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5
Protocol architecture

5.1
Overall protocol architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (RLC/MAC/PHY) and control plane (RRC) protocol terminations towards the UE. The eNBs interface to the aGW via the S1.

Figure 5.1 below gives an overview of the E-UTRAN architecture where:
-
It remains FFS whether the aGW is split into U- and C-plane;
-
Logical Nodes depicted as yellow-shaded boxes with solid frame are agreed;
-
Logical Nodes depicted as yellow-shaded boxes with dashed frame are not yet agreed;
-
White boxes depict the functional entities of the control plane and blue boxes depict the functional entities of the user plane:

-
Those, where an agreement on their association with logical nodes has been achieved are depicted inside this logical node;

-
Those, where an agreement on their association with logical nodes has not yet been achieved, are depicted outside logical nodes and their possible locations are indicated by arrows;

-
Those, where an agreement on their existence has been achieved are depicted with solid frames;

-
Those, where an agreement on their existence has not been achieved are depicted with dashed frames.
The MBMS related functions in E-UTRAN are described in section 11.2.
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Figure 5.1: E-UTRAN Architecture

The functions agreed to be hosted by the eNB are:

-
Selection of aGW at attachment;

-
Routing towards aGW at RRC activation;

-
Scheduling and transmission of paging messages;

-
Scheduling and transmission of BCCH information;

-
Dynamic allocation of resources to UEs in both uplink and downlink;

-
The configuration and provision of eNB measurements;

-
Radio Bearer Control;

-
Radio Admission Control;

-
Connection Mobility Control in LTE_ACTIVE state.
The functions agreed to be hosted by the aGW are:

-
Paging origination;

-
LTE_IDLE state management;

-
Ciphering of the user plane;

-
PDCP;

-
SAE Bearer Control (see 3GPP TR 23.882 [6]);

-
Ciphering and integrity protection of NAS signalling.
5.1.1
User plane

Figure 5.1.1 below shows the user-plane protocol stack for E-UTRAN, where:

-
RLC and MAC sublayers (terminated in eNB on the network side) perform the functions listed in section 5.3, e.g.:

- 
Scheduling;

-
ARQ;

-
HARQ;

-
Security sublayer (terminated in aGW on the network side) performs:

-
Ciphering;

-
Integrity protection (FFS);

-
PDCP sublayer (terminated in aGW on the network side) performs the functions listed in section 5.3, e.g.: 

-
Header Compression.

NOTE: 
It is FFS if there is a separate security sublayer or if it is part of PDCP.
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Figure 5.1.1: User-plane protocol stack

5.1.2
Control plane

Figure 5.1.2 below shows the control-plane protocol stack for E-UTRAN. The following working assumptions apply:

-
RLC and MAC sublayers (terminated in eNB on the network side) perform the same functions as for the user plane;

-
RRC (terminated in eNB on the network side) performs the functions listed in section 5.4.2, e.g.: 

- 
Broadcast;

-
Paging;

-
RRC connection management;

-
RB control;

-
Mobility functions;
-
UE measurement reporting and control.
-
NAS (terminated in aGW on the network side) performs among other things:

-
SAE bearer management;

-
Authentication;

-
Idle mode mobility handling;

-
Paging origination in LTE_IDLE;

-
Security control for the signalling between aGW and UE, and for the user plane.
NOTE:
the NAS control protocol is not covered by the scope of this TR and is only mentioned for information.
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Figure 5.1.2: Control-plane protocol stack

5.2
Layer 1

Note:
This section will summarize the Layer 1 in terms of services, functions and transport channels offered to Layer 2 (input from WG1 and 25.814).

5.2.1
Services and functions

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services are described by how and with what characteristics data are transferred over the radio interface. An adequate term for this is “Transport Channel”.

NOTE:
This should be clearly separated from the classification of what is transported, which relates to the concept of logical channels at MAC sublayer.

5.2.2
Transport channels

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
fixed, pre-defined transport format;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:
-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;
-
support for MBMS transmission [FFS].
NOTE:
the possibility to use slow power control depends on the physical layer.
3.
Paging Channel (PCH) characterised by:
-
support for UE discontinuous reception (DRX) to enable UE power saving (DRX cycle is indicated by the network to the UE);

-
requirement to be broadcast in the entire coverage area of the cell;

-
mapped to physical resources which can be used dynamically also for traffic/other control channels.

It is FFS, whether a NCH is included. If yes, it would be characterised by the following attributes:
4.
Notification Channel (NCH) characterised by:
-
support of UE power saving;

-
requirement to be broadcast in the entire coverage area of the cell.


5.
Multicast Channel (MCH) characterised by:
-
requirement to be broadcast in the entire coverage area of the cell;

-
support for L1 combining of MBMS transmission on multiple cells;
-
support for semi-static resource allocation e.g. with a time frame of a long cylic prefix;
It is FFS whether soft combining of MCH is used or not.
Uplink transport channel types are:

1.
Uplink Shared Channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for both dynamic and semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of UL-SCH)

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.
It is FFS, whether a RACH is included. If yes, it would be characterised by the following attributes:

2.
Random Access Channel(s) (RACH) characterised by:

-
limited data field (FFS);

-
collision risk;

NOTE:
the possibility to use open loop power control depends on the physical layer solution.
5.3
Layer 2

Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Convergence Protocol (PDCP). 

This section gives a high level description of the Layer 2 sub-layers in terms of services and functions. Figure 5.3a and Figure 5.3b below depicts the PDCP/RLC/MAC architecture for downlink and uplink respectively, where:

-
Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The SAPs between the MAC sublayer and the RLC sublayer provide the logical channels. The SAPs between the RLC sublayer and the PDCP sublayer provide the radio bearers.

-
The multiplexing of several logical channels on the same transport channel is possible;

-
The multiplexing of radio bearers with the same QoS onto the same priority queue is FFS. If there is no multiplexing of radio bearers onto priority queues, there is only one level of multiplexing in the RLC and MAC sublayers;

-
In the uplink, only one transport block is generated per TTI in the non-MIMO case;

-
In the downlink, the number of transport block is FFS.
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Figure 5.3a: Layer 2 Structure for DL in eNB and aGW
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Figure 5.3.b: Layer 2 Structure for UL in UE

5.3.1
MAC Sublayer

This subclause provides an overview on services and functions provided by the MAC sublayer.

5.3.1.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of RLC PDUs belonging to one or different radio bearers into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Traffic volume measurement reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

-
Mapping of Access Classes to Access Service Classes (FFS for RACH);

-
Padding (FFS);

-
In-sequence delivery of RLC PDUs if RLC cannot handle the out of sequence delivery caused by HARQ (FFS).
NOTE: 
How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.

5.3.1.2
Logical Channels

The MAC sublayer provides data transfer services on logical channels. A set of logical channel types is defined for different kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of information is transferred.

A general classification of logical channels is into two groups:

-
Control Channels (for the transfer of control plane information);

-
Traffic Channels (for the transfer of user plane information).

There is one MAC entity per cell. MAC generally consists of several function blocks (transmission scheduling functions, per UE functions, MBMS functions, MAC control functions, transport block generation…). Transparent Mode is only applied to BCCH (FFS) and PCCH.

5.3.1.2.1
Control Channels

Control channels are used for transfer of control plane information only. The control channels offered by MAC are:

-
Broadcast Control Channel (BCCH)


A downlink channel for broadcasting system control information.

-
Paging (and Notification) Control Channel (P(N)CCH)


A downlink channel that transfers paging information (and also notifications for MBMS FFS). This channel is used when the network does not know the location cell of the UE.

-
Common Control Channel (CCCH)


FFS: this channel is used by the UEs having no RRC connection with the network (need is FFS depending on whether the access mechanism is contained in L1. If RACH is visible as a transport channel, CCCH would be used by the UEs when accessing a new cell or after cell reselection).

-
Multicast Control Channel (MCCH)


A point-to-multipoint downlink channel used for transmitting MBMS control information from the network to the UE, for one or several MTCHs. This channel is only used by UEs that receive MBMS.
NOTE: 
It is FFS how MBMS scheduling is transmitted by either L2/3 signalling on MCCH or L1 signalling.
-
Dedicated Control Channel (DCCH)


A point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. Used by UEs having an RRC connection.

5.3.1.2.2
Traffic Channels

Traffic channels are used for the transfer of user plane information only. The traffic channels offered by MAC are:

-
Dedicated Traffic Channel (DTCH)


A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user information. A DTCH can exist in both uplink and downlink.

-
Multicast Traffic Channel (MTCH)


A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. This channel is only used by UEs that receive MBMS.
5.3.1.3
Mapping between logical channels and transport channels

The figure below depicts the mapping between logical and transport channels (in grey the items for FFS):
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Figure 5.3.1.3: Mapping between logical channels and transport channels

5.3.1.3.1
Mapping in Uplink

In Uplink, the following connections between logical channels and transport channels exist:

-
CCCH can be mapped to RACH: FFS if access procedure is not contained within L1;

-
CCCH can be mapped to Uplink SCH: FFS if just a transient (random) ID is assigned for the resource request, the actual e.g. RRC Connection Request message has still to contain a UE identifier and therefore such message is considered to be a CCCH message, even if it’s transported on the UL-SCH, since the UE is not in RRC_CONNECTED state at this stage;

-
DCCH can be mapped to UL- SCH;

-
DTCH can be mapped to UL-SCH.

5.3.1.3.2
Mapping in Downlink

In Downlink, the following connections between logical channels and transport channels exist:

-
BCCH can be mapped to BCH;

-
BCCH can be mapped to DL-SCH: FFS;

-
PCCH can be mapped to PCH;

-
CCCH can be mapped to DL-SCH: FFS if CCCH exists;

-
DCCH can be mapped to DL-SCH;

-
DTCH can be mapped to DL-SCH;

-
MTCH can be mapped to MCH or DL-SCH: FFS ;

-
MCCH can be mapped to MCH or DL-SCH: FFS.

5.3.2
RLC Sublayer

This subclause provides an overview on services and functions provided by the RLC sublayer.

5.3.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM, UM or TM data transfer (FFS);

-
Error Correction through ARQ;

-
Segmentation according to the size of the TB;

-
Resegmentation when necessary (e.g. when the radio quality, i.e. the supported TB size changes) (FFS if it takes place at PDU or SDU level);

-
Concatenation of SDUs for the same radio bearer is FFS;

-
In-sequence delivery of upper layer PDUs;

-
Duplicate Detection;

-
Protocol error detection and recovery;
-
Flow Control (FFS between aGW and eNB);
-
SDU discard (FFS);

-
Reset (FFS).

5.3.3
PDCP Sublayer

This subclause provides an overview on services and functions provided by the PDCP sublayer.

5.3.3.1
Services and Functions

The main services and functions of the PDCP sublayer include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;

-
Security: ciphering of user plane data (FFS).

NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.

5.3.4
Data flows through Layer 2

Note:
Different flows for different transport channels, logical channels and transfer mode.

5.4
RRC

This subclause provides an overview on services and functions provided by the RRC sublayer.

5.4.1
Services and Functions

The main services and functions of the RRC sublayer include:

-
Broadcast of System Information related to the non-access stratum (NAS);

-
Broadcast of System Information related to the access stratum (AS);

-
Paging;

-
Establishment, maintenance and release of an RRC connection between the UE and E-UTRAN including:

-
 Allocation of temporary identifiers between UE and E-UTRAN;

-
Configuration of radio resources for RRC connection.

-
Security functions including integrity protection for RRC messages (FFS);

-
Establishment, maintenance and release of point to point Radio Bearers including configuration of radio resources for the Radio Bearers;
-
Mobility functions including:

-
UE measurement reporting and control of the reporting for inter-cell and inter-RAT mobility;

-
Inter-cell handover;

-
UE cell selection and reselection and control of cell selection and reselection;

-
Context transfer between eNBs.

-
Notification for multicast/broadcast services (FFS);

-
Establishment, maintenance and release of Radio Bearers for multicast/broadcast services, including configuration of the Radio Bearers (FFS);

-
QoS management functions (FFS is spread across multiple layers);

-
UE measurement reporting and control of the reporting;
-
MBMS control;
-
NAS direct message transfer to/from NAS from/to UE (FFS).
5.4.2
RRC protocol states & state transitions

RRC uses the following states:

-
RRC_IDLE:

-
DRX;

-
Broadcast of system information;

-
Paging;

-
Cell re-selection mobility;

-
The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;

-
No RRC context stored in the eNB.

-
RRC_CONNECTED:

-
UE has an E-UTRAN-RRC connection;

-
UE has context in E-UTRAN;

-
E-UTRAN knows the cell which the UE belongs to;

-
Network can transmit and/or receive data to/from UE;

-
Network controlled mobility (handover);

- 
Neighbour cell measurements;

-
At RLC/MAC level:

- 
UE can transmit and/or receive data to/from network;

- 
UE monitors control signalling channel for shared data channel to see if any transmission over the shared data channel has been allocated to the UE;

- 
UE also reports channel quality information and feedback information to eNB;

-
DRX/DTX period can be configured according to UE activity level for UE power saving and efficient resource utilization. This is under control of the eNB.

5.5
NAS control protocol

This subclause provides an overview on services and functions provided by the NAS control protocol.

NOTE:
the NAS control protocol is not covered by the scope of this TR and is only mentioned for information.

5.5.1
Services and Functions

The main services and functions of the NAS sublayer include:

-
SAE Bearer control (see 3GPP TR 23.882 [6]);

-
LTE_IDLE mobility handling;

-
Paging origination;

-
Configuration and control of PDCP;

-
Configuration and control of Security.
5.5.2
NAS protocol states & state transitions

The NAS control protocol uses the following states:

-
LTE_DETACHED:

-
No RRC entity.

-
LTE_IDLE:

-
RRC_IDLE State;

-
Some information is stored in the UE and in the network:

- 
IP address, etc;

-
Security association (keys, etc);

-
UE capability information (FFS);

-
Radio Bearers (FFS);

-
State transition decided in eNB or aGW (FFS);

-
LTE_ACTIVE:

-
RRC_CONNECTED State;

-
State transition decided in eNB or aGW (FFS);

The following figure reflects how the NAS states relate to the RRC:
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Figure 5.5.2: E-UTRAN RRC protocol states

NOTE:
The applicability of the ID unique in Tracking Area (TAID) in LTE_DETACHED is FFS.

The UE context in the aGW will discriminate the 3 states. The UE context in the eNB will only exist in the LTE_ACTIVE state.

5.6
Identities used over the E-UTRAN radio interface

5.6.1 
NAS related UE identities

NAS related UE identities used in E-UTRAN are assumed to be similar to the NAS identities used in 2G or 3G:

a)
IMSI/IMEI;

b) 
TMSI for MME:

-
Temporary identity allocated by the MME. The scope of the TMSI for MME is FFS.

c)
TMSI for UPE (FFS):

-
Temporary identity allocated by the UPE. 

5.6.2
E-UTRAN related UE identities

The following E-UTRAN related UE identities are used:

a)
C-RNTI:

-
The C-RNTI provides a unique UE identification at the cell level;

-
It is assumed that this identity is used for scheduling unless the cost would turn out to be too high and the introduction of a separate MAC identity would be required.

b)
Random value for contention resolution:

-
During some transient states, the UE is temporarily identified with a random value for contention resolution purposes.

5.6.3
Network entity related Identities

The following identities are used in E-UTRAN for identifying a specific network entity:

a)
MME identity:

- 
It is agreed that a UE in LTE_IDLE establishing an RRC connection has to provide a unique identification of its current MME to the eNB when the connection establishment is initially related to NAS signalling;

-
It is FFS whether this MME identity is also provided when the RRC connection is initially intended for user plane traffic;

-
It is FFS whether this MME identity is provided by the UE to the eNB as a separate identity, or whether this MME identity is included in the TMSI for MME.

b)
eNB identity or cell identity (FFS):

-
The signalling sequence to be followed in case a UE in LTE_ACTIVE accesses a cell in which no UE context has been established yet (kind of “cell update”) is currently not agreed. Identified options are:

1)
In order to obtain the UE context/data from the old eNB, the new eNB directly contacts the old eNB without consulting the aGW;

2)
In order to obtain the UE context/data from the old eNB, the new eNB consults the aGW to obtain the identity of the old eNB;

3)
In order to obtain a UE context, the new eNB contacts the aGW.
-
If it is required for the new eNB to be able to contact the old eNB without involving the aGW (case 1 above), the UE has to provide a network entity related identification that enables the new eNB to contact the old eNB, and that enables the old eNB to uniquely identify the UE for retrieving the correct UE context. For this purpose either an eNB identity or cell identity could be used.

c)
UPE identity (FFS):

-
The signalling sequence to be followed when a UE in LTE_IDLE wants to establish an RRC connection initially intended for user plane traffic is not agreed yet. If it is required to support user plane data transport before the UE context is retrieved from the aGW, the UE might have to provide a UPE identity to the eNB thus enabling the new eNB to contact the UPE directly.

d)
Tracking Area identity (FFS):

-
Unique identification of a Tracking Area in a PLMN.

The following identities are broadcast in every E-UTRAN cell:

a)
Cell identity:

-
Uniquely identifying the cell in the area (size of area is FFS).

b)
One or more Tracking Area identities (FFS):

-
Tracking Area (s) this cell belongs to.

c)
One or more PLMNs:

-
PLMN (s) for which this cell is providing radio access.
---------------------------------------------------- Omitted Sections -------------------------------------------------------
11
MBMS

Note:
From R2-051759: The following issues have to be discussed: need for selective combining within E-UTRA, possibility to perform selective combining between E-UTRA and UTRA; need for L1 combining (simpler with OFDM); FLC across UTRA and E-UTRA, all new requirements of MBMS for LTE…
Note:
In this section, MBMS is a generic mechanism for delivery of broadcast and multicast services. The term, MBMS may be replaced by the other name.
11.1
MBMS E-UTRA/E-UTRAN principles
The E-UTRA/E-UTRAN supports the following principles for MBMS:

-
The MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated and MBMS services to the user;
-
MBMS transmissions from several eNBs may be co-ordinated. Co-ordination of MBMS transmissions with SFNs may be done in several eNBs of an SFN area. SFNs may be differently defined in multiple SFN areas. Alternatively, co-ordination may rely on implicit rules in the eNBs;
-
To avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the network may detect at least one MBMS user interested in the MBMS service in the cell e.g. by polling. It is FFS whether or not it is needed to count the precise number of UEs interested in an MBMS service;
-
UEs in either RRC IDLE or RRC CONNECTED mode are allowed to receive an interested MBMS service;
-
The scheduler may take into account UE capability and MBMS transmission to allow for simultaneous reception of unicast and broadcast services;
-
TDM multiplexing of all MBMS services in one cell should be supported. This allows as low duty cycle as possible in the UE;
-
The PDCP layer performs header compression for MBMS transmission;
-
Single-cell services e.g. like CBS and multi-cell services e.g. with SFN may be supported by different transmission mechanisms;
-
MBMS may be provided on a carrier dedicated to MBMS as well as on a carrier shared with non-MBMS services.
Note: The definition of the carrier will be clarified later.
11.2
MBMS E-UTRA/E-UTRAN functions
The E-UTRAN supporting MBMS comprises eNBs and co-ordinating functions.

The functions hosted by the eNB may be:

-
Scheduling and transmission of MBMS control information;

-
Scheduling of single-cell MBMS transmissions;
-
Transmission of single-cell and multi-cell MBMS services;
-
Radio bearer control for MBMS.
The co-ordinating functions may include:

-
Distribution of MBMS services;
-
Co-ordination of multi-cell MBMS transmissions;

-
MBMS SAE bearer control.
It is FFS which node in E-UTRAN performs the co-ordination functions.
11.3
MBMS E-UTRA/E-UTRAN transmission

A point-to-multipoint radio bearer is used to carry MBMS traffic. It is FFS whether a point-to-point radio bearer is also used to carry MBMS traffic or not.
There may be two types of MBMS transmissions in E-UTRA/E-UTRAN:
a)
Single-cell transmission
-
An MBMS service, e.g. message distribution, is transmitted only on the coverage of a specific cell;

-
An MBMS service may be transmitted on DL-SCH;

-
L1 combining is not supported;
b)
Multi-cell transmission

-
An MBMS service, e.g. mobile TV, is transmitted on the coverage of a group of cells;

-
An MBMS service may be transmitted on MCH;

-
L1 combining is supported e.g. with SFN. It is FFS whether soft combining is supported or not;
-
Synchronous transmission of an MBMS service from the cells is possible.
------------------------------------------ The End of Text Proposal --------------------------------------------
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