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1
Introduction

This paper explains the items introduced into the X2AP CR for network sharing concerning shared X2-C signalling transport.
It also looks into 36.300 and 36.422.
In general, X2AP has seen several waves of extensions, for certain GW approaches, for SON, for Rel-12 DC, for EN-DC. This document tries to cover most of those extensions, but in general, the approach to provide the node ID in some form, either explicitly or relying on Global Cell IDs already contained in certain messages, is followed from XnAP.
2
Discussion on X2AP
2.1
Non-UE associated signalling

2.1.1
How to identify the interface instance

There are a couple of X2AP non-UE associated signalling messages, which do not have any IE suitable for indicating the interface instance for which the message is sent. However, some do contain a Node ID:

X2 SETUP REQUEST

X2 SETUP RESPONSE

X2 RELEASE

X2AP MESSAGE TRANSFER

X2 REMOVAL REQUEST

X2 REMOVAL RESPONSE

EN-DC X2 SETUP REQUEST

EN-DC X2 SETUP RESPONSE

EN-DC X2 REMOVAL REQUEST

EN-DC X2 REMOVAL RESPONSE

The following X2AP non-UE associated signalling message do not contain any Node ID. Like discussed for XnAP, although some of them carry cell related information via which the Node ID could be figured out, it is probably an advantage to have a Node ID placed explicitly in the message.

LOAD INFORMATION

ERROR INDICATION
X2 SETUP FAILURE

RESET REQUEST

RESET RESPONSE

ENB CONFIGURATION UPDATE

ENB CONFIGURATION ACKNOWLEDGE

ENB CONFIGURATION FAILURE

CELL ACTIVATION REQUEST

CELL ACTIVATION RESPONSE

CELL ACTIVATION FAILURE

X2 REMOVAL FAILURE

EN-DC X2 SETUP FAILURE

EN-DC CONFIGURATION UPDATE

EN-DC CONFIGURATION UPDATE ACKNOWLEDGE

EN-DC CONFIGURATION UPDATE FAILURE

EN-DC CELL ACTIVATION REQUEST

EN-DC CELL ACTIVATION RESPONSE

EN-DC CELL ACTIVATION FAILURE

EN-DC X2 REMOVAL FAILURE

EN-DC CONFIGURATION TRANSFER

E-UTRA – NR CELL RESOURCE COORDINATION REQUEST
E-UTRA – NR CELL RESOURCE COORDINATION RESPONSE
GNB STATUS INDICATION
As some of the X2AP non-UE associated signalling message already carry a node ID, it seems to be straight forward to add this IE to the ones not yet including it as an optional element.

Proposal 1-1:
Agree that X2AP non UE associated message shall all carry the Global Node IDs in case of shared X2-C signalling transport.
2.1.2
Exceptions and further discussion

Resource Status Reporting procedures

The Resource Status Reporting procedures contain Measurement ID IEs which could be allocated, e.g. partitioned, similar to the Transaction ID in F1AP, in order to allow logical node specific reporting. The following messages are affected:

RESOURCE STATUS REQUEST

RESOURCE STATUS RESPONSE

RESOURCE STATUS FAILURE

RESOURCE STATUS UPDATE

Proposal 2-1:
Introduce a NOTE for the eNB Measurement ID IEs in the respective message definitions of the Resource Status Reporting procedures and in the 36.300 CR

Mobility Setting Change procedure

The Mobility Setting Change procedure provides a means to identify the eNB Node ID, as the affected Cell IDs are included as mandatory information elements in the respective messages, also in the failure message.

Proposal 2-2:
For the Mobility Setting Change procedure, a description is added in the informative annex in the 36.300 CR that the included Cell IDs provide the node identification.

RLF Indication

The RLF Indication procedure provides the Re-establishment cell ECGI, which, in a shared TNL transport scenario, identifies the sending node, which has to make a choice to which shared operator the re-establishment is associated. In case there are separate processing entities for the protocol termination at the receiving node, the Re-establishment cell ECGI can be used to identify the interface instance.

Proposal 2-3:
For the RLF Indication, a description is added in the informative annex in the 36.300 CR that the included Cell ID provide the node identification.

Handover Report

The Handover Report procedure provides source and target ECGI, which, in a shared TNL transport scenario, identifies the sending and receiving node

Proposal 2-4:
For the RLF Indication, a description is added in the informative annex in the 36.300 CR that the included Cell IDs provide the node identification.

EN-DC Partial Reset

The Partial Reset procedure for EN-DC provides the possibility to only reset parts of the UE associated signalling connections.

If a whole interface instance is to be reset, the Reset procedure is used.
X2 Setup, EN-DC X2 Setup
This following text in the general section 8.3.3.4 of the  Setup procedure needs further clarification in case several X2-C interface instances are sharing the same signalling transport:

If the first message received for a specific TNL association is not an X2 SETUP REQUEST, X2 SETUP RESPONSE, or X2 SETUP FAILURE message then this shall be treated as a logical error.

As AP specification text should concern a single interface instance only, one way to follow this principle would be to re-structure the latest version as follows:
If the first message received on a specific TNL association for the X2-C interface instance is not an X2 SETUP REQUEST, X2 SETUP RESPONSE, or X2 SETUP FAILURE message then this shall be treated as a logical error.

NOTE:
If X2-C signalling transport is shared among multiple X2-C interface instances, one X2 Setup procedure is issued per X2-C interface instance to be setup, i.e. several X2 Setup procedures may be issued via the same TNL association after that TNL association has become operational. 
Such approach for stage 3 is aligned with the approach taken for F1 and Xn.
Proposal 2-5:
Clarify in the Specify in X2 Setup and EN-DC X2 Setup abnormal condition procedure description in §8.3.3.4 and §8.7.4.1, that a logical error only exists if the issued X2 Setup/EN-DC X2 Setup is destined for an already setup interface instance.
Proposal 2-6:
To align with stage 2, the fact that for each X2-C interface instance a separate X2 Setup procedure is issued, which can be deduced from proposal 1 along the indicated Global Node ID, is put into an informative NOTE.

eNB Configuration Update, EN-DC Configuration Update
In all the stage 2 BL CRs, we have captured a common understanding that at least for non-UE associated signalling concerning served cell info, one procedure instance should be able to carry information of more than one interface instance.

The Configuration Update procedures provides the E-UTRAN node with the possibility to setup/modify/delete served cells.

As on F1 and Xn, the way how this procedure is used to transport information concerning multiple X2-C interface instances, retaining the logical architectural model, is supposed to work as follows:

-
Each served cell related information item is associated with a single logical node only.

-
As discussed during RAN3#103bis, a new IE corresponding to the NR RRC PLMNIdentityInfoList is introduced in the Served NR Cell Information IE to allow a logical node being aware of shared network related information.

-
Likewise, a new IE corresponding to the E-UTRA RRC cellAccessRelatedInfo is introduced in the Served Cell Information IE to allow a logical node being aware of shared network related information.

Proposal 2-7:
Each served cell related information item in the eNB Configuration Update/EN-DC  Configuration Update procedures is associated with one logical node, it is however possible, to provide served cell related information items associated to several logical nodes in the same message.

Proposal 2-8:
The Served NR Cell Information IE may contain a new IE corresponding to the NR RRC PLMNIdentityInfoList to allow a logical node being aware of all shared network related information broadcast.

Proposal 2-9:
The Served Cell Information IE may contain a new IE corresponding to the E-UTRA RRC cellAccessRelatedInfo to allow a logical node being aware of all shared network related information broadcast.
2.2
UE associated and UE related signalling

Indicating the associated X2-C interface instance can be achieved, in alignment with F1AP and XnAP, by allocating the corresponding E-UTRAN node UE X2AP IDs value so that it can be associated with that X2-C interface instance. A respective NOTE is added to the IE sections §9.2.24 eNB UE X2AP ID, $9.2.86 eNB UE X2AP ID Extension and §9.2.100 for the en-gNB UE X2AP ID.
Proposal 2-10:
Agree that associating a UE X2AP ID value to an interface instance e.g. by partitioning the value range, is possible.
3
Stage 2 changes for 36.300
Changes in the CR for 36.300 for X2-C are aligned with those in the CR for 38.300 for Xn-C, with the addition of exceptions a proposed above.
Proposal 3-1:
It is proposed to align the CR for 36.300 with the CR for 38.300, adding exceptions as proposed above and agree the CR in R3-19xxxx.
4
Changes necessary for 36.422 ?

Relevant text in 36.422 that may concern shared X2-C signalling TNL is as follows:

There shall be only one SCTP association established between one eNB pair, or one eNB and en-gNB pair. An eNB and an en-gNB shall use the Destination Port Number value 36422 assigned by IANA to be used for X2AP and this value shall also be used in Source Port Number by all eNBs and en-gNBs within a network.

NOTE:
A multi-homed eNB implementation should provide the correspondent eNB with the set of IP addresses supported during SCTP association establishment unless the correspondent eNB already has this information e.g. through IP address management.

An arbitrary eNB or en-gNB shall be able to initiate the INIT procedure towards another en-gNB or eNB for establishing the SCTP association. 

It is probably safe to include a further NOTE in 38.422 stating that SCTP associations may be shared among several X2-C interface instances.
Proposal 4-1:
Introduce a NOTE in 38.422 refering to the possibility of sharing a SCTP association among X2-C interface instances and agree the respective CR in R3-19xxxx.
5
Conclusion and Proposals
We went through the main parts of F1AP and have analysed the changes needed to specify protocol additions needed for support of shared F1-C signalling transport.
The following was observed and is proposed :

Proposal 1-1:
Agree that X2AP non UE associated message shall all carry the Global Node IDs in case of shared X2-C signalling transport.
Proposal 2-1:
Introduce a NOTE for the eNB Measurement ID IEs in the respective message definitions of the Resource Status Reporting procedures and in the 36.300 CR

Proposal 2-2:
For the Mobility Setting Change procedure, a description is added in the informative annex in the 36.300 CR that the included Cell IDs provide the node identification.

Proposal 2-3:
For the RLF Indication, a description is added in the informative annex in the 36.300 CR that the included Cell ID provide the node identification.

Proposal 2-4:
For the RLF Indication, a description is added in the informative annex in the 36.300 CR that the included Cell IDs provide the node identification.

Proposal 2-5:
Clarify in the Specify in X2 Setup and EN-DC X2 Setup abnormal condition procedure description in §8.3.3.4 and §8.7.4.1, that a logical error only exists if the issued X2 Setup/EN-DC X2 Setup is destined for an already setup interface instance.

Proposal 2-6:
To align with stage 2, the fact that for each X2-C interface instance a separate X2 Setup procedure is issued, which can be deduced from proposal 1 along the indicated Global Node ID, is put into an informative NOTE.

Proposal 2-7:
Each served cell related information item in the eNB Configuration Update/EN-DC  Configuration Update procedures is associated with one logical node, it is however possible, to provide served cell related information items associated to several logical nodes in the same message.

Proposal 2-8:
The Served NR Cell Information IE may contain a new IE corresponding to the NR RRC PLMNIdentityInfoList to allow a logical node being aware of all shared network related information broadcast.

Proposal 2-9:
The Served Cell Information IE may contain a new IE corresponding to the E-UTRA RRC cellAccessRelatedInfo to allow a logical node being aware of all shared network related information broadcast.
Proposal 2-10:
Agree that associating a UE X2AP ID value to an interface instance e.g. by partitioning the value , is possible.
Proposal 3-1:
It is proposed to align the CR for 36.300 with the CR for 38.300, adding exceptions as proposed above and agree the CR in R3-192983.

Proposal 4-1:
Introduce a NOTE in 38.422 refering to the possibility of sharing a SCTP association among X2-C interface instances and agree the respective CR in R3-192984.

It is also proposed to agree on the X2AP CR in R3-192833. 
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