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1
Introduction

We started discussing TNL address discovery at RAN3#95bis, providing a first discussion paper in R3-171150 [1]. A number of possibilities have been listed and further discussed.

1)
Connectivity between the E-UTRA and NR nodes is performed via O&M.

2)
Some E-UTRA nodes serve as proxy towards the MME (or as MME proxies)

3)
The NR node is allowed to connect to the MME for TNL address discovery reasons only

4)
(encrypted) broadcast of the Xx/X2-C TNL address

5)
TNL address discovery via the inter-CN-inter-system interface

While some sympathy has been expressed for a solution from the “proxy” family, we still believe that aligning a solution for option 3 with solutions available in  EPS and foreseen in 5GS should be the preference. This document provides further input to that topic.

2
Discussion

EPC will receive more NR related upgrades than expected
At the moment, one can say, that EPC will not be kept untouched when option 3 is introduced, as far as SA2 discussions are concerned.

At least mobility control will have to be able to take into account option 3 related subscription information. In addition some special charging solutions have been agreed affecting the EPC. SA2 has agreed to introduce report of “Secondary RAT usage data” (see 23.401), which has quite some impact to the MME.
Consequently, it should be “allowed” to seriously consider and discuss solutions affecting the EPC/MME.

S1-MME connectivity based TNL address discovery is existing functionality
TNL address discovery functionality can be assumed to be implemented for eNBs in today’s EPCs, so the functionality as such doesn’t need to be newly introduced. The existing EPC function would of course need to be upgraded to cope with en-gNB identifiers, but it is not expected that this requires an effort comparable with the one to be spent for other solutions. 
There is also some chance that EPC implementations for option 3 can be used as a basis for NG-C – which is not the case for any other option under discussion.
S1-MME connectivity of en-gNBs
The resulting network architecture for option 3 was developed to depict network connectivity for EN-DC, i.e. for UE associated signalling.
This does not mean, that for non-UE associated functionality other kind of connectivity has to be categorically ruled out. There is neither any affected function that would not work if S1-MME connectivity is introduced for TNL address discovery, nor is there any issue with the function as such, as EPS has proven to cope very well with S1-MME based TNL address discovery.
3
Conclusion
We have discussed arguments that were brought forward against implementing an X2 TNL address discovery function for en-gNBs based on S1-MME connectivity of en-gNBs. We concluded that aligning respective protocol functions with EPS and future 5GS is undoubtedly beneficial.

We propose to agree on an X2 TNL address discovery scheme which is based on S1-MME connectivity of en-gNBs for common (non-UE associated) signalling.
We propose to agree on the TPs provided in the Annex for stage 2 and stage 3
4
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<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>

19.2.2.8
S1 Setup procedure

The S1 Setup procedure is used to exchange configured data which is required in the MME and in the eNB respectively to ensure a proper interoperation. The S1 Setup procedure is triggered by the eNB. The S1 Setup procedure is the first S1AP procedure which will be executed.
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Figure 19.2.2.8-1: S1 Setup procedure

-
The eNB initiates the S1 Setup procedure by sending the S1 SETUP REQUEST message including supported TAs and broadcasted PLMNs to the MME.

-
In the successful case the MME responds with the S1 SETUP RESPONSE message which includes served PLMNs as well as a relative MME capacity indicator to achieve load balanced MMEs in the pool area.


The MME and the eNB may agree at the S1 Setup procedure that UE-related contexts and related signalling connection that have been existing before the S1 Setup shall not be affected. The MME or eNB or both may trigger an S1AP Reset procedure for any UE-related context and related signalling connection for UEs which could not be kept in ECM_CONNECTED and RRC_CONNECTED or for UEs for which the MME or the eNB decided to remove the UE-related context and related signalling connection. If either the MME and the eNB do not agree to keep the UE-related contexts (if any), then they are removed and all related signalling connections are erased.

-
If the MME cannot accept the S1 Setup Request the MME responds with the S1 SETUP FAILURE message indicating the reason of the denial. The MME optionally indicates in the S1 SETUP FAILURE message when the eNB is allowed to re-initiate the S1 Setup Request procedure towards the same MME again.

19.2.2.8a
S1 gNB Setup procedure

The S1 gNB Setup procedure is used to exchange configuration data between the MME and an en-gNB involved in EN-DC as specified in TS 37.340 [x]. This version of the specification does not support UE associated signalling acrosse the S1-MME interface instance setup between the MME and the en-gNB.
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Figure 19.2.2.8a-1: S1 gNB Setup procedure

-
The eNB initiates the S1 Setup procedure by sending the S1 GNB SETUP REQUEST message including supported TAs and broadcasted PLMNs to the MME.

-
In the successful case the MME responds with the S1 GNB SETUP RESPONSE message which includes served PLMNs.
-
If the MME cannot accept the S1 Setup Request the MME responds with the S1 GNB SETUP FAILURE message indicating the reason of the denial.

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

19.2.2.9a
eNB Configuration Transfer procedure

The eNB Configuration Transfer procedure is either initiated by the eNB or by the en-gNB to request and/or transfer RAN configuration information via the core network.
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Figure 19.2.2.9a-1: eNB Configuration Transfer procedure

The eNB Configuration Transfer procedure is either initiated by the eNB or by the en-gNB by sending the eNB CONFIGURATION TRANSFER message to the MME. The eNB CONFIGURATION TRANSFER message contains RAN configuration information (e.g. SON information) and other relevant information such as the routing address which identifies the final RAN destination node. If the eNB Configuration Transfer procedure is initiated by an en-gNB, it only contains information related to the TNL address discovery of a candidate en-gNB.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

19.2.2.10a
MME Configuration Transfer procedure

The MME Configuration Transfer procedure is initiated by the MME to request and/or transfer RAN configuration information to either the eNB or the en-gNB.
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Figure 19.2.2.10a-1: MME Configuration Transfer procedure

The MME Configuration Transfer procedure is initiated by the MME by sending the MME CONFIGURATION TRANSFER message to either the eNB or the en-gNB. The MME CONFIGURATION TRANSFER message contains RAN configuration information (e.g. SON information) and other relevant information. If the MME Configuration Transfer procedure is initiated by an en-gNB, it only contains information related to the TNL address discovery of a candidate en-gNB.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

22.3
Self-configuration

22.3.1
Dynamic configuration of the S1-MME interface

22.3.1.1
Prerequisites

The following prerequisites are assumed:

-
An initial remote IP end point to be used for SCTP initialisation is provided to the eNB for each MME. The eNB may be in pre-operational or operational state when this occurs.

How the eNB gets the remote IP end point(s) and its own IP address are outside the scope of this specification.

22.3.1.2
SCTP initialization

For each MME the eNodeB tries to initialize a SCTP association as described in IETF RFC 4960 [8], using a known initial remote IP Endpoint as the starting point, until SCTP connectivity is established.

22.3.1.3
Application layer initialization

Once SCTP connectivity has been established, the eNodeB and MME shall exchange application level configuration data over the S1-MME application protocol with the S1 Setup Procedure, which is needed for these two nodes to interwork correctly on the S1 interface.

-
The eNodeB provides the relevant configuration information to the MME, which includes list of supported TA(s), etc.

-
The MME provides the relevant configuration information to the eNodeB, which includes PLMN ID, etc.

-
When the application layer initialization is successfully concluded, the dynamic configuration procedure is completed and the S1-MME interface is operational.

22.3.1.4
Applicability of dynamic configuration of the S1-MME interface for EN-DC
An S1-MME interface may exist between an MME and an en-gNB to enable TNL address discovery function for candidate en-gNBs. Sections 22.3.1.1, 22.3.1.2 and 22.3.1.3 apply for en-gNBs as described for eNBs, with the difference that the application layer initialisation between an MME and an en-gNB is performed by means of the S1 gNB Setup procedure.
22.3.2
Dynamic Configuration of the X2 interface

22.3.2.1
Prerequisites

The following prerequisites are assumed:

-
An initial remote IP end point to be used for SCTP initialisation is provided to the eNB.

22.3.2.2
SCTP initialization

For candidate eNB the eNB tries to initialize a SCTP association as described in IETF RFC 4960 [8], using a known initial remote IP Endpoint as the starting point, until SCTP connectivity is established.

22.3.2.3
Application layer initialization

Once SCTP connectivity has been established, the eNB and its candidate peer eNB are in a position to exchange application level configuration data over the X2 application protocol needed for the two nodes to interwork correctly on the X2 interface.

-
The eNB provides the relevant configuration information to the candidate eNB, which includes served cell information, etc.

-
The candidate eNB provides the relevant configuration information to the initiating eNB, which includes served cell information, etc.

-
When the application layer initialization is successfully concluded, the dynamic configuration procedure is completed and the X2 interface is operational.

- 
eNBs shall keep neighbouring eNBs updated with the complete list of served cells while the X2 interface is operational.

22.3.2.4
Applicability of dynamic configuration of the X2 interface for EN-DC
An X2 interface may exist between an eNB and an en-gNB for EN-DC purposes as described in TS 37.340. Sections 22.3.2.1, 22.3.2.2 and 22.3.2.3 apply for dynamic configuration of the X2 interface between an eNB and an en-gNBs as described between two eNBs,

Editor’s Note: It is FFS whether the X2 Setup procedure or a new X2AP procedure is used between and eNB and an en-gNB.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

22.3.4
Inter-RAT/Inter-frequency Automatic Neighbour Relation Function
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Figure 22.3.4-1: Automatic Neighbour Relation Function in case of UTRAN detected cell

For Inter-RAT and Inter-Frequency ANR, each cell contains an Inter Frequency Search list. This list contains all frequencies that shall be searched.

For Inter-RAT cells, the NoX2 attribute in the NRT is absent, as X2 is only defined for E-UTRAN.

The function works as follows:

The eNB serving cell A has an ANR function. During connected mode, the eNB can instruct a UE to perform measurements and detect cells on other RATs/frequencies. The eNB may use different policies for instructing the UE to do measurements, and when to report them to the eNB.

1
The eNB instructs a UE to look for neighbour cells in the target RATs/frequencies. To do so the eNB may need to schedule appropriate idle periods to allow the UE to scan all cells in the target RATs/frequencies.

2
The UE reports the PCI of the detected cells in the target RATs/frequencies. The PCI is defined by the carrier frequency and the Primary Scrambling Code (PSC) in case of UTRAN FDD cell, by the carrier frequency and the cell parameter ID in case of UTRAN TDD cell, by the Band Indicator + BSIC + BCCH ARFCN in case of GERAN cell and by the PN Offset in case of CDMA2000 cell.

When the eNB receives UE reports containing PCIs of cell(s) the following sequence may be used.

3
The eNB instructs the UE, using the newly discovered PCI as parameter, to read the CGI and the RAC of the detected neighbour cell in case of GERAN detected cells, CGI, LAC, RAC and all broadcasted PLMN-ID(s) in case of UTRAN detected cells and CGI in case of CDMA2000 detected cells. For the Interfrequency case, the eNB instructs the UE, using the newly discovered PCI as parameter, to read the ECGI, TAC and all available PLMN ID(s) of the inter-frequency detected cell. The UE ignores transmissions from the serving cell while finding the requested information transmitted in the broadcast channel of the detected inter-system/inter-frequency neighbour cell. To do so, the eNB may need to schedule appropriate idle periods to allow the UE to read the requested information from the broadcast channel of the detected inter-RAT/inter-frequency neighbour cell.

4
After the UE has read the requested information in the new cell, it reports the detected CGI and RAC (in case of GERAN detected cells) or CGI, LAC, RAC and all broadcasted PLMN-ID(s) (in case of UTRAN detected cells) or CGI (in case of CDMA2000 detected cells) to the serving cell eNB. In the inter-frequency case, the UE reports the ECGI, the, tracking area code and all PLMN-ID(s) that have been detected. If the detected cell is a CSG or hybrid cell, the UE also reports the CSG ID to the serving cell eNB.
5
The eNB updates its inter-RAT/inter-frequency Neighbour Relation Table.

In the inter-frequency case and if needed, the eNB can use the PCI and ECGI for a new X2 interface setup towards this eNB. The setup of the X2 interface is described in section 22.3.2.

NOTE:
The eNB may differentiate the open access HeNB from the other types of (H)eNB by the PCI configuration or ECGI configuration.
22.3.4a
Inter-frequency Automatic Neighbour Relation Function for EN-DC
Editor’s Note: The text below is FFS and needs to resolve the proper terms for identities and others.
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Figure 22.3.4a-1: Automatic Neighbour Relation Function for EN-DC – NR cell detected
For ANR for EN-DC, the eNB may ask the UE to provide the NR Cell Identity For Inter-RAT and Inter-Frequency ANR, each cell contains an Inter Frequency Search list. This list contains all frequencies that shall be searched.

For EN-DC, the NoX2 attribute is applicable, the NoHO attribute is not applicable.

The function works as follows:

The eNB serving cell A has an ANR function. During connected mode, the eNB can instruct a UE to perform measurements and detect cells on an NR cell. The eNB may use different policies for instructing the UE to do measurements, and when to report them to the eNB.

1
The eNB instructs a UE to look for neighbour NR cells.

2
The UE reports the NR PCI of the detected NR cells.

When the eNB receives UE reports containing PCIs of NR cell(s) the following sequence may be used.

3
The eNB instructs the UE, using the newly discovered NR PCI as parameter, to read the Global NR Cell ID of the detected neighbour NR cell.

4
After the UE has read the requested information in the new cell, it reports the detected Global NR Cell ID to the serving cell eNB..
5
The eNB updates its respective Neighbour Relation Table.

The eNB may use the Global NR Cell ID for a new X2 interface setup towards the en-gNB serving the NR cell. The setup of the X2 interface is described in section 22.3.2.

22.3.5
Framework for PCI Selection

The eNB shall base the selection of its PCI either on a centralized or distributed PCI assignment algorithm:

[Centralized PCI assignment] The OAM signals a specific PCI value. The eNB shall select this value as its PCI.

[Distributed PCI assignment] The OAM signals a list of PCI values. The eNB may restrict this list by removing PCI-s that are: 

a)
reported by UEs;

b)
reported over the X2 interface by neighbouring eNBs; and/or

c)
acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.

The eNB shall select a PCI value randomly from the remaining list of PCIs.

22.3.6
TNL address discovery

22.3.6.1
TNL address discovery of candidate eNB via S1 interface

If the eNB is aware of the eNB ID of the candidate eNB (e.g. via the ANR function) but not a TNL address suitable for SCTP connectivity, then the eNB can utilize the Configuration Transfer Function to determine the TNL address as follows:

-
The eNB sends the eNB CONFIGURATION TRANSFER message to the MME to request the TNL address of the candidate eNB, and includes relevant information such as the source and target eNB ID.

-
The MME relays the request by sending the MME CONFIGURATION TRANSFER message to the candidate eNB identified by the target eNB ID.

-
The candidate eNB responds by sending the eNB CONFIGURATION TRANSFER message containing one or more TNL addresses to be used for SCTP connectivity with the initiating eNB, and includes other relevant information such as the source and target eNB ID.

-
The MME relays the response by sending the MME CONFIGURATION TRANSFER message to the initiating eNB identified by the target eNB ID.

22.3.6.2
TNL address discovery of a candidate en-gNB via S1 interface

If the eNB is aware of the gNB ID of the candidate en-gNB (e.g. via the ANR function) but not a TNL address suitable for SCTP connectivity, then the eNB can utilize the Configuration Transfer Function to determine the TNL address as follows:

-
The eNB sends the eNB CONFIGURATION TRANSFER message to the MME to request the TNL address of the candidate en-gNB, and includes relevant information such as the source eNB and target gNB ID.

-
The MME relays the request by sending the MME CONFIGURATION TRANSFER message to the candidate en-gNB identified by the target gNB ID.

-
The candidate en-gNB responds by sending the eNB CONFIGURATION TRANSFER message containing one or more TNL addresses to be used for SCTP connectivity with the initiating eNB, and includes other relevant information such as the source gNB ID and target eNB ID.

-
The MME relays the response by sending the MME CONFIGURATION TRANSFER message to the initiating eNB identified by the target eNB ID.

<<<<<<<<<<<<<<<<<<<< Last Change >>>>>>>>>>>>>>>>>>>>
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