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********************   First change  *************************
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AMBR
Aggregate Maximum Bit Rate

DL TFT
DownLink Traffic Flow Template
ECGI
Evolved Cell Global Identifier

ECM
EPS Connection Management

EMM
EPS Mobility Management
EPC
Evolved Packet Core

EPS
Evolved Packet System

GUMMEI
Globally Unique MME Identifier

GUTI
Globally Unique Temporary Identity

GW
Gateway

PDB
Packet Delay Budget

PLR
Packet Loss Rate

LBI
Linked EPS Bearer Id

MME
Mobility Management Entity

MMEC
MME Code

M-TMSI
M-Temporary Mobile Subscriber Identity

P-GW
PDN Gateway

PTI
Protocol Transaction Id

QCI
QoS Class Identifier

S-GW
Serving Gateway

S-TMSI
S-Temporary Mobile Subscriber Identity

SDF
Service Data Flow

TAC
Tracking Area Code

TAI
Tracking Area Identity

TAU
Tracking Area Update

UL TFT
UpLink Traffic Flow Template

********************   Next change  *************************

4.3
High level functions

4.3.1
General

The following list gives the logical functions performed within this system. Several functional groupings (meta functions) are defined and each encompasses a number of individual functions:

-
Network Access Control Functions.

-
Packet Routeing and Transfer Functions.

-
Mobility Management Functions.

-
Security Functions.

-
Radio Resource Management Functions.

-
Network Management Functions.

- 
Selection Functions.

- 
IP Network related Functions.

-
Functionality for Connection of eNodeBs to Multiple MMEs.

********************   Next change  *************************
4.3.2
Network access control functions

4.3.2.1
General

Network access is the means by which a user is connected to the Evolved Packet Core.

********************   Next change  *************************
4.3.7
Network management functions

4.3.7.1
General

Network management functions provide mechanisms to support O&M functions related to the Evolved Packet System.

The Network management architecture and functions for the Evolved Packet Core are described in TS ss.xyz [qq]
********************   Next change  *************************
4.3.10
Functionality for Connection of eNodeBs to Multiple MMEs

An eNodeB may connect to several MMEs. This implies that an eNodeB shall be able to determine which of the MMEs, covering the area where an UE is located, should receive the signalling sent from a UE. To avoid unnecessary signalling in the core network, a UE that has attached to one MME should generally continue to be served by this MME as long as the UE is in the radio coverage of the pool area to which the MME is associated. The concept of pool area is a RAN based definition that comprises one or more TA(s) that, from a RAN perspective, are served by a certain group of MMEs. This does not exclude that one or more of the MMEs in this group serve TAs outside the pool area. This group of MMEs is also referred to as an MME pool.

To enable the eNodeB to determine which MME to select when forwarding messages from an UE, this functionality defines a routing mechanism (and other related mechanism). A routing mechanism (and other related mechanism) is defined for the MMEs. The routing mechanism is required to find the correct old MME (from the multiple MMEs that are associated with a pool area). When a UE roams out of the pool area and into the area of one or more MMEs that do not know about the internal structure of the pool area where the UE roamed from, the new MME will send the Identification Request message or the Context Request message to the old MME using the GUTI. The routing mechanism in both the MMEs and the eNodeB utilises the fact that every MME that serves a pool area must have its own unique value range of the GUTI parameter within the pool area.

********************   Next change  *************************

4.4.2
MME

MME functions include:

-
NAS signalling;

-
NAS signalling security;

-
Inter CN node signalling for mobility between 3GPP access networks (terminating S3);

-
UE Reachability in ECM-IDLE state (including control and execution of paging retransmission);

-
Tracking Area list management;

-
PDN GW and Serving GW selection;

-
MME selection for handovers with MME change;

-
SGSN selection for handovers to 2G or 3G 3GPP access networks;

-
Interrogation (S6a towards home HSS);

-
Authentication;

-
Bearer management functions including dedicated bearer establishment.

NOTE:
The Serving GW and the MME may be implemented in one physical node or separated physical nodes.

********************   Next change  *************************

4.4.7
PCRF

4.4.7.1
General
PCRF is the policy and charging control element. PCRF functions are described in more detail in TS 23.203 [6].

In non-roaming scenario, there is only a single PCRF in the HPLMN associated with one UE's IP-CAN session. The PCRF terminates the Rx interface and the Gx interface.

In a roaming scenario with local breakout of traffic there may be two PCRFs associated with one UE's IP-CAN session:

-
H-PCRF that resides within the H-PLMN;

-
V-PCRF that resides within the V-PLMN.

********************   Next change  *************************

4.7.5
Application of PCC in the Evolved Packet System

The Evolved Packet System applies the PCC framework as defined in TS 23.203 [6] for QoS policy and charging control. PCC functionality is present in the AF, PCEF and PCRF.

An EPS needs to support both PCEF and PCRF functionality to enable dynamic policy and charging control by means of installation of PCC rules based on user and service dimensions. However, an EPS may only support PCEF functionality in which case it shall support static policy and charging control.

NOTE:
The local configuration of PCEF static policy and charging control functionality is not subject to standardization. The PCEF static policy and control functionality is not based on subscription information.

The following applies to the use of dynamic policy and charging control in EPS:

-
The service level (per SDF) QoS parameters are conveyed in PCC rules (one PCC rule per SDF) over the Gx reference point. The service level QoS parameters consist of a QoS Class Identifier (QCI) Allocation and Retention Priority (ARP) and authorised Guaranteed and Maximum Bit Rate values for uplink and downlink. The QCI is a scalar that represents the QoS characteristics that the EPS is expected to provide for the SDF. ARP is an indicator of the priority of allocation and retention for the SDF. The service level ARP assigned by PCRF in a PCC rule may be different from the bearer level ARP stored in subscription data;

-
The set of standardized QCIs and their characteristics that the PCRF in an EPS can select from is provided in Annex B, table B-1. It is expected that the PCRF selects a QCI in such a way that the IP-CAN receiving it can support it;

-
It is not required that an IP-CAN supports all standardized QCIs;

-
In the case of IP address configuration subsequent to initial attachment, the PDN GW/PCEF shall notify the PCRF of the UE's IP address when it is assigned. If the PCRF response leads to an EPS bearer modification the PDN GW should initiate a bearer update procedure;

-
For local breakout, the visited network has the capability to reject the QoS authorized by the home network based on operator policies.

The following applies regardless of whether dynamic or static policy and charging control is used in EPS:

-
For E-UTRAN the value of the ARP of an EPS bearer is identical to the value of the ARP of the SDF(s) mapped to that EPS bearer;

-
For the same UE/PDN connection: SDFs associated with different QCIs or with the same service-level QCI but different ARP shall not be mapped to the same EPS bearer;

-
The bearer level QCI of an EPS bearer is identical to the value of the QCI of the SDF(s) mapped to that EPS bearer.

Editor's note:
It is FFS if, and if yes then how, a mapping from standardized QCIs to QoS parameter values of a non‑3GPP access technology should be standardized.

Editor's note:
It is FFS whether the PCRF may select a different QCI due to a handover to a different RAT type.

Editor's note:
The inclusion in TS 23.203 of ARP and the associated description of the information that the PCRF takes into account to take a policy decision on ARP is FFS.

********************   Next change  *************************

5.1.2.2 eNodeB - S-GW
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Legend:

-
GPRS Tunnelling Protocol for the user plane (GTP‑U): This protocol tunnels user data between eNodeB and S-GW.

-
User Datagram Protocol (UDP): This protocol transfers user data. UDP is defined in RFC 768 [26].

Figure 5.1.2.2-1: User Plane for eNodeB – S-GW

********************   Next change  *************************

5.2.2
Globally Unique Temporary UE Identity

The MME shall allocate a Globally Unique Temporary Identity (GUTI) to the UE.

The GUTI has two main components:

-
one that uniquely identifies the MME which allocated the GUTI; and

-
one that uniquely identifies the UE within the MME that allocated the GUTI.

Within the MME, the UE is identified by the M-TMSI.

The Globally Unique MME Identifier (GUMMEI) is constructed from MCC, MNC and MME Identifier (MMEI).

In turn the MMEI is constructed from an MME Group ID (MMEGI) and an MME Code (MMEC).

The GUTI is constructed from the GUMMEI and the M-TMSI.

For paging, the UE is paged with the S-TMSI. The S-TMSI is constructed from the MMEC and the M-TMSI.

The operator needs to ensure that the MMEC is unique within the MME pool area and, if overlapping pool areas are in use, unique within the area of overlapping MME pools.

The GUTI is used to support subscriber identity confidentiality, and, in the shortened S-TMSI form, to enable more efficient radio signalling procedures (e.g. paging and Service Request).

********************   Next change  *************************

5.3.2
Attach procedure

5.3.2.1
E-UTRAN Initial Attach

A UE/user needs to register with the network to receive services that require registration. This registration is described as Network Attachment. The always-on IP connectivity for UE/users of the EPS is enabled by establishing a default EPS bearer during Network Attachment. The PCC rules applied to the default EPS bearer may be predefined in the PDN GW and activated in the attachment by the PDN GW itself. The Attach procedure may trigger one or multiple Dedicated Bearer Establishment procedures to establish dedicated EPS bearer(s) for that UE. During the attach procedure, the UE may request for an IP address allocation. Terminals utilising only IETF based mechanisms for IP address allocation are also supported.

During the Initial Attach procedure the Mobile Equipment Identity may be obtained from the UE. The MME operator may check the ME Identity with an EIR. At least in roaming situations, the MME should pass the ME Identity to the HSS, and, if a PDN-GW outside of the VPLMN, should pass the ME Identity to the PDN-GW.
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Figure 5.3.2.1-1: Attach procedure

NOTE 1:
For a PMIP-based S5/S8, procedure steps (A), (B), and (C) are defined in TS 23.402 [2]. Steps 6, 9, 13, 14 and 15 concern GTP based S5/S8.

NOTE 2:
The Serving GWs and PDN GWs involved in steps 6 and/or 9 may be different to those in steps 12 to 16.

1.
The UE initiates the Attach procedure by the transmission of an Attach Request (IMSI or old GUTI, last visited TAI (if available), UE Network Capability, PDN Address Allocation, Protocol Configuration Options, Attach Type, KSI, NAS sequence number, NAS-MAC) message together with an indication of the Selected Network to the eNodeB. IMSI shall be included if the UE does not have a valid GUTI available. If the UE has a valid GUTI, it shall be included. If available, the last visited TAI shall be included in order to help the MME to produce a good list of TAIs for any subsequent Attach Accept message. Selected Network indicates the PLMN that is selected for network sharing purposes. UE Network Capability is described in clause "UE capabilities". If the UE has valid security parameters, the Attach Request message shall be integrity protected by the NAS-MAC in order to allow validation of the UE by the MME. KSI is included if the UE has valid security parameters. NAS sequence number indicates the sequential number of the NAS message. Furthermore, the UE may cipher the parts of the Attach Request message that require ciphering (it is FFS whether there are any such parts). If the UE does not have a valid NAS security association, then the Attach Request message is neither integrity protected nor ciphered. In this case the security association is established in step 5a. The UE network capabilities indicate also the supported NAS and AS security algorithms. The PDN Address Allocation indicates whether the UE wants to perform the IP address allocation during the attach procedure and, when known, it indicates the UE IP version capability (IPv4, IPv4/IPv6, IPv6), which is the capability of the IP stack associated with the UE. Protocol Configuration Options (PCO) are used to transfer parameters between the UE and the PDN GW, and are sent transparently through the MME and the Serving GW. Attach Type indicates "Handover" when the UE has already an activated PDN GW/HA due to mobility with non-3GPP accesses.

Editor's note:
It's assumed that all the radio capabilities of the UE that the eNodeB has to know in order to handle radio resources for this UE are send to eNodeB upon RRC connection establishment.

2.
The eNodeB derives the MME identity from the GUTI and from the indicated Selected Network. If that MME is not associated with the eNodeB, the eNodeB selects an MME as described in clause 4.3.8.3 on "MME selection function". The eNodeB forwards the Attach Request message to the new MME contained in a S1-MME control message (Initial UE message) together with the Selected Network and an indication of the E-UTRAN Area identity, a globally unique E-UTRAN ID of the cell from where it received the message to the new MME.

3.
If the UE identifies itself with GUTI and the MME has changed since detach, the new MME sends an Identification Request (old GUTI, complete Attach Request message) to the old MME to request the IMSI. If the S-TMSI and old TAI identifies an SGSN, the message shall be sent to the old SGSN. The old MME/SGSN responds with Identification Response (IMSI, Authentication Quintets, NAS security context). If the UE is not known in the old MME/SGSN or if the integrity check for the Attach Request message fails, the old MME/SGSN responds with an appropriate error cause.

4.
If the UE is unknown in both the old MME/SGSN and new MME, the new MME sends an Identity Request to the UE to request the IMSI. The UE responds with Identity Response (IMSI).

5a
If no UE context for the UE exists anywhere in the network, if the Attach Request (sent in step 1) was not integrity protected, or if the check of the integrity failed, then authentication and NAS security setup are mandatory. Otherwise it is optional. The authentication and NAS security setup functions are defined in clause "Security Function".

5b.
The ME Identity shall be retrieved from the UE at Initial Attach when Attach Type does not indicate handover. Otherwise it is optional. The ME identity shall be transferred encrypted. The MME may send the ME Identity Check Request (ME Identity, IMSI) to the EIR. The EIR shall respond with ME Identity Check Ack (Result). Dependent upon the Result, the MME decides whether to continue with this Attach procedure or to reject the UE.

Editor's note:
It is FFS whether NAS security setup and ME identity retrieval can be combined in the case when both procedures are to be performed.

6.
If there are active bearer contexts in the new MME for this particular UE (i.e. the UE re-attaches to the same MME without having properly detached before), the new MME deletes these bearer contexts by sending Delete Bearer Request (TEIDs) messages to the GWs involved. The GWs acknowledge with Delete Bearer Response (TEIDs) message. If a PCRF is deployed, the PDN GW interacts with the PCRF to indicate that resources have been released
7.
If the MME has changed since the last detach, or if there is no valid subscription context for the UE in the MME, or if the ME identity has changed, the MMEsends an Update Location (MME Identity, IMSI, ME Identity) to the HSS.

8.
The HSS sends Cancel Location (IMSI, Cancellation Type) to the old MME with Cancellation Type set to Update Procedure. The old MME acknowledges with Cancel Location Ack (IMSI) and removes the MM and bearer contexts.

9.
If there are active bearer contexts in the old MME for this particular UE, the old MME deletes these bearer contexts by sending Delete Bearer Request (TEIDs) messages to the GWs involved. The GWs return Delete Bearer Response (TEIDs) message to the old MME. If a PCRF is deployed, the PDN GW interacts with the PCRF to indicate that resources have been released.
10.
The HSS sends Insert Subscriber Data (IMSI, Subscription Data) message to the new MME. The Subscription Data contains the list of all APNs that the UE is permitted to access, an indication about which of those APNs is the Default APN, and the 'EPS subscribed QoS profile' (see clause 4.7.3) for each permitted APN. The new MME validates the UE's presence in the (new) TA. If due to regional subscription restrictions or access restrictions the UE is not allowed to attach in the TA, the new MME rejects the Attach Request with an appropriate cause, and may return an Insert Subscriber Data Ack message to the HSS. If subscription checking fails for other reasons, the new MME rejects the Attach Request with an appropriate cause and returns an Insert Subscriber Data Ack message to the HSS including an error cause. If all checks are successful then the new MME constructs a context for the UE and returns an Insert Subscriber Data Ack message to the HSS. The Default APN shall be used for the remainder of this procedure.

11.
The HSS acknowledges the Update Location message by sending an Update Location Ack to the new MME. If the Update Location is rejected by the HSS, the new MME rejects the Attach Request from the UE with an appropriate cause.

12.
If the PDN subscription context contains no PDN GW address the new MME selects a PDN GW as described in clause PDN GW selection function. If the PDN subscription profile contains a PDN GW address and the Attach Type does not indicate "Handover" the MME may select a new PDN GW as described in clause PDN GW selection function, e.g. to allocate a PDN GW that allows for more efficient routing. The new MME selects a Serving GW as described in clause 4.3.8.2 on Serving GW selection function and allocates an EPS Bearer Identity for the Default Bearer associated with the UE. Then it sends a Create Default Bearer Request (IMSI, MSISDN, MME Context ID, PDN GW address, APN, RAT type, Default Bearer QoS, PDN Address Allocation, AMBR, EPS Bearer Identity, Protocol Configuration Options, ME Identity, User Location Information (ECGI), Serving Network) message to the selected Serving GW. The RAT type is provided in this message for the later PCC decision. The AMBR applied to the relevant PDN access is also provided in this message. The MSISDN is included if provided in the subscription data from the HSS.

Editor's note:
It is FFS how static IP address allocation is managed.

13.
The Serving GW creates a new entry in its EPS Bearer table and sends a Create Default Bearer Request (IMSI, MSISDN, APN, Serving GW Address for the user plane, Serving GW TEID of the user plane, Serving GW TEID of the control plane, RAT type, Default Bearer QoS, PDN Address Allocation, AMBR, EPS Bearer Identity, Protocol Configuration Options, ME Identity, User Location Information (ECGI), Serving Network) message to the PDN GW indicated by the PDN GW address received in the previous step. After this step, the Serving GW buffers any downlink packets it may receive from the PDN GW until receives the message in step 21 below. The MSISDN is included if received from the MME.

14.
If dynamic PCC is deployed, the PDN GW interacts with the PCRF to get the default PCC rules for the UE. This may lead to the establishment of a number of dedicated bearers following the procedures defined in clause 5.4.1 in association with the establishment of the default bearer, which is described in Annex F.


The IMSI, UE IP address, User Location Information (ECGI), Serving Network, RAT type, AMBR, Default Bearer QoS are provided to the PCRF by the PDN GW if received by the previous message. The User Location Information is used for location based charging.

NOTE:
While the PDN GW/PCEF may be configured to activate predefined PCC rules for the default bearer, the interaction with the PCRF is still required to provide e.g. the UE IP address information to the PCRF.


If dynamic PCC is not deployed, the PDN GW may apply local QoS policy.

Editor's note: 
It is FFS if the AMBR shall be sent to the PCRF, and if the PCRF is allowed to change the value of the AMBR.

Editor's note:
The parameters used for User Location Information are FFS.

Editor's note:
It is FFS which kind of information will be provided by the PCRF.

15.
The PDN GW returns a Create Default Bearer Response (PDN GW Address for the user plane, PDN GW TEID of the user plane, PDN GW TEID of the control plane, PDN Address Information, EPS Bearer Identity, Protocol Configuration Options, UL TFT) message to the Serving GW. PDN Address Information is included if the PDN GW allocated a PDN address Based on PDN Address Allocation received in the Create Default Bearer Request. PDN Address Information contains an IPv4 address for IPv4 and/or an IPv6 prefix and an Interface Identifier for IPv6. The PDN GW takes into account the UE IP version capability indicated in the PDN Address Allocation and the policies of operator when the PDN GW allocates the PDN Address Information. Whether the IP address is negotiated by the UE after completion of the Attach procedure, this is indicated in the Create Default Bearer Response. The IP address allocation details are described in the clause 5.3.1 "IP Address Allocation".

16.
The Serving GW returns a Create Default Bearer Response (PDN Address Information, Serving GW address for User Plane, Serving GW TEID for User Plane, Serving GW Context ID, EPS Bearer Identity, PDN GW addresses and TEIDs (GTP-based S5/S8) or GRE keys (PMIP-based S5/S8) at the PDN GW(s) for uplink traffic, Protocol Configuration Options, UL TFT) message to the new MME. PDN Address Information is included if it was provided by the PDN GW.

17.
The new MME sends an Attach Accept (APN, GUTI, PDN Address Information, TAI List, EPS Bearer Identity, Session Management Configuration IE, Protocol Configuration Options, KSI, NAS sequence number, NAS-MAC, NAS security algorithm) message to the eNodeB. GUTI is included if the new MME allocates a new GUTI. This message is contained in an S1_MME control message Initial Context Setup Request. This S1 control message also includes the AS security context information for the UE, the Handover Restriction List, the bearer level QoS parameters, EPS Bearer Identity and the AMBR associated with the PDN Address Information, and QoS information needed to set up the radio bearer, as well as the TEID at the Serving GW used for user plane and the address of the Serving GW for user plane. The PDN address information, if assigned by the PDN GW, is included in this message. If the UE has UTRAN or GERAN capabilities, the MME uses the EPS bearer QoS information to derive the corresponding PDP context parameters QoS Negotiated (R99 QoS profile), Radio Priority and Packet Flow Id and includes them in the Session Management Configuration. If the UE indicated in the UE Network Capability it does not support BSS packet flow procedures, then the MME shall not include the Packet Flow Id. Handover Restriction List is described in clause 4.3.5.7 "Mobility Restrictions". The UL TFT shall be included in the Session Management Configuration IE.


NAS security algorithm indicates the NAS algorithm selected by the MME. This information element shall not be ciphered. The MME starts using the indicated NAS security algorithm with this NAS message.

18.
The eNodeB sends the RRC Connection Reconfiguration message including the EPS Radio Bearer Identity to the UE, and the Attach Accept message  will be sent along to the UE. The UE shall store the QoS Negotiated, Radio Priority, Packet Flow Id, which it received in the Session Management Configuration, for use when accessing via GERAN or UTRAN. The UE shall ignore the IPv6 prefix information in PDN Address Information. The APN is provided to the UE to notify it of the APN for which the activated default bearer is associated. The UE uses the uplink packet filter (UL TFT) to determine the mapping of uplink packets to the radio bearer. For further details, see TS 36.331 [37].

NOTE:
The IP address allocation details are described in the clause 5.3.1 "IP Address Allocation".

19.
The UE sends the RRC Connection Reconfiguration Complete message to the eNodeB. This message includes the Attach Complete (EPS Bearer Identity, NAS sequence number, NAS-MAC) message. For further details, see TS 36.331 [37]. With the Attach Complete message the UE starts using the NAS security algorithm indicated by the MME, i.e. the Attach Complete message shall be protected by the NAS security algorithm indicated by the MME.

20.
The eNodeB forwards the Attach Complete message to the new MME in an S1 control message. This S1 control message includes the TEID of the eNodeB and the address of the eNodeB used for downlink traffic on the S1_U reference point.


After the Attach Accept message and once the UE has obtained a PDN Address Information, the UE can then send uplink packets towards the eNodeB which will then be tunnelled to the Serving GW and PDN GW.

21.
The new MME sends an Update Bearer Request (eNodeB address, eNodeB TEID) message to the Serving GW.

22.
The Serving GW acknowledges by sending Update Bearer Response (EPS Bearer Identity) message to the new MME. The Serving GW can then send its buffered downlink packets.

23.
After the MME receives Update Bearer Response (EPS Bearer Identity) message, if an EPS bearer was established and the subscription data indicates that the user is allowed to perform handover to non-3GPP accesses, and if the MME selected a PDN GW that is different from the PDN GW address which was indicated by the HSS in the PDN subscription context, the MME shall send an Update Location Request including the APN and PDN GW address to the HSS for mobility with non-3GPP accesses.

24.
The HSS stores the APN and PDN GW address pair and sends an Update Location Response to the MME.

********************   End of changes  ************************
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