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1. Introduction

An important aspect to take decision on when it comes to the architecture of LTE is the control plane architecture of the radio interface. This paper discusses the LTE control plane architecture and focuses on the functional division between eRRC and MAC.

The eRRC protocol is addressed more in detail in section 3, but on an overall level it handles functions like assignment of identities, configuration of lower protocol layers, mobility and control of security.

The MAC protocol addressed more in detail in section 5 and includes both control and user plane functions. Focusing on the control plane, the MAC would typically handle scheduling and assignment of radio resources to UEs. 

2. Functional Overview of RRC
2.1. Rel-6 RRC Functions

Current Rel-6 lists a large number of functions currently residing within the RRC protocol. Below is an extract and adaptation of these functions taken from TS 25.301 [1], grouped on high level. 

- RRC functions (Rel-6) -

· Assignment of temporary radio identity and radio resources 

· Mobility handling

· Paging

· QoS control

· Measurement handling

· Security functions

· Broadcast

· MBMS

· Other functions

· CBS functions

It is proposed to use this list of functions as a starting point for eRRC in LTE. 
3. eRRC Functions

3.1. Assignment of temporary radio identity 

In R99 assignment of temporary radio identities and radio resources is handled by RRC. Similar as for HSDPA and E-DCH, it is for LTE proposed to handle the assignment of temporary radio identities on eRRC level and the assignment of radio resources on MAC level:
Temporary identities are assigned in an eRRC message and include both the e.g. U-RNTI (including security associations) and MAC-id
. Mac-id is cell specific whereas U-RNTI is a NW unique identity. U-RNTI exists in both LTE Idle and LTE Active. The MAC-id is present only in the LTE Active state. The State model for LTE is further discussed in [a]. 
The Assignment of radio resources needed for the UE connection from both the control and user plane is accommodated by MAC and is not considered part of eRRC (Intra cell).
3.2. State handling
RRC controls the state transition between LTE Detached, LTE Active and LTE Idle. The transitions within LTE_Active (MAC_Dormant and MAC_Active), is controlled in MAC, see section ‎6.2. The overall proposed state model for LTE is further discussed in [3]
3.3. Mobility handling

For LTE_Active mode mobility the eRRC layer enables handover evaluation through measurements and execution by measurement control. The LTE_Active mobility is further described in [5].  
eRRC is also responsible for cell assignment done at LTE_Detached to LTE_Active transition and cell re-selection in LTE idle mode. Selection of the most suitable cell is based on LTE_Idle mode measurements and cell re-selection 

3.4. Paging
The RRC layer can send paging information from the network to selected UEs in order to trigger a state transition from LTE_Idle to LTE_Active. In LTE_Idle mode UE the paging is per Tracking Area, whereas the MAC Dormant to MAC Active[a] transition for UE terminated transmission is a UE-NodeB interaction controlled by scheduling commands on the scheduling channel and is controlled in MAC. 
3.5. QoS control

Most QoS functions are located in MAC including QoS provisioning through scheduling. eRRC configures lower layers with e.g. retransmission mode and priority per flow. It is for further study whether eRRC will provide of QoS parameters to the UE. 
3.6. Measurement handling

The measurement handling and control function of eRRC entail measurement type, measurement frequency and reporting criteria, mainly for cell/RAT assignment and mobility handling. The measurement is configured by eRRC and is accommodated by the MAC scheduler when applicable. eRRC layer also performs the reporting of the measurements from the UE to the network.  
3.7. Security functions

The security function of eRRC comprises the control of ciphering and integrity protection for signaling (NAS and eRRC) and user data between the UE and E-UTRAN. Security is discussed in [c]. If there is no UP integrity protection the CP integrity protection is made in eRRC.
3.8. Broadcast of System Information
The System Information will contain both AS and NAS information. Note that the System Information probably will be a RRC coded messages (FFS).
3.9. MBMS

eRRC controls the operation of MBMS point-to-point and point-to-multipoint radio bearers.
3.10. CBS

It has already been concluded not to have CBS in LTE.
4. MAC Overview

4.1. Rel-6 MAC Functions

Current Rel-6 lists a large number of functions currently residing within the MAC protocol. Some of these functions are currently located in the RNC and some are located in Node B. Below is a extract and adaptation of these functions taken from ‎[4] and grouped on a high level. It is proposed to use this list of functions as a starting point for MAC in LTE. 

-MAC Functions-

Scheduling:

· priority handling between UEs by means of dynamic scheduling
· traffic volume measurement 

· generation of uplink scheduling information to assist with E-DCH resource allocation 
· UL Provided Bit-rate measurement 
· priority handling between data flows of one UE 
· selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate

H-ARQ
· control of transmission and reception including support of HARQ;

· DSCH Provided Bit Rate measurement;

· control of UL transmission and reception including support of HARQ
Identification of logical channels

· mapping between logical channels and transport channels 

· multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels;

· multiplexing/demultiplexing of upper layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels 
· identification of UEs on common transport channels;
· identification of MBMS services on common transport channels
Other

· Transport Channel type switching;

· ciphering for transparent mode RLC; 

· Access Service Class selection for RACH transmission
5. MAC for LTE

5.1. Scheduling

5.1.1 Priority handling between data flows of one UE

The priority handling between data flows of one UE is an integrated part of the scheduling functionality. The scheduling functionality is natural to place in MAC in the Node B since a fast adaptation to the instantaneous radio resources is needed.

5.1.2 Traffic volume measurement

The traffic volume measurements are needed to give appropriate input to the scheduling mechanism and to facilitate other RRM decisions. The functionality intended here is primarily the measurement itself which is proposed to be placed in MAC. Measurements are performed in both Node B and UE and for the measurements performed in the UE, the measurement results are then transmitted to the network in the form of scheduling requests and eRRC measurement reports. 
5.1.3 Generation of uplink scheduling information to assist with E-DCH resource allocation
Scheduling information needs to be provided by the UE to the Node B scheduler to make efficient scheduling decisions. It is proposed that MAC in the UE performs the needed measurements (primarily traffic volume measurements) and transmits the measurement results in the form of scheduling requests to the Node B.
5.1.4 UL Provided Bit-rate measurement
It is FFS which measurements on resource utilization (e.g. bit rate) that need to be provided to eRRC. Any needed measurements are performed by MAC under configuration by eRRC.

5.1.5 Priority handling between UEs by means of dynamic scheduling

The priority handling between UEs is an integrated part of the scheduling and is naturally placed in MAC. See also section ‎5.1.1.

5.1.6 Selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate
User plane function in MAC

5.2. H-ARQ

5.2.1 Control of DSCH transmission and reception including support of HARQ
The control of the transmissions on the DL shared channel includes scheduling, control of HARQ retransmissions, data reordering and control of soft combining. This functionality is proposed to be placed in MAC2.
5.2.2  DSCH Provided Bit Rate measurement
It is FFS which measurements on resource utilization (e.g. bit rate) that need to be provided to eRRC. Any needed measurements are performed by MAC under configuration by eRRC.
5.2.3 Control of UL transmission and reception including support of HARQ
The control of the transmissions on the UL shared channel includes scheduling, control of HARQ retransmissions and control of soft combining. This functionality is proposed to be placed in MAC
.
5.3. Identification of logical Channels

5.3.1 Mapping between logical channels and transport channels

The mapping between logical channels and transport channels is placed in MAC.

5.3.2 Identification of UEs on common transport channels 

In LTE it is not clear to what extent signaling will be sent on common transport channels but at least the scheduling request is likely to be sent on a RACH channel. This functionality is therefore needed and is proposed to be placed in MAC.

5.3.3 Identification of MBMS services on common transport channels
The identification of MBMS services is assumed to be done by fields in the MAC headers in the same way as in Rel-6.
5.3.4 Multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels

Multiplexing of logical channels to transport channels is needed when several logical channels share the same transport channel. For LTE it is proposed to perform the multiplexing in MAC.

5.3.5 Multiplexing/demultiplexing of upper layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels

No dedicated transport channels are foreseen in LTE and this functionality is therefore not needed.

5.4. Other
5.4.1 Transport Channel type switching

In Rel-6 the transport channel type switching is decided by RRC but executed by MAC. The transport channel structure included in the RAN2 TR, with only one shared transport channel for downlink and one for uplink means that it may be possible to omit the transport channel type switching completely. Note however that it is still FFS if two separate transport channels are needed for dynamic or semi-static resource allocation. If two separate transport channels are used there would be a need for channel switching which would both be decided by and executed by MAC. The uplink scheduling requests are most likely transmitted on a separate transport channel (RACH) but no channel switch is foreseen to be involved.

The proposal is to remove the transport channel type switching and only use one type of shared transport channel.

5.4.2 Ciphering for transparent mode RLC
Not applicable on LTE
5.4.3 Access Service Class selection for RACH transmission
Not applicable on LTE
6. New MAC functions for LTE
6.1. The Assignment of radio resources 

The radio resources needed for the UE connection from both the control and user plane is accommodated by MAC
.
6.2. MAC state handling

The states LTE_active and LTE_Idle have been agreed in RAN2. It is likely that the LTE_Active state further contains MAC level sub states, MAC_Active and MAC_Dormant to capture different level of user activity and time synchronization of the UE. The state transitions between MAC_Active and MAC_Dormant are proposed to be decided by and executed by the MAC layer in the Node B to reduce transition times. The overall proposed state model for LTE is further discussed in [a]
7. Conclusions and proposal
This paper discusses the LTE control plane architecture with focus on the functional division between eRRC and MAC. Below is a summary of the functions discussed. It is proposed to add these functional descriptions in 25.813:
eRRC Functions
· Assignment of temporary radio identity

· State handling: RRC controls the state transition between LTE Detached, LTE Active and LTE Idle

· Mobility handling: eRRC layer enables handover and cell re-selection (through measurement handling control) 
· Paging: UEs in LTE_Idle are paged per TA
· Configuring of QoS

· Measurement control (mobility) and reporting of UE measurements to the NW

· Security: control of ciphering and integrity protection for signaling (NAS and eRRC) and user data between the UE and E-UTRAN
· MBMS control

MAC Functions:

· Assignment of radio resources
· MAC state handling: The transition within LTE_Active, MAC_Dormant and MAC_Active, is controlled in MAC

· QoS control and provisioning: Configured by eRRC
· Measurement handling

· Paging: The MAC Dormant to MAC Active[3] transition for UE terminated transmission is controlled by scheduling commands on the scheduling channel
· priority handling between UEs by means of dynamic scheduling
· traffic volume measurement 

· generation of uplink scheduling information to assist with E-DCH resource allocation 
· UL Provided Bit-rate measurement 
· priority handling between data flows of one UE 
· selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate
· control of transmission and reception including support of HARQ;

· DSCH Provided Bit Rate measurement;

· control of UL transmission and reception including support of HARQ
· mapping between logical channels and transport channels 

· multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels;

· multiplexing/demultiplexing of upper layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels 
· identification of UEs on common transport channels;
· identification of MBMS services on common transport channels
· Transport Channel type switching;

· ciphering for transparent mode RLC; 

· Access Service Class selection for RACH transmission
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� The MAC Mac-id is most likely allocated in the NodeB.


� Partly under configuration by eRRC


� Partly under configuration by eRRC





