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1. Introduction

This contribution intends to clarify the current situation of the ASN.1 definitions for RRC and also provide some details on how these definitions were produced. A very short introduction to the basic features of ASN.1 is also provided. For more detailed information either the ASN.1 standards or a "how-to" book on the subject is recommended. For instance, [1] is available free of charge (registration required) from http://www.nokalva.com/asn1/larmouth.html.

2.
Basic ASN.1 issues

ASN.1 is a case-sensitive language. Reserved words are written in upper case (for example SEQUENCE, INTEGER), type references are in mixed case starting with an upper case (FrequencyInfo, ReleaseCause) and names of enumerations, constants and names of elements in a structured type are mixed case starting with a lower case (fullRate, maxNoCN-Domains). Note that the keywords may have multiple parts separated by space characters, like for example SEQUENCE OF.

ASN.1 definitions can be split into modules. Definitions can be imported from one module to another. Within each module all definitions are tagged. Tags were originally closely related to the type in the TLV used in Basic Encoding Rules and were important for interworking between different versions of the definitions. However, after 1994 automatic tagging can – and should – be used. This is indicated by the keywords AUTOMATIC TAGS in the module header.

Comments within ASN.1 begin with two hyphen characters (--) and are terminated by another two hyphens or an end of line.

The basic types used in the RRC ASN.1 definitions should be familiar to anyone with a basic knowledge of procedural programming languages. Typical examples are INTEGER, BOOLEAN, BIT STRING, OCTET STRING, NULL and so on. The ENUMERATED construct used when an information element has a limited set of distinct values should also be fairly obvious. Subtyping can also be used to limit the possible range of values.

The SEQUENCE structure in ASN.1 corresponds to e.g. the struct in C. SET is somewhat similar to SEQUENCE, but SET does not define the order in which the components are within the structure whereas this ordering is fixed when using SEQUENCE. SET is not used in the RRC ASN.1 definitions. CHOICE is also pretty self-explanatory – one and only one component in the CHOICE structure can be present. SEQUENCE OF is a list of elements in a fixed order.

For compatibility between different versions an extension marker (...) can be placed within e.g. a sequence, choice or an enumerated type. Components of a sequence can be labeled OPTIONAL.

3.
Some principles used

The ASN.1 definitions have been split into modules, although the module headers are not visible in [2] yet. The class structure used for message encapsulation is in a module of its own, so it can be discarded easily if necessary (for example when using the definitions with TTCN). The PDU definitions have their own module, as do each of the information element groups – core network IEs, user equipment IEs and so on. The constants have their own module as well. The modules do not contain any EXPORTS statements which means that everything defined in the modules is exported. This approach has been chosen to avoid situations where we would like to use an IE defined in module A in module B, but we cannot do so because we are not allowed to edit module A and the IE in question has not been exported.

The messages are presented in the class and PDU modules in the same order as in [3]. Within the other modules alphabetical order has been used. The names of the information elements and messages have been kept as similar to the names used in [2] as possible. However, there are some changes. Hyphens have been added after abbreviations to make the names more readable, since space characters cannot be used. The PDU names do not contain any hyphens.

Regarding the way the messages are specified, there are three issues to be considered:

1. The message contents structure, specified using SEQUENCEs for each message

2. Linking message identifiers and message contents using classes and objects

3. Encapsulating messages using components defined in the class

Regarding issue three above, the data which is to be encoded and sent is defined in the following structure:

RRC-PDU ::= SEQUENCE {


id

RRC-PDU-DESCR.&pduID

({RRC-PDUs}),


value

RRC-PDU-DESCR.&PDUType

({RRC-PDUs}{@id})

}

RRC-PDU-DESCR is the actual class definition. The PDU identifier (pduID) and PDU contents (PDUType) are fields of this class definition. {RRC-PDUs} on the id row means that the field must contain an identifier for one of the PDUs defined in RRC-PDUs (not presented here). On the second row the {@id} links the id and value fields and requires them to be consistent with some row of RRC-PDUs, which corresponds to issue 2 in the list above.

Information element groups have typically been described using SEQUENCEs in the ASN.1 descriptions, especially if the multiplicity of the group may be more than one. In these cases the IE name usually ends in "List" and the IE is a SEQUENCE OF type. The order of the information elements within a PDU or a structured IE is maintained in the ASN.1 definitions with a few exceptions. For example, if there are more than one FDD/TDD choices within the physical channel IE group in a PDU, these choices have been combined into one, which changes the ordering slightly.

The way in which conditional IEs are represented varies slightly, but this will be done more consistently in the next version of the ASN.1 definitions after the way conditional IEs should be used has been agreed upon. In some cases the conditional IEs are simply reduced to being OPTIONAL, whereas in some cases the CONSTRAINED BY structure is used. This structure, however, is little more than a formulated comment. One further way of representing conditionality is to alter the information element structure compared to the tabular format.  For example, the UE internal measurement reporting criteria is presented in tabular format like this:

Information Element/Group name
Presence
Range
IE type and reference
Semantics description

Parameters sent for each UE internal measurement event

1 to <maxEventcount>



   Event ID
M


6a, 6b, 6c, 6d or 6e

   Time-to-trigger
M


Indicates the period of time between the timing of event detection and the timing of sending Measurement Report.

   Tx power threshold
C - clause 1


In event 6a, 6b

Condition
Explanation

Clause 1
This parameter is only sent in event 6a,6b

This information element is represented in the ASN.1 definitions as a SEQUENCE OF UE-InternalCriteria. The UE-InternalCriteria itself is a choice with a component for each of the different events from 6a to 6e. These components then contain the other information elements which apply to the different events.

UE-InternalCriteria ::=


CHOICE {


e6a





UE-6AB-Event,


e6b





UE-6AB-Event,


e6c





TimeToTrigger,


e6d





TimeToTrigger,


e6e





TimeToTrigger

}

UE-6AB-Event ::=



SEQUENCE {


timeToTrigger



TimeToTrigger,


tx-PowerThreshold



Tx-PowerThreshold

}

CONSTRAINED BY is a little problematic since it is not Z.105 compliant, which may cause some problems with SDL and TTCN tools. The cost (in bits) of replacing these constraints with other methods should be examined case by case before deciding which method to use. In any case, any non-Z.105 compliant parts of the ASN.1 should be well documented. Currently in the RRC ASN.1 the CONSTRAINED BY definitions have been used in the following cases:

· URA update confirm message

· Measurement control message

· System information message

· Physical channel IEs: DL-DPCH info

· Physical channel IEs: UL-DPCH info

· Measurement IEs: Intersystem quantity

Note that some of the cases above can be rewritten using Z.105 compliant methods depending on whether some other contributions for WG2 #8 are accepted (the use of conditional information elements, System information message definition).

Some optimization has been done in the ASN.1 definitions as well. For example, the channelisation code in secondary CCPCH info has been defined like this:

         Spreading factor
M

Enumerated(4, 16, 32, 64, 128, 256, 512)


         Code number
M

Integer(0..maxCodeNum)


Here maxCodeNum equals the spreading factor – 1.  This can be expressed in ASN.1 using a CHOICE structure, where the choice label tells us the spreading factor used and the component itself is an integer whose range is limited according to the spreading factor. 

DL-ChannelizationCode ::=

CHOICE {


sf4





INTEGER (0..3),


sf16





INTEGER (0..15),


sf32





INTEGER (0..31),


sf64





INTEGER (0..63),


sf128





INTEGER (0..127),


sf256





INTEGER (0..255),


sf512





INTEGER (0..511)

}

4.
Examples

As an example, consider the following tabular definition of the Active set update message:

Information Element
Presence
Range
IE type and reference
Semantics description

Message Type
M




UE information elements





   U-RNTI
O


New U-RNTI

   Activation time
O




CN information elements





   PLMN identity
O


(Note3)

   CN related information

0 to <MaxNoCNdomains>

CN related information to be provided for each CN domain

      CN domain identity
O


(Note3)

      NAS system info
O


(Note3)







Phy CH information elements





Maximum allowed UL TX power
O




Radio link addition information

0 to <MaxAddRLcount>

Radio link addition information required for each RL to add

   Primary CCPCH info
M


Note 1

   SSDT cell identity
C - ifSSDT




   Downlink DPCH info
M




Radio link removal information

0 to <MaxDelRLcount>

Radio link removal information required for each RL to remove

   Primary CCPCH info
M


Note 1

Gated Transmission Control Info
O


FFS, Note 2

SSDT indicator
O




Condition
Explanation

 IfSSDT
This IE is only sent when SSDT is being used  and a new radio link is added

Range bound
Explanation

MaxAddRLcount
Maximum number of radio links which can be added

MaxDelRLcount
Maximum number of radio links which can be removed/deleted



The same message defined in ASN.1 looks like this:

ActiveSetUpdate ::= SEQUENCE {


-- User equipment IEs



u-RNTI



U-RNTI




OPTIONAL,



activationTime


ActivationTime



OPTIONAL,


-- Core network IEs



plmn-Identity


PLMN-Identity



OPTIONAL,



cn-DomainList


CN-DomainList



OPTIONAL,


-- Physical channel IEs



maxAllowedUL-TX-Power

MaxAllowedUL-TX-Power


OPTIONAL,



radioLinksToAdd


ASU-AddRadioLinkList


OPTIONAL,



radioLinksToDelete

ASU-DelRadioLinkList


OPTIONAL,



gatedTransmissionControlInfo
GatedTransmissionControlInfo

OPTIONAL,



ssdt-Indicator


SSDT-Indicator



OPTIONAL,


...

}

First of all, the message is an extensible sequence and the message type is defined separately in the ASN.1 as explained earlier (the usage of CLASS). The information elements have been grouped like in the tabular description. The CN-DomainList is defined as a SEQUENCE OF CN-Domain with a range of 1 to maxNoCN-Domains, and CN-Domain is a SEQUENCE which contains CN domain identity and NAS system info. 

ASU-AddRadioLinkList is a little more complex. First of all, it is a SEQUENCE OF ASU-AddRadioLink with a range of 1 to maxAddRL-Count. ASU-AddRadioLink in turn is a subtype of a more general DL-RadioLink which is defined like this:

DL-RadioLink ::= 



SEQUENCE {


primaryCCPCH-Info



PrimaryCCPCH-Info



OPTIONAL,


dl-DPCH-Info



DL-DPCH-Info



OPTIONAL,


secondaryCCPCH-Info


SecondaryCCPCH-Info


OPTIONAL,


secondaryFACH-CCPCH-Info

SecondaryCCPCH-Info


OPTIONAL,


secondaryPCH-CCPCH-Info


SecondaryCCPCH-Info


OPTIONAL,


secondaryPICH-CCPCH-Info

SecondaryCCPCH-Info


OPTIONAL,


ssdt-CellIdentity



SSDT-CellIdentity



OPTIONAL

}

Since we only need some of the components of DL-RadioLink in this case we define ASU-AddRadioLink like this:

ASU-AddRadioLink ::=


DL-RadioLink (WITH COMPONENTS {


primaryCCPCH-Info


PRESENT,


dl-DPCH-Info


PRESENT,


secondaryCCPCH-Info

ABSENT,


secondaryFACH-CCPCH-Info
ABSENT,


secondaryPCH-CCPCH-Info

ABSENT,


secondaryPICH-CCPCH-Info
ABSENT,


ssdt-CellIdentity


OPTIONAL


--  The IE above is conditional in the specification

})

Note that SSDT Cell Identity is defined here as optional. This just a temporary solution until we have defined the exact meaning of the condition IfSSDT, i.e. how the condition is evaluated.
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