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<Next modification>
x
Support for 5GC
x.1
General
The E-UTRA connected to 5GC is supported as part of NG-RAN. The E-UTRA can be connected to both EPC and 5GC.
The overall architecture of E-UTRA connected to 5GC as part of NG-RAN is described in TS 38.300 [x1], where the term "ng-eNB" is used for E-UTRA connected to 5GC. However, in this specification the term "eNB" is used for both cases unless there is a specific need to disambiguate between eNB and ng-eNB.
E-UTRA connected to 5GC supports the following functions:

- 5G NAS message transport (see subclause 7.3);
- 5G security framework (see TS 38.300 [x1]), except that data integrity protection is not supported;
- Access Control (see TS 38.300 [x1]);
- Flow-based QoS (see TS 38.300 [x1]);
- Network slicing (see TS 38.300 [x1]);
- SDAP (see TS 37.324 [x2]);

- NR PDCP (see TS 38.323 [x3]).
Editor’s Note: The duplication of the description for E-UTRA connected to EPC also applicable to E-UTRA connected to 5GC should be avoided if possible.
x.2
Radio Protocol Architecture
x.2.1
User Plane
The figure below shows the protocol stack for the user plane, where SDAP, NR PDCP, RLC and MAC sublayers perform the functions listed in subclause 6.5 of TS 38.300 [x1], subclause 6.4 of TS 38.300 [x1], subclause 6.3, and subclause 6.2 respectively.
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Figure x.2.1-1: User Plane Protocol Stack
x.2.2
Control Plane
The figure below shows the protocol stack for the control plane, where:

-
E-UTRA PDCP sublayer (terminated in ng-eNB on the network side) performs the functions listed for the control plane in subclause 6.3, and NR PDCP sublayer (terminated in ng-eNB on the network side) performs the functions listed for the control plane in subclause 6.4 of TS 38.300 [x1]. At initial RRC connection establishment SRB1 uses E-UTRA PDCP. After initial RRC connection establishment, SRB1 is reconfigured implicitly to use NR PDCP following submission of MSG5 to lower layers. SRB2 always uses NR PDCP;

-
RLC and MAC sublayers (terminated in ng-eNB on the network side) perform the functions listed in subclause 6.2 and 6.1;
-
RRC (terminated in ng-eNB on the network side) performs the functions listed in subclause 7;

-
NAS control protocol (terminated in AMF on the network side) performs the functions listed in TS 23.501 [x4], for instance: authentication, mobility management, security control…
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Figure x.2.2-1: Control Plane Protocol Stack
x.3
Layer 2
The layer 2 of E-UTRA connected to 5GC is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC), Packet Data Convergence Protocol (PDCP) and Service Data Adaptation Protocol (SDAP). 

-
The physical layer offers to the MAC sublayer transport channels, see subclause 5;
-
The MAC sublayer offers to the RLC sublayer logical channels, see subclause 6.1;
-
The RLC sublayer offers to the PDCP sublayer RLC channels, see subclause 6.2;
-
The E-UTRA PDCP sublayer offers to the RRC sublayer signalling radio bearers (SRB) see subclause 6.3;
-
The NR PDCP sublayer offers to the SDAP sublayer data radio bearers, and offers to the RRC sublayer signalling radio bearers, see TS 38.323 [x3];
-
The SDAP sublayer offers to 5GC QoS flows, see TS 37.324 [x2].
x.4
CN Selection
For a cell that provides E-UTRA connectivity to both 5GC and EPC within a PLMN, the UE upper layer performs CN selection between EPC and 5GC. The UE AS layer indicates available CN type(s) to upper layers for CN type selection. The UE NAS layer indicates selected CN type (if available) with selected PLMN during PLMN selection procedure, as defined in TS 36.304 [11].
x.5
Mobility
The procedure for the new mobility scenario intra-EUTRA inter-systerm Handover (i.e., handover between E-UTRA connected to 5GC and E-UTRA connected to EPC) is described in section 10.2.2c.
The core network is changed during the procedure, as defined in TS 23.502 [x5].
Inter-RAT handover to/from GERAN/UTRAN/CDMA2000 and cell change order to GERAN with NACC are not supported, and CS fallback described in subclause 10.2.5 is not applied except for the functionality of release with redirection to GERAN/UTRAN.
The following mobility procedures are supported:

-
RRC Connection Release with Redirection to GERAN/UTRAN/CDMA2000/EUTRAN;
-
Cell Change Order to GERAN without NACC.
<Next modification>
7.3
Transport of NAS messages

The AS provides reliable in-sequence delivery of NAS messages in a cell. During handover, message loss or duplication of NAS messages can occur.

In E-UTRAN, NAS messages are either concatenated with RRC messages or carried in RRC without concatenation. Upon arrival of concurrent NAS messages for the same UE requiring both concatenation with RRC for the high priority queue and also without concatenation for the lower priority queue, the messages are first queued as necessary to maintain in-sequence delivery.
In DL, when an EPS bearer (EPC) or PDU Session (5GC) establishment or release procedure is triggered, the NAS message should normally be concatenated with the associated RRC message. When the EPS bearer (EPC) or PDU Session (5GC) is modified and when the modification also depends on a modification of the radio bearer, the NAS message and associated RRC message should normally be concatenated. Concatenation of DL NAS with RRC message is not allowed otherwise. In uplink concatenation of NAS messages with RRC message is used only for transferring the initial NAS message during connection setup. Initial Direct Transfer is not used in E-UTRAN and no NAS message is concatenated with RRC connection request.

Multiple NAS messages can be sent in a single downlink RRC message during EPS bearer (EPC) or PDU Session (5GC) establishment or modification. In this case, the order of the NAS messages in the RRC message shall be kept the same as that in the corresponding S1-AP (EPC) or NG-AP (5GC) message in order to ensure the in-sequence delivery of NAS messages.

NOTE:
NAS messages are integrity protected and ciphered by PDCP, in addition to the integrity protection and ciphering performed by NAS.

Editor’s Note: The change in this subsetion can be revised after QoS related issues have conclusions in NR.
<Next modification>
8.2
Network entity related Identities

The following identities are used in E-UTRAN for identifying and V2X sidelink communication a specific network entity TS 36.413 [25]:

-
Globally Unique MME Identity (GUMMEI) and V2X sidelink communication: used to identify MME globally. The GUMMEI is constructed from the PLMN identity the MME belongs to, the group identity of the MME group the MME belongs to and the MME code (MMEC) of the MME within the MME group.

NOTE:
GUMMEI or S-TMSI containing the MMEC is provided by the UE to the eNB according to TS 23.401 [17], TS 24.301 [20] and TS 36.331 [16].

-
E-UTRAN Cell Global Identifier (ECGI): used to identify cells globally. The ECGI is constructed from the PLMN identity the cell belongs to and the Cell Identity (CI) of the cell. The included PLMN is the one given by the first PLMN entry in SIB1, according to TS 36.331 [16].

-
eNB Identifier (eNB ID): used to identify eNBs within a PLMN. The eNB ID is contained within the CI of its cells.

-
Global eNB ID: used to identify eNBs globally. The Global eNB ID is constructed from the PLMN identity the eNB belongs to and the eNB ID. The MCC and MNC are the same as included in the E-UTRAN Cell Global Identifier (ECGI).
-
The Global eNB ID of RN is the same as its serving DeNB.
-
Tracking Area identity (TAI): used to identify tracking areas allocated by EPC or 5GC. The TAI is constructed from the PLMN identity the tracking area belongs to and the TAC (Tracking Area Code) of the Tracking Area. The TACs allocated to an ng-eNB by EPC and 5GC are separate.
-
CSG identity (CSG ID): used to identify a CSG within a PLMN.

-
EPS Bearer ID / E-RAB ID:

-
The value of the E-RAB ID used at S1 and X2 interfaces to identify an E-RAB allocated to the UE is the same as the EPS Bearer ID value used at the Uu interface to identify the associated EPS Bearer (and also used at the NAS layer as defined in TS 36.413 [25]).

The following identities are broadcast in every E-UTRAN cell (SIB1): CI, TAC, CSG ID (if any) and one or more PLMN identities.
<Next modification>
10.2.2
Handover

Inter RAT HO is designed so that changes to GERAN and UTRAN are minimised. This can be done by following the principles specified for GERAN to/from UTRAN intersystem HO. In particular the following principles are applied to E-UTRAN Inter RAT HO design:

1.
Inter RAT HO is network controlled through source access system. The source access system decides about starting the preparation and provides the necessary information to the target system in the format required by the target system. That is, the source system adapts to the target system. The actual handover execution is decided in the source system.

2.
Inter RAT HO is backwards handover, i.e. radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

3.
To enable backwards handover, and while RAN level interfaces are not available, a control interface exists in CN level. In Inter RAT HO involving E-UTRAN access, this interface is between 2G/3G SGSN and corresponding MME/Serving Gateway.

4.
The target access system will be responsible for giving exact guidance for the UE on how to make the radio access there (this includes radio resource configuration, target cell system information etc.). This information is given during the handover preparation and should be transported completely transparently through the source access system to the UE.

5.
Mechanisms for avoiding or mitigating the loss of user data (i.e. forwarding) can be used until the 3GPP Anchor determines that it can send DL U-plane data directly to the target system.

6.
The handover procedure should not require any UE to CN signalling in order for data to start to flow in the target system. This requires that the security context, UE capability context and QoS context is transferred (or translated) within the network between source and target system.

7.
Similar handover procedure should apply for handovers of both real time and non-real time services.
8.
Similar handover procedure should apply for Inter RAT Handover, intra-LTE Handover with EPC node change, and intra-E-UTRA inter-system Handover.
9.
Network controlled mobility is supported even if no prior UE measurements have been performed on the target cell and/or frequency i.e. "blind HO" is supported.
<omitted text>
10.2.2c
Intra-EUTRA inter-system Handover
Editor’s note: NR Baseline for HO between NR and E-UTRA connected to EPC is used here as starting point. Possible changes to accommodate ng-eNB to be discussed. FFS on how to indicate handover, e.g. implicit or explicit indication.
For intra-EUTRA handover, the source node decides whether to trigger inter-system HO (with CN type change) or intra-system HO (without CN type change). The UE gets the knowledge of the target CN type from handover command during handover procedure.
<Next modification>
Annex Y (informative):

This Annex captures stage 2 and stage 3 agreements reached on E-UTRA connected to 5GC to be incorporated later in the core specifications.
Y.1
Organisational

RAN2#98:

1. Introduce a dedicated section to TS36.300 for LTE connected to 5GC.

2.
Wherever possible, do not update existing text in TS36.300 that refers to EPC or EPC-specific entities (MME, S-GW, PGW, HSS, etc.). If required, use the term “CN” (used to denote both EPC/5GC) instead of “EPC” where changes are required.

3.
The inter-RAT handover chapter should be updated to cover new cases of 'inter-RAT' handovers between LTE connected to EPC and LTE connected to 5GC.
RAN2#100:

1.
Do not change the terms E-UTRAN, EPC, MME, eNB which are used in relation to E-UTRA connected to EPC unless necessary.

2.
'When UE connects to EPC...' and 'When UE connects to 5G-CN...' is used in procedure part when we need to define UE behaviour specific for a UE using E-UTRA with EPC and a UE using E-UTRA with 5G-CN. Other text may be needed for the case when 'When UE connects to EPC...' and 'When UE connects to 5G-CN...' is not suitable.

3.
Do not change the term NAS/upper layer used in TS36.331 unless it is really needed.

4.
RAN2 aim to reuse the fields/IEs/structures introduced for EN-DC if they are also applicable for E-UTRA connected to 5GC, e.g. NR PDCP configuration.
Y.2
5GC feature support

RAN2#99:

1.
CIoT CP and UP optimizations are not supported for E-UTRA/5GC and NR/5GC in Rel-15.
RAN2#101:

1. If NAS disables or re-enables NG-RAN related capability (CT1 term "N1 mode") the UE NAS procedure should be used to update the update the UE radio access capabilities (e.g. detach and reattached as used in LTE/EPC). RAN2 assume this would be fully specified in NAS specs.
Y.3
CN type selection

RAN2#98:

1.
An LTE eNB can belong to multiple PLMNs and per PLMN the CN type can be: (1) EPC only, (2) both EPC and 5GC 

FFS: Whether connectivity to 5GC only should be supported.

FFS: Whether the type of CN connectivity is uniform across a PLMN, or across a TA of the PLMN, or can be per eNB.

RAN2#99:

1.
An LTE ng-eNB can belong to multiple PLMNs and for each PLMN, it can be connected to: (1) EPC only, (2) both EPC and 5GC or (3) 5GC only.

2.
In case that a PLMN in an LTE eNB is connected to 5GC only, the UEs only capable of EPC-NAS should be prevented from camping and should reselect to a different cell.

3.
For the case that all the PLMNs only have access to 5GC then UEs capable only of EPC-NAS can be barred using cellBarred flag in SIB1 which the 5GC-NAS capable UEs ignore. To provide the current cell barring flag functionality to 5GC-NAS capable UEs, a corresponding new flag is introduced for those UEs (e.g. “cellBarred-5GC”).

FFS for the case that only some PLMN only have access to 5GC
4.
In LTE, the system information should be extended to include information about the available CN per PLMN.
5.
From RAN2 perspective we assume that selection between EPC and 5G-CN in the UE is performed by upper layers (i.e. it is not an AS function).
RAN2#100:
1.
RAN2 confirm that understanding that if cell (re)selection takes the UE to a cell that only support EPC then this information is provided to NAS which will cause NAS to select EPC

2.
Introduce a new 5GC PLMN list containing PLMNs that can connect to 5GC (coding details to be worked offline to avoid any need for repeating a PLMN ID if already present in the legacy PLMN list).
3.
"cellReservedForOperatorUse” is introduced for PLMNs which can connect to 5GC only.

4.
5GC specific “cellReservedForOperatorUse” is introduced for PLMNs which can connect both EPC and 5GC.  

5.
UE AS indicates available CN types to upper layers for CN type selection.
Y.4
QoS

RAN2#99:

1.
The QoS framework principles agreed for NR should be applied for E-UTRA connected to 5GC, and same SDAP layer is introduced to support flow based QoS framework. RAN2 expects no impact to RLC/MAC as a result of adding the support for the new QoS framework.

2.
LTE RRC needs to be enhanced to configure UE SDAP (same SDAP configuration content as for NR)

3.
Changes on LTE DC due to new QoS frame work will be discussed after NR has concluded in this topic

4.
The details on how to support flow based QoS for intra system handover and inter system handover (between LTE/EPC and LTE/5GC) can be discussed later once NR has agreements on it.

Y.5
Access Control

RAN2#99:

1.
Access barring mechanism for LTE connectivity connected to 5GC is based on unified access barring mechanism for NR. 

2.
LTE ng-eNB connected to both EPC and 5GC can broadcast the access control information for E-UTRAN connected to EPC and E-UTRAN connected to 5GC. UE uses the information based on the core network type indicated from upper layers.

Y.6
Slicing

RAN2#99:
1.
Align the support of network slicing in E-UTRA connected to 5G CN with NR. 

2.
Provision of slicing assistance information for the purpose of initial NAS routing will follow the decisions taken for NR. 

3.
The impact on LTE from network slicing-related open issues is FFS, and whether LTE needs to support all the network slicing operations of NR should be discussed once NR has agreed on them.

Y.7
PDCP version
RAN2#99:

1.
For UEs that are connecting via E-UTRA to 5GC, only NR PDCP is used for the DRBs. Also applicable for option 7 and option 4.

RAN2#99BIS:

1.
Msg 5 is used to indicate the CN type. The eNB shall initially configure SRB1 with LTE PDCP. Upon receiving CN Type Selection = 5GCN in Message 5, eLTE eNB reconfigures SRB1 with NR-PDCP

FFS: Whether the reconfiguration to NR PDCP is required before SMC.

2.
If it is found during further work that changes are required in Message 3 for other reasons, then this decision can be revisited (a solution where eNB initially configures SRB1 with NR-PDCP can be adopted)
RAN2#100:



1.
UE reconfigures to NR PDCP before the SMC is received.
FFS Whether the reconfiguration to NR PDCP is performed via an explicit or implicit reconfiguration for SRB1 before SMC.

2.
The UE is configured with NR PDCP for SRB2 when SRB2 is established.
RAN2#101:
1. UE implicitly changes to NR-PDCP for SRB1 following submission of MSG5 to lower layers.
Y.8
Inter-RAT mobility

RAN2#99BIS:

1.
RAN2 understanding based on SA2 decisions is that inter-RAT active mode handover or cell change order is not supported between LTE/5GC and 2G/3G systems.

2.
Inter-RAT active mode measurement configuration and reporting on 2G/3G RATs are supported in the same way as today.

3.
RAN functionality of release with redirect info to 2G/3G RATs is supported in the same way as today. For redirection to 2G then UE only accepts redirection to 2G if AS security protected (NAS configuration is not required).

4.
Idle mode mobility to 2G/3G/LTE/NR is supported including IDLE mode mobility control info for all all RAT (i.e. behaviour exactly the same as LTE/EPC and the network is responsible to set dedicated frequency priorities appropriately)

5.
A single LTE RAT is used in the cell reselection priorities regardless if the RAT support 5GC or not (i.e. behaviour exactly the same as LTE/EPC and the network is responsible to set dedicated frequency priorities appropriately)

6.
RAN2 understand that the source eNB/ng-eNB decides handover procedure to trigger (e.g. via the same CN type or to the other CN type)

7.
UE has to know the target CN type from the handover command during intra-LTE inter-system HO, intra-LTE intra-system HO

FFS: Stage 3 detail whether this is an explicit indication or can be inferred from other information.
Y.9
Security

RAN2#100:

1.
The legacy LTE SMC procedure (possibly with extensions to SMC message) is reused to activate initial AS security for the UE accessing 5GC via E-UTRA connected to 5GC.

FFS: Whether the SMC message indicates security algorithm ID using existing LTE code points or new 5G code points (i.e. neaX and niaX algorithms).

RAN2#101:

1.
NR security code points are added to LTE RRC signalling.

2.
RAN2 assumption is that 5G NAS will be able to provide separate 5G security capabilities for use with NR and with LTE/5GC. (Agreement 1 could be revisited if this assumption is not confirmed by CT1)

3.
Data integrity protection will not be supported for E-UTRA connected to 5GC in rel-15.  
Y.10
Network Identities
RAN2#101:
1. 5g-s-TMSI is added to IE PagingUE-Identity (legacy S-TMSI field is never used to page UEs connected to 5GC).
2. 5GCN indicator is not added to MSG3 (remain included in MSG5).

Y.11
TAC

RAN2#101:
1
New TAC field for 5GC will be introduced (separate from TAC for EPC, to enable different TAC value for EPC and 5GC).
2
TAC for 5GC can be PLMN specific.
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