[bookmark: _GoBack]3GPP TSG RAN WG3 Meeting #98	Tdoc R3-174773
Reno, NV, USA, 27th Nov- 1st Dec 2017

Agenda Item:	10.10.1.1
Source:	Ericsson
Title:	Further discussion about TNL solution for F1-C 
Document for:	pCR TS 38.473

Introduction
During the last RAN3 meeting, it was agreed to specify that multiple SCTP associations are supported over F1-C. However, more discussion is needed to progress from that agreement to a complete solution.
In particular, this contribution highlights the importance of some characteristics the needed solution should have and contains moreover the necessary F1AP modifications.
Proposals from this contribution are marked in yellow highlight.
Discussion 
The disaggregated 3GPP gNB architecture builds upon a one-to-many relationship between CU-CP and DUs, thus inevitably creating potentially ‘weak’ points at the interface terminations for the cases where the logical entities CU-CP and DU are implemented by multiple instances, as shown in Fig. 1 below.
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Fig. 1: Potentially weak points when implementing the F1-C logical model
In fact, in concrete deployments, as we have argued in [1], one logical CU-CP may be composed of multiple CU-CP processing instances, for example there could be one primary CU-CP processing instance and one (or more) backup CU-CP processing instances (see example in Fig. 2), in case the multiple network elements constituting the logical CU-CP are used to realize a hot standby.
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Fig. 2: Example of resilient CP connectivity implementation.
This is a possible approach used today for resiliency in cloud environments and provides protection against hardware and software as well as local site (or data center) failures. It is more efficient with respect to pooling solutions as it offers geo-redundancy, i.e., the different CU-CP instances could be in different geographical areas. The geo-redundancy minimizes the risk that a failure or disaster (e.g., earthquake) could affect the operation of all the CU-CP instances that belong to the same logical CU-CP.
Similarly, the DU logical model may correspond in real implementations to multiple processing parts and instances implying similar scalability requirements are applicable. 
It is of course also, and simply, in line with the 5G centralization and virtualization paradigm that scale-out/scale-in capabilities of the CU-CP should not be hampered by a too rigid TNL solution, that is the chosen TNL solution in the standard should support flexibility and robustness in implementations, while being sufficiently specific to enable inter-operability between interface peers.
There is also another benefit in allowing multiple SCTP associations between DU and (logical) CU-CP. It would allow to use different SCTP associations for different types of traffic. For example, it would allow to use separate SCTP associations for (1) F1 common procedures and (2) F1 UE-dedicated procedures. This would allow to have a better overall scalability because each traffic type scales differently (e.g., based on the number of UEs). In this context, a similar approach as the one proposed for the NG-C interface can be considered.
In few words, TNL should be an enabler and not a bottleneck.

The F1-C interface is used to interconnect the logical DU to the logical CU-CP. In TS 38.472 [4] the standard for signalling transport to be used across the F1-C interface is specified. It is already agreed that the F1-C interface employs the SCTP transport protocol (additional protocols are FFS). 
To allow a logical DU to connect to more than one CU-CP instance constituting one logical CU-CP (for example primary and backup as described above), it was agreed during the last meeting to allow the possibility of establishing multiple SCTP associations between a DU and a logical CU-CP.
This may be for example used, so that a DU is able to switch over to the backup CU in case of failure at the primary CU, e.g., by providing back-up IP end-point addresses as probably keeping a hot-stand-by TNL (SCTP) association in evidence throughout the operation via the primary CU.
Moreover, it should be allowed to allocate different associations signalling having different characteristics, for example common and related to a UE, allowing UE-related signalling to be supported by multiple associations as the traffic would scale with the number of UE contexts (unlike common signalling).
To summarize, we suggest the following principles:
Proposal 1   	It is proposed for the interface peers to exchange SCTP connectivity information (endpoints list) during F1 Setup and F1 Configuration Update, in order to enable the establishment of additional SCTP associations.
Proposal 2   	It is proposed that it is the DU that initiates the establishment and the release of any additional SCTP association (beyond the primary association) but that the CU may indicate which endpoints can be used for load balancing or specific purposes via F1AP signalling.
Proposal 3 	It is proposed that RAN3 agrees to the proposals in the following section to this contribution.
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The purpose of the F1 Setup procedure is to exchange application level data needed for the gNB-DU and the gNB-CU to correctly interoperate on the F1 interface. This procedure shall be the first F1AP procedure triggered after the primary TNL association has become operational. The procedure uses non-UE associated signalling.
This procedure erases any existing application level configuration data in the two nodes and replaces it by the one received and clears gNB-CU overload state information at the gNB-DU. If the gNB-DU and gNB-CU do not agree on retaining the UE Contexts this procedure also re-initialises the F1AP UE-related contexts (if any) and erases all related signalling connections in the two nodes like a Reset procedure would do. 

8.2.3.2	Successful Operation


Figure 8.2.3.2-1: F1 Setup procedure: Successful Operation.
The gNB-DU initiates the procedure by sending a F1 SETUP REQUEST message including the appropriate data to the gNB-CU. The gNB-CU responds with a F1 SETUP RESPONSE message including the appropriate data.
The gNB-CU may include the Cells to be Activated List IE in the F1 SETUP RESPONSE message. The Cells to be Activated List IE includes a list of cells that the gNB-CU requests the gNB-DU to activate. The gNB-DU shall activate the cells included in the Cells to be Activated List IE.
The exchanged data shall be stored in respective node and used for the duration of theas long as there is an operational primary TNL association. When this procedure is finished, the F1 interface is operational and other F1 messages can be exchanged.
If the Additional TNL Connectivity Information IE is included in the F1 SETUP RESPONSE message, the gNB-DU shall, if supported, store it and use it to establish additional TNL associations. Only the gNB-DU may initiate the release of any additionally established TNL association.
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Figure 8.2.3.3-1: F1 Setup procedure: Unsuccessful Operation.
If the gNB-CU cannot accept the setup, it should respond with a F1 SETUP FAILURE and appropriate cause value.
Non- modified parts removed

8.2.4	gNB-DU Configuration Update 
Editor’s Note: The direction of the configuration update is still FFS. This means that the whole procedure may be removed if not needed.
8.2.4.1	General
The purpose of the gNB-DU Configuration Update procedure is to update application level configuration data needed for the gNB-DU and the gNB-CU to interoperate correctly on the F1 interface. This procedure does not affect existing UE-related contexts, if any.
8.2.4.2	Successful Operation


Figure 8.2.4.2-1: gNB-DU Configuration Update procedure: Successful Operation.
The gNB-DU initiates the procedure by sending a GNB-DU CONFIGURATION UPDATE message to the gNB-CU including an appropriate set of updated configuration data that it has just taken into operational use. The gNB-CU responds with GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE message to acknowledge that it successfully updated the configuration data. 
The updated configuration data shall be stored in both nodes and used as long as there is an operational primary TNL association or until any further update is performed.
If Served Cells To Add Item IE is contained in the GNB-DU CONFIGURATION UPDATE message, the gNB-CU shall add cell information according to the information in the Served Cell Information IE.
If Served Cells To Modify Item IE is contained in the GNB-DU CONFIGURATION UPDATE message, the gNB-CU shall modify information of cell indicated by Old NR Cell ID IE according to the information in the Served Cell Information IE.
If Served Cells To Delete Item IE is contained in the GNB-DU CONFIGURATION UPDATE message, the gNB-CU shall delete information of cell indicated by Old NR Cell ID IE.
If Cells to be Activated Item IE is contained in the GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE message, the gNB-DU shall activate the cell indicated by NR Cell ID IE.
The gNB-DU may initiate a further gNB-DU Configuration Update procedure only after a previous gNB-DU Configuration Update procedure has been completed.
8.2.4.3	Unsuccessful Operation


Figure 8.2.4.3-1: gNB-DU Configuration Update procedure: Unsuccessful Operation.
If the gNB-CU cannot accept the update, it shall respond with a GNB-DU CONFIGURATION UPDATE FAILURE message and appropriate cause value. 
8.2.4.4	Abnormal Conditions
If the gNB-DU after initiating gNB-DU Configuration Update procedure receives neither a GNB-DU CONFIGURATION UPDATE ACKOWLEDGE nor a GNB-DU CONFIGURATION UPDATE FAILURE message, the gNB-DU may reinitiate a further gNB-DU Configuration Update procedure towards the same gNB-CU, provided that the content of the new GNB-DU CONFIGURATION UPDATE message is identical to the content of the previously unacknowledged GNB-DU CONFIGURATION UPDATE message.
8.2.5	gNB-CU Configuration Update 

8.2.5.1	General
The purpose of the gNB-CU Configuration Update procedure is to update application level configuration data needed for the gNB-DU and gNB-CU to interoperate correctly on the F1 interface. This procedure does not affect existing UE-related contexts, if any.
8.2.5.2	Successful Operation


Figure 8.2.5.2-1: gNB-CU Configuration Update procedure: Successful Operation.
The gNB-CU initiates the procedure by sending a GNB-CU CONFIGURATION UPDATE message including the appropriate updated configuration data to the gNB-DU. The gNB-DU responds with a GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE message to acknowledge that it successfully updated the configuration data. 
The updated configuration data shall be stored in the respective node and used as long as there is an operational primary TNL association or until any further update is performed.
If Cells to be Activated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message, the gNB-DU shall activate the cell indicated by NR Cell ID IE.
If Cells to be Deactivated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message, the gNB-DU shall deactivate the cell indicated by NR Cell ID IE.
If Cells to be Activated List Item IE is contained in the GNB-CU CONFIGURATION UPDATE message and the indicated cells are already activated, the gNB-DU shall update the cell information received in Cells to be Activated List Item IE.
If the Additional TNL Connectivity Information IE is included in the GNB-CU CONFIGURATION UPDATE message, the gNB-DU shall, if supported, update the information received during F1 Setup and use it to establish additional TNL associations. The gNB-DU shall release any TNL association corresponding to endpoints the gNB-CU may have removed with the GNB-CU CONFIGURATION UPDATE message. 
The gNB-CU may initiate a further gNB-CU Configuration Update procedure only after a previous gNB-CU Configuration Update procedure has been completed.

8.2.5.3	Unsuccessful Operation


Figure 8.2.5.3-1: gNB-CU Configuration Update: Unsuccessful Operation.
If the gNB-DU cannot accept the update, it shall respond with a GNB-CU CONFIGURATION UPDATE FAILURE message and appropriate cause value.
8.2.5.4	Abnormal Conditions
If the gNB-CU neither receives a GNB-CU CONFIGURATION UPDATE ACKOWLEDGE nor a GNB-CU CONFIGURATION UPDATE FAILURE message, the gNB-CU may reinitiate gNB-CU Configuration Update procedure towards the same gNB-DU provided that the content of the new GNB-CU CONFIGURATION UPDATE message is identical to the content of the previously unacknowledged GNB-CU CONFIGURATION UPDATE message.
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9.2.1.4	F1 SETUP REQUEST
This message is sent by the gNB-DU to transfer information for a TNL association.
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-DU ID
	M
	
	9.3.1.9
	
	YES
	reject

	gNB-DU Name (FFS)
	O
	
	FFS
	Human readable gNB-DU name (FFS)
	FFS
	FFS

	gNB-DU Served Cells List
	
	1
	
	List of cells configured in the gNB-DU
	
	

	>gNB-DU Served Cells Item
	
	1.. <maxCellingNBDU>
	
	
	YES
	reject

	>>Served Cell Information
	M
	
	9.3.1.10
	Information about the cells configured in the gNB-DU
	-
	-

	>>gNB-DU System Information
	M
	
	FFS
	RRC container with system information owned by gNB-DU
	-
	-



Editor’s note: The gNB-DU Name IE definition and whether it will be introduced is FFS.
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This message is sent by the gNB-CU to transfer information for a TNL association.
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 ID (FFS)
	M
	
	
	
	FFS
	FFS

	Cells to be Activated List
	
	0.. 1
	
	
	
	

	>Cells to be Activated List Item
	
	1.. <maxCellingNBDU>
	
	List of cells to be activated
	YES
	reject

	>>NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	>>gNB-CU System Information
	M
	
	
	RRC container with system information owned by gNB-CU 
	-
	-

	>>Broadcast PLMN (FFS)
	
	
	
	
	FFS
	FFS

	>>TAI (FFS)
	
	
	
	
	FFS
	FFS

	Additional TNL Connectivity Information
	O
	
	TNL Connectivity Information
9.3.2.X
	Information about secondary TNL associations
	YES
	notify



Editor’s note: it is FFS whether the NR Cells ID will be: (1) local cell ID (NCI without gNB ID), (2) NCI or (3) PCI. 
Editor’s note: it is FFS whether the PLMN and TAI will be included (1) in the F1 Setup Request in the Served Cells Information IE, or (2) in the F1 Setup Response.
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This message is sent by the gNB-CU to indicate F1 Setup failure.
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

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Time to wait
	O
	
	FFS
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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9.2.1.7	GNB-DU CONFIGURATION UPDATE
This message is sent by the gNB-DU to transfer updated information for a TNL association.
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

	Served Cells To Add List
	
	0..1
	
	Complete list of added cells served by the gNB-DU
	YES
	reject

	>Served Cells To Add Item
	
	1 .. <maxCellingNBDU>
	
	
	EACH
	reject

	>>Served Cell Information
	M
	
	9.3.1.10
	Information about the cells configured in the gNB-DU
	-
	-

	>>gNB-DU System Information
	M
	
	FFS
	RRC container with system information owned by gNB-DU
	-
	-

	Served Cells To Modify List
	
	0..1
	
	Complete list of modified cells served by the gNB-DU
	YES
	reject

	>Served Cells To Modify Item
	
	1 .. <maxCellingNBDU>
	
	
	EACH
	reject

	>>Old NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	>>Served Cell Information
	M
	
	9.3.1.10
	Information about the cells configured in the gNB-DU
	-
	-

	>>gNB-DU System Information
	M
	
	FFS
	RRC container with system information owned by gNB-DU
	-
	-

	Served Cells To Delete List
	
	0..1
	
	Complete list of deleted cells served by the gNB-DU
	YES
	reject

	>Served Cells To Delete Item
	
	0 .. <maxCellingNBDU>
	
	
	EACH
	reject

	>>Old NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-



	Range bound
	Explanation

	maxCellingNBDU
	Maximum no. cells that can be served by an gNB-DU. Value is FFS.
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This message is sent by a gNB-CU to a gNB-DU to acknowledge update of information for a TNL association.
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

	Cells to be Activated List
	
	0.. 1
	
	List of cells to be activated
	YES
	reject

	>Cells to be Activated List Item
	
	1.. <maxCellingNBDU>
	
	
	EACH
	reject

	>>NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	>> gNB-CU System Information
	M
	
	FFS
	RRC container with system information owned by gNB-CU
	-
	-

	>>Broadcast PLMN (FFS)
	
	
	
	
	FFS
	FFS

	>>TAI (FFS)
	
	
	
	
	FFS
	FFS

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



Editor’s note: it is FFS whether the NR Cells ID will be: (1) local cell ID (NCI without gNB ID), (2) NCI or (3) PCI. 
Editor’s note: it is FFS whether the PLMN and TAI will be included (1) in the GNB-DU GONFIGURATION UPDATE in the Served Cells Information IE, or (2) in the GNB-DU GONFIGURATION UPDATE ACKNOWLEDGE.
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This message is sent by the gNB-CU to indicate gNB-DU Configuration Update failure.
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

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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This message is sent by the gNB-CU to transfer updated information for a TNL association.
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

	Cells to be Activated List
	
	0..1
	
	List of cells to be activated or modified
	YES
	reject

	>Cells to be Activated List Item
	
	1.. <maxCellingNBDU>
	
	
	EACH
	reject

	>>NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	>> gNB-CU System Information
	M
	
	FFS
	RRC container with system information owned by gNB-CU
	
	

	>>Broadcast PLMN (FFS)
	
	
	
	
	FFS
	FFS

	>>TAI (FFS)
	
	
	
	
	FFS
	FFS

	Cells to be Deactivated List
	
	0..1
	
	List of cells to be deactivated
	YES
	reject

	>Cells to be Deactivated List Item
	
	1.. <maxCellingNBDU>
	
	
	EACH
	reject

	>>NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	Additional TNL Connectivity Information
	O
	
	TNL Connectivity Information
9.3.2.X
	Information about secondary TNL associations 
	YES
	notify



[bookmark: _Toc496272535]9.2.1.11	GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE
This message is sent by a gNB-DU to a gNB-CU to acknowledge update of information for a TNL association.
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

	Cells Failed to be Activated List
	
	0..1
	
	List of cells which are failed to be activated
	YES
	reject

	>Cells Failed to be Activated Item
	
	1.. <maxCellingNBDU>
	
	
	EACH
	reject

	>>NR Cell ID
	M
	
	FFS
	NR cell identifier (FFS)
	-
	-

	>>Cause
	M
	
	9.3.1.2
	
	-
	-

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



	Range bound
	Explanation

	maxCellingNBDU
	Maximum no. cells that can be served by an gNB-DU. Value is FFS.



Editor’s note: it is FFS whether the NR Cell ID will be: (1) local cell ID (NCI without gNB ID), (2) NCI or (3) PCI. 
Editor’s note: it is FFS whether the PLMN and TAI will be included (1) in the GNB-CU GONFIGURATION UPDATE in the Served Cells Information IE, or (2) in the GNB-CU GONFIGURATION UPDATE ACKNOWLEDGE.
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This message is sent by the gNB-DU to indicate gNB-CU Configuration Update failure.
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

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



End of Text Proposal 2 for TS 38.473
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The TNL Connectivity Information IE identifies one or more transport endpoints to enable additional TNL associations to be established between the gNB-CU and the gNB-DU for F1-C operation. It contains one ore more Transport Layer Addresses. The Transport Layer Address is an IP address to be used for the F1 control plane transport beyond the primary SCTP association that was established prior to F1 Setup. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	List of F1-C TNL endpoints
	0..<maxnoofaddTNLeps>
	
	
	
	–
	–

	  >Transport Layer Address
	M
	
	BIT STRING (1..160, ...)
	
	–
	–



	Range bound
	Explanation

	maxnoofaddTNLeps
	Maximum no. of additional TNL endpoints. Value is FFS.
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