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1	Discussion
In [1], RAN2 has discussed asymmetric mapping for UL and DL QoS flows. It is RAN2’s understanding that gNB may map UL and DL for a QoS flow to different DRBs, and RAN2 has confirmed that the current RAN2 protocols allow asymmetric mapping.
The table below (refer to [2]) shows that if RDI of DL in SDAP is set to “0”, i.e the RDI does not indicate a reflective remapping of a (UL) QoS flow when DL QoS flow is mapped to this DRB, resulting in that a DRB mapping of a UL QoS flow is different to the DL QoS flow to achieving “asymmetric mapping”.

	
	Explicit Configuration
	Reflective Mapping

	Symmetric Mapping
	By including UL QoS flow in mappedQoS-FlowsToAdd field of SDAP-Config for the DRB to which DL QoS flow has been mapped
	By setting RDI of DL SDAP PDU to ‘1’ when DL QoS flow is (re)mapped

	Asymmetric Mapping
	By including UL QoS flow in mappedQoS-FlowsToAdd field of SDAP-Config for different DRB
	By setting RDI of DL SDAP PDU to ‘0’ when DL QoS flow is (re)mapped



Observation 1	by setting RDI of DL SDAP PDU to “0” when DL QoS flow is remapped, the UE may map the UL QoS flow to a DRB different from the DL QoS Flow to DRB mapping.
Observation 2: the mapping configuration by RRC is only for the UE UL SDAP (as in the table).
2	RAN3 specification related to QoS and DRB mapping
In the below section, we investigate the different RAN3 specifications related to QoS and DRB mapping. The current NBAP/XnAP/F1AP/E1AP only support symmetric UL and DL QoS flow to DRB mapping.
2.1	F1AP
In UE context management messages, the QoS flow to DRB mapping is provided from CU to DU, and the response is given from DU to CU.
Take the UE CONTEXT SETUP REQUEST (gNB-CU -> gNB-DU) as an example: a list of DRB to be setup is provided, for each DRB, the QoS flows mapped are indicated, together with the QoS parameters, including some QoS parameters for UL and DL.
	*********************************************************Skip unrelated****************


	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
	M
	
	
	
	YES
	reject

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

	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases
	
	

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	-

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

	>>>>>QoS Flow Indicator
	M
	
	9.3.1.63
	
	
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	
	



2.2	E1AP

In Bearer Context Management procedures, the DRB to QoS flow mapping information is provided from CU-CP to CU-UP. The structure is similar to that in F1AP for the UE Context management.

	*********************************************************Skip unrelated****************


	>NG-RAN
	
	
	
	
	
	

	>>PDU Session Resource To Setup List
	
	1
	
	
	YES
	reject

	>>>PDU Session Resource To Setup Item
	
	1..<maxnoofPDUSessionResource>
	
	
	-
	-

	>>>>PDU Session ID 
	M
	
	9.3.1.21
	
	-
	-

	*********************************************************Skip unrelated****************


	>>>>DRB To Setup List
	
	1
	
	
	-
	-

	>>>>>DRB To Setup Item 
	
	1..<maxnoofDRBs>
	
	
	-
	-

	>>>>>>DRB ID
	M
	
	9.3.1.16
	
	-
	-

	>>>>>>SDAP Configuration
	M 
	
	9.3.1.39
	
	-
	-

	>>>>>>PDCP Configuration
	M
	
	9.3.1.38
	
	-
	-

	>>>>>>Cell Group Information
	M
	
	9.3.1.11
	The gNB-CU-UP shall provide one UL UP Transport Layer Information Item per cell group entry.
	-
	-

	>>>>>>Flow Mapping Information 
	M
	
	QoS Flow QoS Parameters List
9.3.1.25
	
	-
	-

	*********************************************************Skip unrelated****************



2.3	XnAP
Related to Handover, this is similar to NGAP, a QoS flow to DRB mapping is provided from the source RAN to the target RAN. Refer to 2.4.
Related to DC:
In DC related procedure, the QoS flow to DRB mapping are provided. Take an example in S-NODE ADDITION REQUEST, for SN terminated bearer option, SN will send back to MN:
	
*********************************************************Skip unrelated********************************************


	DRBs To Be Setup List
	
	1
	
	
	–
	

	>DRBS to Be Setup Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>SN UL PDCP UP TNL Information
	M
	
	UP Transport Layer Information 9.2.3.30
	S-NG-RAN node endpoint of a DRB’s Xn transport bearer at its PDCP resource. For delivery of UL PDUs.
	–
	

	>>DRB QoS
	M
	
	QoS Flow Level QoS Parameters
9.2.3.5
	
	–
	

	>>PDCP SN Length
	O
	
	9.2.3.63
	Indicates the PDCP SN length of the DRB.
	–
	

	>>RLC Mode
	O
	
	9.2.3.28
	
	–
	

	>>secondary SN UL PDCP UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	S-NG-RAN node endpoint of a DRB’s Xn transport bearer at its PDCP resource. For delivery of UL PDUs in case of PDCP duplication.
	–
	

	>>Duplication activation
	O
	
	9.2.3.71
	Information on the initial state of UL PDCP duplication
	–
	

	>>QoS Flows Mapped To DRB List
	
	1
	
	
	–
	

	>>>QoS Flows To Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	–
	

	>>>>QoS Flow Indicator 
	M
	
	9.2.3.10
	
	–
	

	>>>>MCG requested GBR QoS Flow Information 
	O
	
	GBR QoS Flow Information
9.2.3.6
	This IE contains GBR QoS Flow Information necessary for the MCG part. 
	–
	



2.4	NGAP
[bookmark: _Toc518049031]Source NG-RAN Node to Target NG-RAN Node Transparent Container
This IE is produced by the source NG-RAN node and is transmitted to the target NG-RAN node. For inter-system handovers to 5G, the IE is transmitted from the external handover source to the target NG-RAN node.
This IE is transparent to the 5GC.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC HandoverPreparationInformation message as defined in TS 38.331 [18] if the target is a gNB.
Includes the RRC HandoverPreparationInformation message as defined in TS 36.331 [21] if the target is an ng-eNB.

	PDU Session Resource Information List
	
	0..1
	
	For intra-system handovers in NG-RAN.

	>PDU Session Resource Information Item
	
	1..<maxnoofPDUSessions>
	
	

	>>PDU Session ID
	M
	
	9.3.1.50
	

	>>QoS Flow Information List
	
	1
	
	

	>>>QoS Flow Information Item
	
	1..<maxnoofQoSFlows>
	
	

	>>>>QoS Flow Indicator
	M
	
	9.3.1.51
	

	>>>>DL Forwarding
	O
	
	9.3.1.33
	

	>>DRBs to QoS Flows Mapping List
	
	
	9.3.1.34
	

	E-RAB Information List
	
	0..1
	
	For inter-system handovers to 5G.

	>E-RAB Information Item
	
	1..<maxnoofE-RABs>
	
	

	>>E-RAB ID
	M
	
	9.3.2.3
	

	>>DL Forwarding
	O
	
	9.3.1.33
	

	Target Cell ID
	M
	
	NG-RAN CGI
9.3.1.73
	

	Index to RAT/Frequency Selection Priority
	O
	
	9.3.1.61
	

	UE History Information
	M
	
	9.3.1.95
	



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.

	maxnoofE-RABs
	Maximum no. of E-RABs allowed towards one UE. Value is 256.



[bookmark: _Toc518049036]DRBs to QoS Flows Mapping List
This IE contains a list of DRBs containing information about the mapped QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DRBs to QoS Flows Mapping Item
	
	1..<maxnoofDRBs>
	
	

	>DRB ID
	M
	
	9.3.1.53
	

	>Associated QoS Flow List
	M
	
	9.3.1.99
	Contains information of the QoS flows mapped to the DRB




Proposal 1: The current specification do not support asymmetric UL and DL QoS flows to DRB mapping, as it assumes the UL and DL will be mapped to the same DRB.
Proposal 2: RAN3 to discuss if to introduce the support of asymmetric UL QoS flow to DRB mapping.

2.5	Alternative solutions to modify the specification in backwards compatible way
If RAN3 decides to change the current specification, it is very important that the any change should be introduced in the backwards compatible way.
We have two alternatives to propose, take the DRBs to QoS Flows Mapping List IE in TS 38.413.
Alternative 1:
DRBs to QoS Flows Mapping List
This IE contains a list of DRBs containing information about the mapped QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DRBs to QoS Flows Mapping Item
	
	1..<maxnoofDRBs>
	
	

	>DRB ID
	M
	
	9.3.1.53
	

	[bookmark: _Hlk525929347]>Associated QoS Flow List
	M
	
	9.3.1.99
	Contains information of the QoS flows mapped to the DRB.
The UL QoS flow is not mapped to the DRB if included in the Not Mapped UL Associated QoS Flow List IE.

	>Not Mapped UL Associated QoS Flow List
	O
	
	Associated QoS Flow List
9.3.1.99
	Contains information of the UL QoS flows which are not mapped to the DRB.

	>Asymmetric UL Associated QoS Flow List
	O
	
	Associated QoS Flow List
9.3.1.99
	Contains information of the UL QoS flows mapped to the DRB in asymmetric QoS flow to DRB mapping.



In this solution, the receiving node goes through the “DRB to QoS Flows Mapping” list, and for each DRB, it checks the “Associated QoS Flow List”, and for all the QoS flows not included in the “Not Mapped UL Associated QoS Flow List”, the DL and UL of the QoS flows are symmetrically mapped to the given DRB; for the QoS flows included in the “Not Mapped UL Associated QoS Flow List”, only their DL QoS flow is mapped to the given DRB.
For the QoS flows included in the “Asymmetric UL Associated QoS Flow List”, the UL of these QoS flows are mapped to the given DRB.
When the receiving node goes through all the DRBs, it will find out to which DRB the DL of the QoS flows included in the “Asymmetric UL Associated QoS Flow List” is mapped.
For the vendors not use asymmetric UL and DL QoS flow to DRB mapping, there should be no change to the implementation.

Alternative 2:
DRBs to QoS Flows Mapping List
This IE contains a list of DRBs containing information about the mapped QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DRBs to QoS Flows Mapping Item
	
	1..<maxnoofDRBs>
	
	

	>DRB ID
	M
	
	9.3.1.53
	

	>Associated QoS Flow List
	M
	
	9.3.1.99
	Contains information of the QoS flows mapped to the DRB

	Asymmetric UL QoS Flows to DRB Mapping Item
	
	0..<maxnoofDRBs>
	
	

	>DRB ID
	M
	
	9.3.1.53
	

	>Associated UL QoS Flow List
	M
	
	9.3.1.99
	Contains information of the UL QoS flows mapped to the DRB in asymmetric QoS flow to DRB mapping.



In this solution, the receiving node first go through the “DRBs to QoS Flows Mapping Item” for all the UL and DL QoS flow mapped to the given DRB; 
Then the receiving node secondly go through the “Asymmetric UL QoS Flows to DRB Mapping Item” to find out which UL QoS flows are mapped to the given DRB.
After the receiving node has processed the two list, it could figure out which QoS flows are symmetrically mapped to the DRB, and which QoS flows are asymmetrically mapped, and to which DRB the UL and the DL of the QoS flow are mapped.
The problem with this solution is that the change to the ASN.1 code in some of the specification is hard to archive backwards compatible. Also there is an extra loop to process.
We consider the Alternative 1 is simpler to be implemented.
Proposal 3: RAN3 to agree if to support the asymmetric UL QoS flow to DRB mapping, the current structure is maintained to be backwards compatibility. The additional information to handle the Asymmetric UL QoS flow mapping is added as an optional IE.

3	Conclusion
Observation 1	by setting RDI of DL SDAP PDU to “0” when DL QoS flow is remapped, the UE may map the UL QoS flow to a DRB different from the DL QoS Flow to DRB mapping.
Observation 2: the mapping configuration by RRC is only for the UE UL SDAP (as in the table).
Proposal 1: The current specification do not support asymmetric UL and DL QoS flows to DRB mapping, as it assumes the UL and DL will be mapped to the same DRB.
Proposal 2: RAN3 to discuss if to introduce the support of asymmetric UL QoS flow to DRB mapping.
Proposal 3: RAN3 to agree if to support the asymmetric UL QoS flow to DRB mapping, the current structure is maintained to be backwards compatibility. The additional information to handle the Asymmetric UL QoS flow mapping is added as an optional IE. 
The text proposal is included in this paper for NGAP, and the change to the other specifications are submitted in [3] to [5].
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-------------------------------
Start the first change!
-------------------------------
9.3.1.34	DRBs to QoS Flows Mapping List
This IE contains a list of DRBs containing information about the mapped QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DRBs to QoS Flows Mapping Item
	
	1..<maxnoofDRBs>
	
	
	
	

	>DRB ID
	M
	
	9.3.1.53
	
	–
	–

	>Associated QoS Flow List
	M
	
	9.3.1.99
	Contains information of the QoS flows mapped to the DRB.
The UL QoS flow is not mapped to the DRB if included in the Not Mapped UL Associated QoS Flow List IE.
	–
	–

	>Not Mapped UL Associated QoS Flow List
	O
	
	Associated QoS Flow List
9.3.1.99
	Contains information of the UL QoS flows which are not mapped to the DRB.
	YES
	ignore

	>Asymmetric UL Associated QoS Flow List
	O
	
	Associated QoS Flow List
9.3.1.99
	Contains information of the UL QoS flows mapped to the DRB in asymmetric QoS flow to DRB mapping.
	YES
	ignore




------------------------
Skip to next change
------------------------
[bookmark: _Toc525567719]9.4.5	Information Element Definitions
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

NGAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS

	maxnoofAllowedAreas,
	maxnoofAllowedS-NSSAIs,
	maxnoofBPLMNs,
	maxnoofCellIDforWarning,
	maxnoofCellinAoI,
	maxnoofCellinEAI,

------------------------
Skip to next change 
------------------------

DRB-ID ::= INTEGER (1..32, ...)

DRBsToQosFlowsMappingList ::= SEQUENCE (SIZE(1..maxnoofDRBs)) OF DRBsToQosFlowsMappingItem

DRBsToQosFlowsMappingItem ::= SEQUENCE {
	dRB-ID								DRB-ID,
[bookmark: _Hlk525829673]	associatedQosFlowList				AssociatedQosFlowList,
	iE-Extensions		ProtocolExtensionContainer { {DRBsToQosFlowsMappingItem-ExtIEs} }		OPTIONAL,
	...
}

DRBsToQosFlowsMappingItem-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	{ ID id-NotMappedUL-associatedQosFlowList		CRITICALITY ignore	EXTENSION	AssociatedQosFlowList	PRESENCE optional}|
	{ ID id-AsymmetricUL-associatedQosFlowList		CRITICALITY ignore	EXTENSION	AssociatedQosFlowList	PRESENCE optional},
	...
}


------------------------
Skip to next change
------------------------
[bookmark: _Toc525567721]9.4.7	Constant Definitions
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

NGAP-Constants { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-Constants (4) } 

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************
--
-- IE parameter types from other modules.
--
-- **************************************************************

IMPORTS

	ProcedureCode,
	ProtocolIE-ID
FROM NGAP-CommonDataTypes;

------------------------
Skip to next change 
------------------------


	id-UnavailableGUAMIList									ProtocolIE-ID ::= 120
	id-UserLocationInformation								ProtocolIE-ID ::= 121
	id-WarningAreaList										ProtocolIE-ID ::= 122
	id-WarningMessageContents								ProtocolIE-ID ::= 123
	id-WarningSecurityInfo									ProtocolIE-ID ::= 124
	id-WarningType											ProtocolIE-ID ::= 125
	id-NotMappedUL-associatedQosFlowList					ProtocolIE-ID ::= xxx
	id-AsymmetricUL-associatedQosFlowList					ProtocolIE-ID ::= xxx
END

