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1. Introduction
In RAN3#102, it was decided to define maxnoofMultiConnectivities = 4 in NGAP, while current version of the specification supports up to 2 connectivity over NG. For XnAP, it was decided to define maxnoofSCellGroups=3, while current version of the specification supports maximum 1 MCG + 1 SCG.
It was also mentioned that
“for MN terminated bearers, more than one Cell Group (apart from an MCG) is (theoretically) possible to be established at the SN.

for SN terminated bearers, more than one Cell Group (including MCG) is possible to established at the MN

Such configurations may be setup, modified and released.”
In this contribution, we shall further look at this issue in more details.
2. Discussion

Firstly, we look at the case that Multi-Connectivity involves only two NG-RAN nodes: one MN and one SN. As shown in Figure 1 below, one typical example of Two NG-RAN nodes - Four-Connectivity is given, where MgNB provides MCG and SCG1, and SgNB provides SCG2 and SCG3. It should be noted that it is not always SN but the MN can also provide SCG to UE, hence for SN terminated bearer, it can also achieve DC based PDCP duplication not only with MCG, but also only with multiple SCGs, e.g. between SCG2 and SCG1 in Figure 1. Similarly, for MN terminated bearer, it can also achieve DC based PDCP duplication not only with MCG, but also only with multiple SCGs, e.g. between SCG2 and SCG3 in Figure 1.
Observation 1: Besides SN, MN can also provide SCG to UE, so for SN terminated bearer, it can also achieve DC based PDCP duplication not only with SCG+MCG, but also only with multiple SCGs across MN and SN; for MN terminated bearer, it can also achieve DC based PDCP duplication not only with MCG+SCG, but also only with multiple SCGs MN and SN.
Proposal 1: Based on above observation, the semantic descriptions with some IE in XnAP needs to be corrected, so that they can be more forward compatible with multi-connectivity case in future.
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Figure 1: Two NG-RAN nodes - Four-Connectivity example
Secondly, multi-Connectivity can also involve more than two NG-RAN nodes, hence in the context of NG interface, the example of Four NG-RAN nodes - Four-Connectivity as shown in Figure 2 should also be considered, where MgNB provides single MCG, SgNB1 provides SCG1, SgNB2 provides SCG2 and SgNB3 provides SCG3 respectively. For such case, it was decided to introduce NG-U TNL info list (1..<maxnoofMultiConnectivities>) for NGAP signalling in RAN3#102, e.g. to deliver multiple UL NG-U UP TNL Information from UPFs, and deliver multiple DL NG-U UP TNL Information from multiple NG-RAN nodes.
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Figure 2: Four NG-RAN nodes - Four-Connectivity example

However, after careful examination through NGAP, there are still some messages/IEs not forward compatible with multi-connectivity case. E.g. in IE “PDU Session Resource Setup Request Transfer”, SMF can provide only one “Additional UL NG-U UP TNL Information”, and in IE “PDU Session Resource Setup Response Transfer”, NG-RAN can provide only one “Additional QoS Flow per TNL Information”, which corresponds to two connectivity case, but not for the case of  maxnoofMultiConnectivities=4.

In contrast, in IE “PDU Session Resource Modify Request Transfer” and “PDU Session Resource Modify Confirm Transfer”, maxnoofMultiConnectivities=4 has been made available such as:
	PDU Session Aggregate Maximum Bit Rate
	O
	
	9.3.1.102
	
	YES
	reject

	UL NG-U UP TNL Modify List
	
	0..1
	
	
	YES
	reject

	>UL NG-U UP TNL Modify Item
	
	1..<maxnoofMultiConnectivities>
	
	
	-
	

	>>UL NG-U UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.2
	UPF endpoint of the NG-U transport bearer, for delivery of UL PDUs.
	-
	

	>>DL NG-U UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.2
	Identifies the NG-U transport bearer at the NG-RAN node.
	-
	


	TNL Mapping List
	
	0..1
	
	

	>TNL Mapping Item
	
	1..<maxnoofMultiConnectivities>
	
	

	>>DL NG-U UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.2
	NG-RAN endpoint of the NG-U transport bearer indicated in the PDU Session Resource Modify Indication Transfer IE.

	>>UL NG-U UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.2
	UPF endpoint of the NG-U transport bearer identified by the above DL NG-U UP TNL Information IE.

	QoS Flow Failed to Modify List
	O
	
	QoS Flow List

9.3.1.13
	


But in other IEs such as “PDU Session Resource Modify Response Transfer”, NG-RAN can provide only one “Additional QoS Flow per TNL Information”, which corresponds to two connectivity case again.

Observation 2: The current NGAP signaling for multi-connectivity=4 is only made partially available in Rel-15, and there are still some messages/IEs not forward compatible with multi-connectivity=4.
Proposal 2: To make NGAP signaling for multi-connectivity = 4 fully consistent and available in Rel-15, so as to avoid “ugly” signaling in future.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: Based on above observation, the semantic descriptions with some IE in XnAP needs to be corrected, so that they can be more forward compatible with multi-connectivity case in future.
Proposal 2: To make NGAP signaling for multi-connectivity = 4 fully consistent and available in Rel-15, so as to avoid “ugly” signaling in future.
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