>>>>Flows Mapped to DRB Item
	
	1 ..  <maxnoofQoSFlows>
	
	
	
	

	>>>>>QoS Flow Indicator
	M
	
	<reference>
	
	
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.z
	
	
	

	>> Tunnels to be setup List 
	
	1
	
	
	
	

	>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	DRB to Be Modified List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Modified Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>E-UTRAN QoS
	O
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List 
	
	0..1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	SRB TO Be Released List
	
	0..1
	
	
	
	

	>SRB To Be Released Item IEs
	
	<1..maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Released List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Released Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	



	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 64.

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofDLTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.

	maxnoofQoSFlows
	Maximum no. of QoS Flows mapped to one DRB, the maximum value is FFS



[bookmark: _Toc502835567][bookmark: _Toc502837248]9.2.2.8	UE CONTEXT MODIFICATION RESPONSE
This message is sent by the gNB-DU to confirm the modification of a UE context.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the SgNB Resource Coordination Information IE as defined in subclause 9.2.117 of TS 36.423 [9].
	YES
	reject

	DU To CU RRC Information

	O
	
	9.3.1.26
	
	YES
	reject

	DRB Setup List
	
	0..1
	
	The List of DRBs which are successfully established.
	YES
	ignore

	>DRB Setup Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>DRB QoS
	O
	
	9.3.1.z
	
	
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	<1 .. maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	DRB Modified List
	
	0..1
	
	The List of DRBs which are successfully modified.
	YES
	ignore

	>DRB Modified Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	<1 .. maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	SRB Failed to be Setup List
	
	0..1
	
	The List of SRBs which are failed to be established.
	YES
	ignore

	>SRB Failed to be Setup Item IEs
	
	1 .. <maxnoofSRBs
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	DRB Failed to be Setup List
	
	0..1
	
	The List of DRBs which are failed to be setup.
	YES
	ignore

	>DRB Failed to be Setup Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	DRB Failed to be Modified List
	
	0..1
	
	The List of DRBs which are failed to be modified.
	YES
	ignore

	>DRB Failed to be Modified Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofDLTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.




----------------------------------------------The Third Change----------------------------------------------

9.3.1.z QoS Flow Level QoS Parameters
Editor’s Note:	Further details FFS.
This IE defines the QoS to be applied to a QoS flow.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	5QI
	O
	
	INTEGER (0..255)
	5G QoS Indicator defined in TS 23.501 [x].
Logical range and coding specified in TS 23.501 [x].
eNote: Coding is FFS. 
	-
	

	Allocation and Retention Priority
	M
	
	9.3.1.xx
	
	-
	

	Non-standardised QoS Flow descriptor
	O
	
	9.3.1.yy
	eNote: Presence needs to be checked with latest stage 2 status.
	-
	

	GBR QoS Flow Information
	O
	
	9.3.1.x
	This IE applies to GBR bearers only and shall be ignored otherwise.
	-
	





[bookmark: _Toc481568514][bookmark: _Toc483414740][bookmark: _Toc483415418][bookmark: _Toc483418942][bookmark: _Toc491324857][bookmark: _Toc496000492]9.3.1.x	GBR QoS Flow Information
Editor’s Note:	Further details FFS.
This IE indicates the maximum and guaranteed bit rates of a GBR QoS flow for downlink and uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Maximum Flow Bit Rate Downlink
	M
	
	Bit Rate
9.3.1.y
	Maximum Bit Rate in DL. Details in TS 23.501 [x].
	-
	-

	Maximum Flow Bit Rate Uplink
	M
	
	Bit Rate
9.3.1.y
	Maximum Bit Rate in UL. Details in TS 23.501 [x].
	-
	-

	Guaranteed Flow Bit Rate Downlink
	M
	
	Bit Rate
9.3.1.y
	Guaranteed Bit Rate (provided there is data to deliver) in DL. Details in TS 23.501 [x].
	-
	-

	Guaranteed Flow Bit Rate Uplink
	M
	
	Bit Rate
9.3.1.y
	Guaranteed Bit Rate (provided there is data to deliver). Details in TS 23.501 [x].
	-
	-




[bookmark: _Toc491324854][bookmark: _Toc496000486]9.3.1.y	Bit Rate
This IE indicates the number of bits delivered by gNB-CU in DL or to gNB-CU in UL within a period of time, divided by the duration of the period. It is used, for example, to indicate the maximum or guaranteed bit rate for a GBR QoS flow, or an aggregated maximum bit rate.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Bit Rate
	M
	
	INTEGER (0.. 4,000,000,000,000,…)
	The unit is: bit/s




[bookmark: _Toc496000512]9.3.1.xx	Allocation and Retention Priority
This IE specifies the relative importance of a QoS flow compared to other QoS flows for allocation and retention of NG-RAN resources.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation and Retention Priority
	
	
	
	

	>Priority Level
	M
	
	INTEGER(1..15)
	Desc.: This IE defines the relative importance of a resource request (see TS 23.501 [x]).
Usage: Values are ordered in decreasing order of priority, i.e., with 1 as the highest priority and 15 as the lowest priority. Further usage is defined in TS 23.501 [x].

	>Pre-emption Capability
	M
	
	ENUMERATED(shall not trigger pre-emption, may trigger pre-emption)
	Desc.: This IE indicates the pre-emption capability of the request on other QoS flows.
Usage: The QoS flow shall not pre-empt other QoS flows or, the QoS flow may pre-empt other QoS flows.
The Pre-emption Capability indicator applies to the allocation of resources for a QoS flow and as such it provides the trigger to the pre-emption procedures/processes of the NG-RAN node.

	>Pre-emption Vulnerability
	M
	
	ENUMERATED(not pre-emptable, pre-emptable)
	Desc.: This IE indicates the vulnerability of the QoS flow to pre-emption of other QoS flows.
Usage: The QoS flow shall not be pre-empted by other QoS flows or the QoS flow may be pre-empted by other QoS flows. The Pre-emption Vulnerability indicator applies for the entire duration of the QoS flow, unless modified and as such indicates whether the QoS flow is a target of the pre-emption procedures/processes of the NG-RAN node.



[bookmark: _Toc496000511]9.3.1.yy	Non-standardised QoS Flow Descriptor
This IE indicates the QoS parameters for a Non-standardised QoS flow for downlink and uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Non-standardised QoS Flow Descriptor
	
	
	
	

	>Resource Type
	M
	
	ENUMERATED(GBR, Non-GBR)
	

	>Priority Level
	M
	
	<ref>
	For details see TS 23.501 [x].

	>Packet Delay Budget
	M
	
	<ref>
	For details see TS 23.501 [x].

	>Packet Error Rate
	M
	
	<ref>
	For details see TS 23.501 [x].

	>Averaging Window
	O
	
	<ref>
	For details see TS 23.501 [x].
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Introduction


 


At the last RAN


3 meeting it 


w


as discussed how the aggregated QoS for a DRB is determined. Three types of 


solutions were identified:


 


 


1)


 


gNB


-


CU 


forwards


 


QoS


 


Flow QoS Information r


e


ce


ived over NG


 


to gNB


-


DU. gNB


-


DU decides the 


aggregate DRB QoS and communicates it back to gNB


-


CU


 


 


2)


 


 


gNB


-


CU 


takes into consideration


 


QoS


 


Flow QoS Information r


e


ce


ived over NG


 


to determine the 


aggregate DRB QoS. gNB


-


CU forwards the DRB QoS to gNB


-


DU


 


 


3)


 


gNB


-


CU 


takes into consideration


 


QoS


 


Flow QoS Information r


e


ce


ived over NG


 


to determine the 


aggregate D


RB QoS. gNB


-


CU forwards to gNB


-


DU the QoS Flow QoS Information 


and the DRB QoS. 


If gNB


-


DU cannot fulfil the DRB QoS received, gNB


-


DU determines the DRB QoS that can be 


admitted, gNB


-


DU admits such DRB QoS and signals it to gNB


-


CU


 


 


No conclusion on this top


ic 


has so far been reached


. This paper discusses the problem further and proposes 


ways forward.


 


2


 


Discussion 


 


The issue 


that makes the QoS problem in NG RAN different from LTE is that a DRB does not map to a single 


QoS Flow. A gNB


-


CU may map multiple and dif


ferent QoS Flows to a single DRB. The QoS flows that may be 


mapped to a single DRB could have different QoS parameters, for example, high throughput, low delay, low 


jitter, etc.


 


In a situation where the gNB


-


CU needs to decide the “aggregate” DRB QoS to be 


fulfilled by the gNB


-


DU, it is 


extremely likely that the gNB


-


CU will simply select the most stringent QoS parameters for each QoS Flow 


mapped to the DRB. 


This is because the gNB


-


CU does 


not


 


have knowledge of the radio conditions monitored 


by the gNB


-


DU, th


e resources available to the gNB


-


DU and the scheduling/RRM policies supported by the 


gNB


-


DU.


 


The latter results in a situation where the overall DRB QoS may become 


extremely


 


difficult to 


fulfil, due to 


stringent requirements for each QoS parameters.  In th


is case the gNB


-


DU, who is the node holding the 


functions of scheduling and resource manag


ement


, may not be able to admit the DRB QoS signalled by the 


gNB


-


CU. This situation will lead to a DRB setup failure, which will halt any UP communication with the UE


.


 


It may be commented that an implementation may choose to map similar QoS flows to the same DRB. 


However, this cannot be 


guaranteed,


 


and it depends on factors 


that cannot be controlled by the RAN, such as 


maximum number of DRBs supported by the UE and num


ber of QoS Flows/services requested by the UE. 
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