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Introduction

In this paper, we provide further analysis on the scenario that one PDU session served by multiple CU-UPs. 
Discussion
2.1 Background
According to TS38.401:

The gNB-CU-CP selects the appropriate gNB-CU-UP(s) for the requested services for the UE.

During PDU session establishment, the CU-CP will identify the service property first. By considering the load status and supported service property of each CU-UP, the CU-CP will choose one or more suitable CU-UPs to serve this UE according to the specific service requirement. The below Figure1 shows the example that UE served by multiple CU-UPs.
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                                 Figure1: UE served by multiple CU-UPs

Therefore, during the NG PDU session setup procedure and NG Initial UE Context Setup procedure, there has the possibility that even for one PDU Session, the CU-CP will feedback with multiple GTP-U tunnel endpoints corresponding to the multiple CU-UP nodes.

Here we analyze the above scenario as below:

2.1.1 Control plane impact 
In current TS38.413, the structure of the PDU SESSION RESOURCE SETUP RESPONSE message (take an example) is listed as below:
9.2.1.2
PDU SESSION RESOURCE SETUP RESPONSE

This message is sent by the NG-RAN node as a response to the request to assign resources on Uu and NG-U for one or several PDU session resources. 

Direction: NG-RAN node ( AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	ignore

	PDU Session Resource Setup Response List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Setup Response Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session Resource Setup Response Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Response Transfer IE specified in subclause 9.3.4.2.
	-
	

	PDU Session Resource Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Failed to Setup Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session Resource Setup Unsuccessful Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Unsuccessful Transfer IE specified in subclause 9.3.4.16.
	-
	

	Criticality Diagnostics 
	O
	
	9.3.1.3
	
	YES
	ignore


9.3.4.2
PDU Session Resource Setup Response Transfer

This IE is transparent to the AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL QoS Flow per TNL Information
	M
	
	QoS Flow per TNL Information

9.3.2.8
	NG-RAN node endpoint of the NG-U transport bearer for delivery of DL PDUs, together with associated QoS flows.

	Additional DL QoS Flow per TNL Information
	O
	
	QoS Flow per TNL Information List
9.3.2.1
	NG-RAN node endpoint of the additional NG-U transport bearer(s) for delivery of DL PDUs for split PDU session, together with associated QoS flows.

	Security Result
	O
	
	9.3.1.59
	

	QoS Flow Failed to Setup List
	O
	
	QoS Flow List with Cause

9.3.1.13
	


According to the minutes of RAN3#103bis, in current release, 2 SDAP entities for the same PDU session in the same node are not supported. That means multiple UPs for one PDU session is not allowed in R15 in RAN3.

However, from RAN2 point of view, only the security configuration should be the same for multiple DRBs, the other UP related configuration is per DRB based which means each CU-UP can manage it by itself. If all the UPs are located in the same security domain, then the security configuration for each UP is the same. 
In order to support multiple GTP-U tunnel endpoints corresponding to the multiple CU-UP nodes for one PDU session, the stage2 TP in TS37.340 as below can cover this scenario as well:

Split PDU Session (or PDU Session split): a PDU Session whose QoS Flows are served by more than one SDAP entities in the NG-RAN. 

In R16, considering the refinement of variants services requirements, different QoS flows will be served by different UPs. Though Additional DL QoS Flow per TNL Information IE in current TS38.413 can support max 3 TNL addresses, it also clearly stated that the current version of the specification supports 1.

And the “PDU Session Resource Setup Response Item IEs” also needs to be updated as below:

9.3.2.1
QoS Flow per TNL Information List

This IE is used to provide a list of additional UP transport layer information for a split PDU session, along with the associated QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Flow per TNL Information Item
	
	1..<maxnoofMultiConnectivityMinusOne>
	
	

	>QoS Flow per TNL Information
	M
	
	9.3.2.8
	


	Range bound
	Explanation

	maxnoofMultiConnectivityMinusOne
	Maximum no. of connectivity allowed for a UE minus one. Value is 3.


Proposal1: The limitation on the Additional DL QoS Flow per TNL Information IE over NG interface should be removed.
2.1.2 Reflective QoS/Flow remapping impact 
In the case of Reflective QoS/Flow remapping, there has the possibility that one QoS flow switches from one UP to another UP. The signalling flow is shown as below:
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Figure 1: QoS flows offloading from gNB-CU-UP1 to gNB-CU-UP2

1-2.
The gNB-CU-CP decides to switches the QoS flow from the gNB-CU-UP1 to the gNB-CU-UP2, it triggers the Bearer Context Modification procedure towards the gNB-CU-UP2, including the new DRB to be setup or the DRB to be modified corresponding to the switched-in QoS flow. In the response message, the Data Forwarding Information should be provided as well.
3-4.   The gNB-CU-CP triggers the Bearer Context Modification procedure towards the gNB-CU-UP1 including the DRB to be removed or DRB to be modified corresponding to the switched-out QoS flow. The the Data Forwarding Information from the gNB-CU-UP2 is transferred to the gNB-CU-UP1 by the gNB-CU-CP. 

5-6.  The gNB-CU-CP sends the RRC reconfiguration message to the UE, the UE applies the new configuration and replies with RRC reconfiguration complete message.

Note: In the case of Reflective QoS, the gNB-CU-UP2 sends SDAP control PDU towards UE in stead of RRC procedure in step5-6.
6a1-6a3.
For downlink data transmission, if in-order delivery is required, the gNB-CU-UP1 forwards the DL packets to the gNB-CU-UP2 for that QoS flow using the data forwarding address received from the gNB-CU-CP. After the UP path towards the 5GC is performed in step7 and step8, the DL GTP-U end marker packet will be received by the the gNB-CU-UP1and then forwarded to the gNB-CU-UP2.
6b1-6b3.
For uplink data transmission, if in-order delivery is required, the gNB-CU-UP2 buffers the first packets received from the UE for this switched QoS flow until it receives UL GTP-U end marker packets over the UL forwarding tunnel indicating that the the gNB-CU-UP1 has delivered all UL packets from the source side to UPF for that QoS flow. Then the gNB-CU-UP2 starts delivering UL packets to UPF for that QoS flow using the UPF UL TEID address received from the gNB-CU-CP.

7-8.
The gNB-CU-CP uses the PDU Session Resource Modify Indication to inform the 5GC that the PDU session is updated and which QoS flows are associated with which DL tunnel. The 5GC confirms with PDU Session Resource Modify Confirm and allocates corresponding uplink tunnels.

Proposal2: The Reflective QoS/Flow remapping can be performed with current E1AP procedures, the above stage2 signalling flow needs to be captured in stage2.

Proposal3: The corresponding CRs are provided in [1][2].

Conclusion
The following proposal is provided:

Proposal1: The corresponding CRs are provided in [1][2].
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