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4
Layered overview of radio interface

The protocol architecture for the radio interface is dependent on the mode (A/Gb- or Iu-mode) with which the MS is connected to the network.

i. A/Gb-mode

The protocol architecture for the radio interface for when the MS is in A/Gb-mode is detailed in Figure 1.

The Radio Resource sublayer provides the functions necessary for

-
Radio Resource (RR) management of packet data physical channels (PDCHs); and

-
Radio Link Control and Medium Access Control (RLC/MAC) on packet data physical channels.

As shown in Figure 1, the RR sublayer provides services to the MM and LLC sublayers. The RR sublayer utilises the services of the Data Link layer (signalling layer 2) and the Physical Link layer. The packet logical channels PBCCH, PCCCH (including PPCH, PAGCH and PRACH), PACCH and PDTCH, are multiplexed onto the packet data physical channels on a per radio block basis.
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Figure 1 Protocol architecture of Radio Resource (RR) sublayer and RLC/MAC function

ii. Iu-mode

The protocol architecture for the radio interface for when the MS is  in Iu-mode is shown in Figure 2.

In Iu-mode RRC provides control to MAC, RLC, Data Link Layer, Physical and PDCP. The RLC/MAC function provides a service to PDCP for U-plane data and to the RRC for C-plane data. 
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Figure 2 Radio Interface protocol architecture in Iu-mode
4.1 Layer services
The service provided by the layers of the radio interface is dependent on the mode (A/Gb- or Iu-mode) with which the MS is connected to the network.

i. A/Gb-mode.

The RR sublayer provides services for the transfer of upper layer PDUs using a shared medium between multiple mobile stations and the network. Direct communication is only possible between the network and one or more mobile stations. The RLC/MAC function supports two modes of operation:

-
unacknowledged operation; and

-
acknowledged operation.

The RR sublayer further provides services for the paging of mobile stations.
ii. Iu-mode.

The RLC/MAC sublayer provides services for the transfer of upper layer PDUs using a shared medium between multiple mobile stations and the network. 

The RLC function provides the following services to Upper Layer:-

· Transparent data transfer. This service transmits higher layer PDUs without adding any protocol information.
-
Acknowledged data transfer. This service transmits higher layer PDUs and guarantees delivery to the peer entity.
-
Unacknowledged data transfer. This service transmits higher layer PDUs without guaranteeing delivery to the peer entity.
-
Notification of unrecoverable errors. RLC notifies the upper layer of errors that cannot be resolved by RLC itself by normal exception handling procedures.
· Notification of discard. RLC notifies the upper layer of the higher layer PDUs (RLC SDUs) it discards.

· A local suspend/resume function (FFS): RLC operation may be suspended/resumed if requested by RRC. This service is used when the ciphering parameters need to be changed.

· A stop/continue function (FFS): RLC operation may be stopped/continued if requested by RRC. This service is used at Serving BSS relocation in order to synchronise the PDCP entities in the MS and BSS to realise a loss-less relocation.

· A reset function (FFS)
The MAC function provides the following service to Upper Layer:-

· Data transfer

4.2 Layer functions
The functions provided by the RLC/MAC layers are dependent on the mode (A/Gb- or Iu-mode) with which the MS is connected to the network.

a) A/Gb-mode

The functions provided by the RLC/MAC when the MS is in A/Gb-mode are given below:-

The RLC function defines the procedures for segmentation and reassemble of LLC PDUs into RLC/MAC blocks and, in RLC acknowledged mode of operation, for the Backward Error Correction (BEC) procedures enabling the selective retransmission of unsuccessfully delivered RLC/MAC blocks. In RLC acknowledged mode of operation, the RLC function preserves the order of higher layer PDUs provided to it.

The RLC function provides also link adaptation. 

In EGPRS in RLC acknowledged mode of operation, the RLC function may provide Incremental Redundancy (IR). 

The MAC function defines the procedures that enable multiple mobile stations to share a common transmission medium, which may consist of several physical channels. The function may allow a mobile station to use several physical channels in parallel, i.e. use several timeslots within the TDMA frame.

For the mobile station originating access, the MAC function provides the procedures, including the contention resolution procedures, for the arbitration between multiple mobile stations simultaneously attempting to access the shared transmission medium.

For the mobile station terminating access, the MAC function provides the procedures for queuing and scheduling of access attempts.
b) Iu-mode

The functions provided by the RLC and MAC when the MS is in Iu-mode are given below:-

i. RLC function

The functions provided by the RLC when  the MS are in Iu-mode given in Table 1. Transparent RLC mode provides no functionality.

	
	Acknowledged RLC
	Unacknowledged RLC
	Transparent RLC

	Segmentation of upper layer PDUs into RLC data blocks
	Χ
	Χ
	

	Concatenation of upper layer PDUs into RLC data blocks
	Χ
	Χ
	

	Padding to fill out an RLC data block
	Χ
	X
	

	Backward Error Correction (BEC) procedures enabling the selective retransmission of RLC data blocks
	Χ
	
	

	Discard of RLC SDUs not yet segmented into RLC PDUs, according to the delay requirements of the associated Radio Bearer
	Χ
	
	

	Reassembly of RLC data blocks into upper layer PDUs
	Χ
	X
	

	In-sequence delivery of upper layer PDUs
	Χ
	
	

	Link Adaptation
	Χ
	X
	

	Ciphering
	Χ
	X
	

	Sequence number check to detect lost RLC blocks
	
	X
	


Table 1 RLC functions when MS is in Iu mode

ii. MAC function

The functions of the MAC when the MS in Iu-mode include:-

-
Configuring the mapping between logical channels and basic physical subchannels. The MAC is responsible for configuring the mapping of logical channel(s) onto the appropriate basic physical subchannel(s).

-
Defining logical channels to be used for each radio bearer service.

· Assignment, reconfiguration and release of shared radio resources for a TBF. The MAC layer may handle the assignment of radio resources needed for a TBF including needs from both the control and user plane. The MAC layer may reconfigure radio resources of a TBF.

· MS measurement reporting and control of the reporting. The MAC layer is responsible for sending information that control the MS measurement reporting when using PBCCH or PACCH channels. The MAC layer also performs the reporting of the measurements from the MS to the network using PACCH. 

· Broadcasting/listening of/to PBCCH and PCCCH. The MAC layer broadcasts/listens (to) the PBCCH of the serving cell for the sending/decoding of packet system information messages. The MAC layer listens to the BCCH of neighbouring cells for neighbour cell measurements. The MAC layer also sends paging information on the PCCCH or monitors the paging occasions according to the DRX cycle.

· Timing advance control. The MAC layer controls the operation of timing advance on shared basic physical subchannels.

·  Ciphering and deciphering (only in combination with transparent RLC mode)
When the MAC is providing services to a non-transparent RLC mode entity, the MAC supports the following additional functions:-
· Ciphering. It is FFS whether layer 2 control blocks (RLC/MAC PDUs) shall be ciphered
-
Identification of different traffic flows of one or more MSs on the basic physical subchannels. Inband identification is needed to address a flow to an MS in the downlink or identify a flow from an MS in the uplink.

-
Multiplexing/demultiplexing of higher layer PDUs. This may include priority handling between data flows of one or more mobile stations, e.g. by attributes of Radio Bearer services.

· Multiplexing/demultiplexing user and control plane data to/from the physical layer for PDTCHs. The MAC layer is responsible for multiplexing/demultiplexing RLC data blocks carried on PDTCH and RLC/MAC control blocks carried on PACCH.
· Scheduling of RLC/MAC data and control PDUs delivered to the physical layer on shared basic physical subchannels. This includes USF and RRBP field monitoring for uplink transfer and sharing radio resources on the downlink.

· Splitting/recombining. This includes splitting/recombining of the RLC/MAC PDU flow belonging to one or more TBF(s) onto/from several shared logical channels. This function does not apply for RLC/MAC control blocks.
4.3
Service primitives

Information flow between layers is performed by the use of Service Primitives. Service Access Points (SAP) and their corresponding Service Primitives for the RR sublayer are defined in 3GPP TS 24.007. The service primitives that are used for passing information to and from the RLC/MAC layer are dependent on the mode that the MS is connected to the network with are defined in the following specifications:-

i. A/Gb-mode

The specifications defining the service primitives that are used for passing information to and from the RLC/MAC layer when the MS is  in A/Gb-mode are shown in Table 2.

	Interface
	Specification

	MAC-PHY
	44.004

	RLC-RR ( User plane )
	43.064

	RLC-RR ( Control plane )
	04.64


Table 2 Specifications that define the RLC/MAC primitives when MS is in A/Gb-mode
ii. Iu-mode

The specifications defining the service primitives that are used for passing information to and from the RLC/MAC layer when the MS is  in Iu-mode are shown in Table 3.

	Interface
	Specification

	MAC-PHY 
	TBD

	RLC-PDCP ( User plane )
	25.322

	RLC-RRC ( Control plane )
	25.322

	MAC-RLC
	TBD


Table 3 Specifications that define the RLC/MAC primitives when MS is in Iu-mode
4.4
Services required from lower layers

The RLC/MAC function uses the services provided by the physical link layer as defined in 3GPP TS 44.004. The services required depend on whether the MS is  in A/Gb or Iu-mode, as given below:-

i. In A/Gb-mode
The RR sublayer may use the services provided by the data link layer as defined in 3GPP TS 44.005. Moreover, the RR sublayer directly uses services provided by the physical layer such as BCCH searching, as defined in 3GPP TS 44.004.
ii. In Iu-mode
The following services are required of the physical layer:-

-
Access capabilities: The physical layer offers logical channels and the transmission services associated to higher layers. Logical channels are multiplexed either in a fixed predefined manner (multiframe structure) or dynamically by the MAC on basic physical subchannels. Basic physical subchannels are the units scheduled on the radio medium. Some are reserved by the network for common use (e.g. for use by a combination of CCCH and BCCH), others are assigned to dedicated connections with MSs (dedicated basic physical subchannels), or are assigned to a shared usage between MSs (shared basic physical subchannels).

· Error detection: The physical layer offers an error protected transmission service, it includes error detection functions and to a lower level, error correction functions. Erroneous received frames may be notified to upper layer and, depending on the need of the upper layer, offered to it. The probability of one or more errors in a physical block transferred by the physical layer is defined in 3G TS 45.005. Due to non specified methods of quality detection, the probability of residual errors in transferred blocks may vary between implementations.

· Measurement of the signal strength of neighbouring base stations. Measurements are transferred to layer 3

· Measurement of the signal quality of the basic physical subchannel used. Measurements are transferred to the MAC layer for reporting to the base station.

· Cell/PLMN selection in idle mode or in packet mode. In idle mode or in packet mode, the physical layer selects the best cell with its BCCH/CCCH (CPBCCH/CCCCH only for COMPACT and for packet mode only) in close co‑operation with layer 3, meeting requirements for PLMN selection specified in 3G TS 42.011.
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