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Introduction
In the previous RAN3 meeting the issue that the current X2 and Xn Setup procedures may lead to failure cases due to generation of very large size messages was discussed. To recap what the issue is let us recall that en-gNB and a gNB can support a maximum of 16384 cells.  	
When an EN-DC X2 Setup Request/Response is issued by an en-gNB or when an Xn Setup Request/Response is issued by a gNB, the message may contain a List of Served NR Cells IE of up to 16384 cells. For each of the listed NR cells there could be a list of neighbouring cells, the NR Neighbour Information IE, which could reach a maximum of 1024 neighbour cells. The result is a potential maximum of 16384x1024 == 16.777.216 cell information in one ASN.1 encoded message. 
Obviously, it is up to implementation how to dimension the memory of an eNB/NG-RAN node. Such memory would need to be dimensioned to allow storage of the full ASN.1 encoded message in order to allow the node to decode it correctly. However, given the very high number of cells that could be listed in the messages in question, it should be acknowledged that there might be implementations where the overall available memory in a RAN node may not be sufficient to host a message with a high number of cells information.
Conclusion 1: The current standard allows for inclusion of information for up to 16.777.216 cells in one of the EN-DC X2 Setup Request/Response messages or Xn Setup Request/Response messages. There might be implementations that are not able to correctly decode messages with very high numbers of cells information due to memory and ASN.1 decoding capacity limitations.

Discussion
In the previous meeting the following was documented as a possible way forward in R3-194619: 
It is acknowledged that EN-DC X2 Setup and Xn Setup messages may become excessively large due to the addition of numerous served and neighbour cell information, to the point of generating procedure failures at the node receiving such over-sized messages

The following was also acknowledged:

The group acknowledges that RAN3 shall work toward finding a solution to the problem above, that avoids procedure failures due to reception of over-sized messages.

It was also discussed that potential solutions to solve the issue above may involve the following parts:

· Removal from X2 and Xn specifications of the mandate for a gNB/en-gNB to signal a full list of served cells
· Inclusion in EN-DC X2 Setup and Xn Setup messages of an indication of whether the list of served cells included is full or partial
· Inclusion in EN-DC X2 Setup and Xn Setup messages of an indication of the information for the maximum message size that the sending node can decode, e.g. maximum number of cell
· Inclusion in the in EN-DC X2 Setup Failure and Xn Setup Failure messages of an indication that the failure is due to too large message size
· Inclusion in the partial list of cells signalled by a node of one cell per carrier supported by the sending node 


In light of the above conclusion, the standard should address the case where an eNB or an NG-RAN node receives an “oversized” EN-DC X2 Setup Request/Response or Xn Setup Request/Response message. 
If this is not achieved, the following will happen:
· EN-DC X2 Setup/Xn Setup procedures will faile due to over-sized messages. This implies that features like EN-DC, MR-DC and Xn handoverswill not be possible to run
· To avoid the above issue, am upgrade to legacy eNB hardware is likely to be required, which has significant impact on operators.
· On the other hand, some of the information forming the over-sized message may be unnecessary or can be indicated in separate messages (i.e. configuration update messages), hence they could be omitted to allow reduction of the message size and avoid the issue at all. 

Hence, there should be solutions where the procedure is not simply rejected, because that alternative would lead to making it impossible to setup an interface at all between the nodes involved.
Proposal 1: 3GPP should address the case of oversized EN-DC X2 Setup Request/Response and Xn Setup Request/Response messages with solutions that avoid failures or rejections of the procedure
In order to achieve the target in Proposal 1 the standard should be changed to avoid that the EN-DC X2 Setup Request/Response and Xn Setup Request/Response contain a full list of cells. In EN-DC it could still be feasible that an eNB responds with a full list of cells because the maximum number of cells an eNB can support is 256, i.e. a limited number. However, in all other cases (where the maximum number of supported cells is 16384), the standard should not mandate that the interface setup procedure includes a full list of cells. In order to make it clear whether the list of cells included in the setup procedure is full or partial, a new flag should be added by the sending node.
Below are excerpts of the standard with highlights on the parts that should be changed to eliminate the mandate of sending a full list of cells:

From TS 36.423:

[bookmark: _Toc5690944]8.7.1	EN-DC X2 Setup
[...]
[bookmark: _Toc5690946]8.7.1.2	Successful Operation


Figure 8.7.1.2-1: eNB Initiated EN-DC X2 Setup, successful operation


Figure 8.7.1.2-2: en-gNB Initiated EN-DC X2 Setup, successful operation
eNB initiated EN-DC X2 Setup:
An eNB initiates the procedure by sending the EN-DC X2 SETUP REQUEST message to a candidate en-gNB. The candidate en-gNB replies with the EN-DC X2 SETUP RESPONSE message. The initiating eNB shall transfer the complete list of its served cells to the candidate en-gNB. The candidate en-gNB shall reply with the complete list of its served cells.
[…]
en-gNB initiated EN-DC X2 Setup:
An en-gNB initiates the procedure by sending the EN-DC X2 SETUP REQUEST message to a candidate eNB. The candidate eNB replies with the EN-DC X2 SETUP RESPONSE message. The initiating en-gNB shall transfer the complete list of its served cells to the candidate eNB. The candidate eNB shall reply with the complete list of its served cells.
[…]
[bookmark: _Toc5691076]9.1.2.31	EN-DC X2 SETUP REQUEST
This message is sent by an initiating node to a neighbouring node, both nodes able to interact for EN-DC, to transfer the initialization information for a TNL association.
[bookmark: OLE_LINK90]Direction: eNB  en-gNB, en-gNB  eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	
	

	[bookmark: _Hlk494379131]>eNB
	
	
	
	
	
	

	>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours

	YES
	ignore

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	
	YES
	reject

	>>List of Served NR Cells
	
	1 .. <maxCellinengNB>
	
	Complete list of cells served by the engNB.
	YES
	reject

	[bookmark: OLE_LINK82]>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours.
	YES
	ignore



	[bookmark: OLE_LINK85]Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.



[bookmark: _Toc5691077]9.1.2.32	EN-DC X2 SETUP RESPONSE
This message is sent by a neighbouring node to an initiating node, both nodes able to interact for EN-DC, to transfer the initialization information for a TNL association.
[bookmark: OLE_LINK94][bookmark: OLE_LINK93][bookmark: OLE_LINK91]Direction: eNB  en-gNB, en-gNB  eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	[bookmark: _Hlk495435295]CHOICE Responding NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	[bookmark: _Hlk495435653]>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours

	YES
	ignore

	[bookmark: _Hlk495436429]>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	
	YES
	reject

	>>List of Served NR Cells
	
	[bookmark: OLE_LINK87]1 .. <maxCellinengNB>
	
	[bookmark: OLE_LINK88]Complete list of cells served by the en-gNB
	YES
	reject

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours
	YES
	ignore



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	[bookmark: OLE_LINK89][bookmark: _Hlk485374464][bookmark: _Hlk495678021]maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.



From TS 38.423:

[bookmark: _Toc5691960]9.1.3.1	XN SETUP REQUEST
This message is sent by a NG-RAN node to a neighbouring NG-RAN node to transfer application data for an Xn-C interface instance.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	YES
	reject

	TAI Support List
	M
	
	9.2.3.20
	List of supported TAs and associated characteristics.
	YES
	reject

	AMF Set Information
	M
	
	9.2.3.83
	List of all the AMF Sets to which the NG-RAN node belongs.
	YES
	reject

	List of Served Cells NR
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	Complete list of cells served by the gNB
	YES
	reject

	>Served Cell Information NR
	M
	
	9.2.2.11
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	List of Served Cells E-UTRA
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	Complete list of cells served by the ng-eNB.
	YES
	reject

	>Served Cell Information E-UTRA
	M
	
	[bookmark: OLE_LINK207]9.2.2.12
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	



	Range bound
	Explanation

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.



[bookmark: _Toc5691961]9.1.3.2	XN SETUP RESPONSE
This message is sent by a NG-RAN node to a neighbouring NG-RAN node to transfer application data for an Xn-C interface instance.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	YES
	reject

	TAI Support List
	M
	
	9.2.3.20
	List of supported TAs and associated characteristics.
	YES
	reject

	List of Served Cells NR
	
	[bookmark: OLE_LINK307]0 .. <maxnoofCellsinNG-RAN node>
	
	Complete list of cells served by the gNB
	YES
	reject

	>Served Cell Information NR
	M
	
	9.2.2.11
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	List of Served Cells E-UTRA
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	Complete list of cells served by the ng-eNB
	YES
	reject

	>Served Cell Information E-UTRA
	M
	
	9.2.2.12
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.



Proposal 2: It is proposed to amend TS 36.423 and TS 38.423 to remove the mandate for a node to send a full list of cells during EN-DC X2 Setup and Xn Setup procedures. eNBs in EN-DC X2 Setup can still provide a full list of cells as it is of limited size. A flag indicating whether the list of served cells is full or partial should be added, to allow for clear interpretation of the received information.

On top of removing the mandate of signalling a full list of cells, the EN-DC Setup Request and Xn Setup Request should also be enhanced with information on the maximum message size the sending node can support. Namely, a node sending an EN-DC X2 Setup Request, for example, should be able to indicate to the peer node that it would like to receive back a limited list of cells. This would avoid decoding issues when receiving the response message. 

Proposal 3: The EN-DC X2 Setup Request and Xn Setup Request should be enhanced with an indication of the maximum cell list size the sending node is able to receive

[bookmark: _Hlk16842882]Finally, the EN-DC X2 Setup Failure and the Xn Setup Failure messages should be enhanced with indications that the procedure has failed due to too large message size. This would allow the node receiving the failure message to determine that any future interface setup towards the peer node needs to be performed with a reduced message size, i.e. by including a reduced number of served cells. Additionally, the messages could also include information regarding the maximum number of cells the node generating the failure can receive as part of the served cell information. This allows that, in future attempts of EN-DC X2 and Xn establishments, the node triggering the procedure signals information for served cells in a number that is within the limits indicated by the node where the failure occurred. 

Proposal 4: The EN-DC X2 Setup Failure and Xn Setup Failure messages should include an indication of failure due to too large message size. Optionally an indication of the maximum cell list size supported by the node where the failure occurred could be included

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this paper it has been explained how according to the current standard a node might not be able to process messages for the EN-DC X2 Setup or Xn Setup procedures, due to the very large number of cell information that might be included in such messages. 
The Paper presents proposals on how the issue could be addressed. Such proposals are listed below and are aimed at allowing different types of implementations to correctly inter-operate, avoiding repeated failure scenarios. 
Conclusion 1: The current standard allows for inclusion of information for up to 16.777.216 cells in one of the EN-DC X2 Setup Request/Response messages or Xn Setup Request/Response messages. There might be implementations that are not able to correctly decode messages with very high numbers of cells information due to memory and ASN.1 decoding capacity limitations.
Proposal 1: 3GPP should address the case of oversized EN-DC X2 Setup Request/Response and Xn Setup Request/Response messages with solutions that avoid failures or rejections of the procedure
Proposal 2: It is proposed to amend TS 36.423 and TS 38.423 to remove the mandate for a node to send a full list of cells during EN-DC X2 Setup and Xn Setup procedures. eNBs in EN-DC X2 Setup can still provide a full list of cells as it is of limited size. A flag indicating whether the list of served cells is full or partial should be added, to allow for clear interpretation of the received information.
Proposal 3: The EN-DC X2 Setup Request and Xn Setup Request should be enhanced with an indication of the maximum cell list size the sending node is able to receive
Proposal 4: The EN-DC X2 Setup Failure and Xn Setup Failure messages should include an indication of failure due to too large message size. Optionally an indication of the maximum cell list size supported by the node where the failure occurred could be included

CRs supporting the proposals above are available in R3-195989 and R3-195991
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