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4
Assumed UMTS Architecture

Figure 1a shows the assumed UMTS architecture as outlined in TS 23.110 [1]. GERAN is showed instead of UTRAN. The figure below shows the UMTS architecture in terms of its entities User Equipment (UE) or Mobile Station, GERAN and Core Network. The respective reference points Um (Radio Interface) and Iu (CN-RAN reference) are shown. The figure illustrates furthermore the high-level functional grouping into the Access Stratum and the Non-Access Stratum. 

The Access Stratum offers services through the following Service Access Points (SAP) to the Non-Access Stratum: 

-
General Control (GC) SAPs;

-
Notification (Nt) SAPs; and

-
Dedicated Control (DC) SAPs.

The SAPs are marked with circles in Figure 1a. 
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Figure 1a: Assumed UMTS Architecture
This model can be further refined to distinguish the end AS entities, which provide the services to higher layers, from the local entities, which provide services over respectively the Um and the Iu reference point. Figure 1b presents the refined model.
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Figure 1b: Assumed GERAN Model
Note: It should be noted that this model applies when GERAN connects to the CN via Iucs/Iups interfaces. Whether this model is applicaple for the A/Iups is FFS. 

The Um Stratum block can be further refined as shown in Figure 1c.
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Figure 1c: Assumed Um Stratum Model

5
Radio interface protocol architecture

5.1
Overall protocol structure

The radio interface is layered into three protocol layers: 

-
the physical layer (L1);

-
the data link layer (L2);

-
network layer (L3).

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

Layer 3 and RLC are divided into Control (C-) and User (U-) planes. PDCP exists in the U-plane only.

In the C-plane, Layer 3 is partitioned into sublayers where the lowest sublayer, denoted as Radio Resource Control (RRC), interfaces with layer 2 and terminates in the UTRAN. The next sublayer provides 'Duplication avoidance' functionality as specified in [13]. It terminates in the CN but is part of the Access Stratum; it provides the Access Stratum Services to higher layers. The higher layer signalling such as Mobility Management (MM) and Call Control (CC) are assumed to belong to the non-access stratum, and therefore not in the scope of 3GPP TSG GERAN. On the general level, the protocol architecture is similar to the current ITU-R protocol architecture, ITU-R M.1035.

Figure 2 shows the radio interface protocol architecture. Each block in Figure 2 represents an instance of the respective protocol. Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between MAC and the physical layer provides the logical channels. The SAPs between RLC and the MAC sublayer provide the MAC channels. In the C-plane, the interface between 'Duplication avoidance' and higher L3 sublayers (CC, MM) is defined by the General Control (GC), Notification (Nt) and Dedicated Control (DC) SAPs. 

Also shown in the figure are connections between RRC and MAC as well as RRC and L1 providing local inter-layer control services. An equivalent control interface exists between RRC and the RLC sublayer, between RRC and the PDCP sublayer. These interfaces allow the RRC to control the configuration of the lower layers. For this purpose separate Control SAPs are defined between RRC and each lower layer (PDCP, RLC, MAC, and L1). 

The RLC sublayer provides ARQ functionality closely coupled with the radio transmission technique used.

The GERAN can be requested by the CN to prevent all loss of data (i.e. independently of the handovers on the radio interface), as long as an inter-BSS handover does not take place. This is a basic requirement to be fulfilled by the GERAN retransmission functionality as provided by the RLC sublayer. 

However, in case of the inter-BSS handover, the prevention of the loss of data may not be guaranteed autonomously by the GERAN but relies on 'Duplication avoidance' functions in the CN.
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Figure 2: Radio Interface protocol architecture (Service Access Points marked by circles)

Figure 2 reflects the radio interface protocol architecture as defined specifically in release 2000 connecting to the Iups. Nevertheless, GERAN release 2000 also supports radio interface connecting to a Gb interface or A interface until R99 (i.e. LAPDm based radio interface). Since at a given point of time, the radio interface between the UE and the network is either to an Gb (previous releases as defined in 24.007)or an Iups based on Figure 2, it has been chosen to have a standalone figure for release 00 

RLC/MAC with shared MAC mode is based on 04.60 with potentially no or a minimum number of modifications. This allows for multiplexing of prerelease 00 MSs and release 00 MSs on the same physical subchannel.

RLC and MAC in dedicated mode are shown seperately since a seperation of the two sub-layers into two protocols may be done. If separation is needed is FFS. Also, the basis for the RLC and MAC protocols in dedicated mode is FFS, candidates being either 04.60, UTRAN RLC, UTRAN MAC, or a combination.

Service access points and service primitives

Each layer provides services at Service Access Points (SAPs). A service is defined by a set of service primitives (operations) that a layer provides to upper layer(s). 

Control services, allowing the RRC layer to control lower layers locally (i.e. not requiring peer-to-peer communication) are provided at Control SAPs (C-SAP). Note that C-SAP primitives can bypass one or more sublayers, see Figure 2. 

In the radio interface protocol specifications, the following naming conventions for primitives shall be applicable:

-
Primitives provided by SAPs between adjacent layers shall be prefixed with the name of the service-providing layer, i.e. PHY, MAC, RLC, PDCP, CBC or UUS.

-
Primitives provided by SAPs to an application shall be prefixed with the name of the service-providing layer, i.e. RRC.

-
Primitives provided by Control SAPs, in addition to the name of the service-providing layer, shall be prefixed with a "C", i.e. CPHY, CMAC, CRLC, CPDCP or CCBC.

This principle leads to the following notations, where <Type> corresponds to request, indication, response or confirm type of primitives: 

Primitives between PHY and MAC:

PHY- <Generic name> - <Type>

Primitives between PHY and RRC (over C-SAP):

CPHY- <Generic name> - <Type>

Primitives between MAC and RLC:

MAC- <Generic name> - <Type>

Primitives between MAC and RRC (over C-SAP):

CMAC- <Generic name> - <Type>

Primitives between RLC and upper layers, between RLC and RRC for data transfer and between RLC and PDCP:

RLC- <Generic name> - <Type>

Primitives between RLC and RRC for control of RLC (over C-SAP):

CRLC- <Generic name> - <Type>

Primitives above Uu Stratum:

UUS- <Generic name> - <Type>

Primitives between PDCP and non-access stratum:

PDCP- <Generic name> - <Type>

Primitives between PDCP and RRC (over C-SAP):

CPDCP- <Generic name> - <Type>

Primitives between BMC and upper layer:

5.2
Layer 3 - Um Stratum Services and Functions

This subclause provides an overview on Layer 3 services and functions provided by the Uu Stratum as a whole.

5.4.1
Um Stratum services

5.4.1.1
General Control 

The GC SAP provides an information broadcast service. This service broadcasts information to all UEs in a certain geographical area. The basic requirements from such service are:

-
It should be possible to broadcast non-access stratum information in a certain geographical area.

-
The information is transferred on an unacknowledged mode link. Unacknowledged mode means that the delivery of the broadcast information can not be guaranteed (typically no retransmission scheme is used). It seems reasonable to use an unacknowledged mode link since the information is broadcast to a lot of UEs and since broadcast information often is repeated periodically.

-
It should be possible to do repeated transmissions of the broadcast information (how it is repeated is controlled by the non-access stratum).

-
The point where the UE received the broadcast information should be included, when the access stratum delivers broadcast information to the non-access stratum.

5.4.1.2
Notification

The Nt SAP provides paging and notification broadcast services. The paging service sends information to a specific UE(s). The information is broadcast in a certain geographical area but addressed to a specific UE(s). The basic requirements from such service are:

-
It should be possible to broadcast paging information to a number of UEs in a certain geographical area.

-
The information is transferred on an unacknowledged mode link. It is assumed that the protocol entities in non-access stratum handle any kind of retransmission of paging information.

The notification broadcast service broadcasts information to all UEs in a certain geographical. The basic requirements from this service are typically the same as for the information broadcast service of the GC SAP:

-
It should be possible to broadcast notification information in a certain geographical area.

-
The information is transferred on an unacknowledged mode link.

5.4.1.3
Dedicated Control 

The DC SAP provides services for establishment/release of a connection and transfer of messages using this connection. It should also be possible to transfer a message during the establishment phase. The basic requirements from the establishment/release services are:

-
It should be possible to establish connections (both point and group connections).

-
It should be possible to transfer an initial message during the connection establishment phase. This message transfer has the same requirements as the information transfer service.

-
It should be possible to release connections.

The information transfer service sends a message using the earlier established connection. According to [1] it is possible to specify the quality of service requirements for each message. A finite number of quality of service classes will be specified in [1], but currently no class has been specified. In order to get an idea of the basic requirements, the CC and MM protocols in GSM are used as a reference. A GSM based core network is chosen since it is one main option for UMTS. Considering the existing GSM specification of CC and MM the basic requirements from the information transfer service provided by the 'Duplication avoidance' function are (these are some of the services provided by the combination of a duplication layer, RR and the data link layer in GSM):

-
In-sequence transfer of messages
Messages are delivered to the NAS on the receiver side exactly in the order they have been submitted by the NAS on the sending side, without loss or duplication, except possibly for the loss of last messages in case of connection abortion. 

-
Priority handling
If SMS messages should be transported through the control plane it should be possible to give higher priority to signalling messages.

The CC and MM protocols also expect other services, which can not be supported by the current primitives of the DC SAP, e.g. indication of radio link failure.

The information transfer service is provided by a combination of the services provided by the data link layer, RRC and the 'Duplication avoidance' function. 
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