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1
Introduction
The problem with the SEQUENCE OF SEQUENCE ASN.1 construction has been brought up before in RAN2. And recently it was mentioned during the ASN.1 review. In this document we try to describe this problem in more details and propose to remove the SEQUENCE OF SEQUENCE construction used in the TS 36.331.
2
Discussion
Taking an example below from the current TS 36.331 [1], the SEQUENCE OF SEQUENCE ASN.1 construction contains one inner SEQUENCE which does not have a type definition for its elements. 

SRB-ToAddModList ::=



SEQUENCE (SIZE (1..2)) OF SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}

This ASN.1 snippet is syntactically quite correct.  However, the ASN.1 compiler will generate a temporary name for the inner SEQUENCE structure (see Annex A). The implementation has to rely on this temporary name whenever referring to the elements within the inner SEQUENCE. And each time a new version of the specification is released, the ASN.1 compiler might generate a different name for the same structure and the new name could actually be used for a different structure in the previous version. So any code that refers to the elements within the structure has to be updated at each spec revision. This causes lots of unwanted maintenance work in the implementation. (An example of the code generated by the ASN.1 compiler can be found in Annex A.)
A simple solution to avoid all the implementation overhead and potential errors is to explicitly introduce a Type definition for the inner SEQUENCE as shown below (with the new type name in red).  This construction guarantees that the elements are identified by the same Type name at each compilation. 

SRB-ToAddModList ::=



SEQUENCE (SIZE (1..2)) OF SRB-ToAddModElem
SRB-ToAddModElem ::=



SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}

In past discussions in RAN2, the concern has been raised that using this convention would increase the complexity of the ASN.1 code.  Of course, complexity is always somewhat subjective, but it seems clear that no great complexity is introduced into the ASN.1 by the solution described above. The only difference is one code line added in ASN.1, comparing to the SEQUENCE OF SEQUENCE construction in the rel-8 version of spec; we would argue that the slight increase in code size actually comes with the benefit of greater readability. (If a later extension is introduced to an IE contained inside the entry IE (e.g. RLC-Config-r9), this one extra line would be duplicated to become two code lines in the Rel-9 spec.).  A detailed analysis of such an extension is given in Appendix B.

So clearly the difference in absolute size is minor. And we think the ASN.1 methodology that RAN2 is specifying should best benefit the implementation, not decided by the number of code lines in ASN.1.  At a minimum, any ASN.1 structure where there is some realistic chance that implementation code will need to refer to the inner sequence should avoid using the SEQUENCE OF SEQUENCE construction; however, since it is difficult to predict in advance which structures these will be, we consider that it is safest to avoid the construction entirely.

3
Conclusion

We propose RAN2 to agree on the solution by removing the SEQUENCE OF SEQUENCE construction that solves the fundamental problem completely, and introducing guidelines into the ASN.1 coding annex to indicate that this practice should be maintained.

A CR implementing the changes is provided in R2-091300.
4
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Annex A
Example of ASN.1 compilation

The problems caused by the SEQUENCE OF SEQUENCE construction when the ASN.1 code is compiled and the corresponding data structures are used in the application code in the UE or the eNB could be illustrated by the following example taken from [1]:
-- ASN1START

SchedulingInformation ::=


SEQUENCE (SIZE (1..maxSI-Message)) OF SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512,












spare1, ...},


sib-MappingInfo





SIB-MappingInfo

}

SIB-MappingInfo  ::=



SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=





ENUMERATED {











sibType3, sibType4, sibType5, sibType6,











sibType7, sibType8, sibType9, sibType10,











sibType11, spare7, spare6, spare5,











spare4, spare3, spare2, spare1, ...}
-- ASN1STOP

In fact, this example illustrates two potential problems with the present style of using the ASN.1 code: the SEQUENCE OF SEQUENCE construction and the use of embedded ENUMERATED constructions within a SEQUENCE. The precise nature of the problem could depend on the ASN.1 compiler used. The following extract from an "rrc.h" file is generated by a (typical) ASN.1 compiler:
typedef struct SchedulingInformation {

unsigned short count;

struct _seq72 {


_enum69 si_Periodicity;


SIB_MappingInfo sib_MappingInfo;

} *value;
} SchedulingInformation;
typedef enum _enum69 {


rf8 = 0,


rf16 = 1,


si_Periodicity_rf32 = 2,


si_Periodicity_rf64 = 3,


si_Periodicity_rf128 = 4,


si_Periodicity_rf256 = 5,


rf512 = 6,


si_Periodicity_spare1 = 7

} _enum69;

typedef struct SIB_MappingInfo {

unsigned short count;

SIB_Type *value;
} SIB_MappingInfo;
typedef enum SIB_Type {

sibType2 = 0,

sibType3 = 1,

sibType4 = 2,

sibType5 = 3,

sibType6 = 4,

sibType7 = 5,

sibType8 = 6,

sibType9 = 7,

sibType10 = 8,

sibType11 = 9,

SIB_Type_spare6 = 10,

SIB_Type_spare5 = 11,

SIB_Type_spare4 = 12,

SIB_Type_spare3 = 13,

SIB_Type_spare2 = 14,

SIB_Type_spare1 = 15
} SIB_Type;
The problem is due to the use of arbitrary type identifiers, selected by the compiler more or less on random (or more likely based on some internal state of the compiler when those identifiers are selected). The type identifiers "_seq72" and "_enum69" (indicated in blue above) are two examples of this kind of identifiers. If changes are included in the ASN.1 from one version of the RRC specification to another, or a different version of the compiler is used, it is likely that an internal state in the compiler change when this part of the ASN.1 code is analysed, and therefore, new and different type identifiers are generated for the same thing.
If the application software needs to make use of these type identifiers generated by the compiler, it may cause major maintenance work, if those change from one version of the ASN.1 to the other. All references to those type definitions need to be updated.
A situation where these type identifiers may be needed is for instance in a function call, if a pointer to one element in the sequence of scheduling information needs to be passed to the function. Another situation could be an assignment of values like the si_Periodicity within such a function:
void fun(SchedulingInformation *info) {


int i;

for (i=0; i<((*info).count); i++) {


fun_per_elem(&(*info).value[i]);

}
}
void fun_per_elem(SchedulingInformation::_seq72 *element) {

_enum69 period = si_Periodicity_rf32;


...

(*element).si_Periodicity = period;


...
}
If the use of these type identifiers shall be avoided, given the compilation of the present ASN.1 code, it may require more complex solutions in the application software, potentially less efficient executable code, and a risk of type violations in assignments (which might or might not be accepted by the C/C++ compiler).
Both of these problems can easily be avoided by a few simple guidelines when writing the ASN.1 code:
–
Use an explicit type definition of the "inner" sequence in the SEQUENCE OF SEQUENCE constructions;

–
Use an explicit type definition for the ENUMERATED type, also when the enumeration is used only in one place in the ASN.1 code.

The example from [1] given above would then look something like this:
-- ASN1START

SchedulingInformation ::=


SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfoElement
SchedulingInfoElement ::=


SEQUENCE {

si-Periodicity





SI-Periodicity,


sib-MappingInfo





SIB-MappingInfo

}

SI-Periodicity ::=




ENUMERATED {











rf8, rf16, rf32, rf64, rf128, rf256, rf512,











spare1, ...}

SIB-MappingInfo  ::=



SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=





ENUMERATED {











sibType3, sibType4, sibType5, sibType6,











sibType7, sibType8, sibType9, sibType10,











sibType11, spare7, spare6, spare5,











spare4, spare3, spare2, spare1, ...}

-- ASN1STOP

There is no impact on the ASN.1 transfer syntax if these guidelines are used. There are two new ASN.1 code lines needed in this example, but that is a quite marginal expansion of the ASN.1 code. The change, however, forces the ASN.1 compiler to generate predictable identifiers for the SchedulingInforElement and the SI-Periodicity type definition in the application software, which could be very beneficial for design and maintenance of the SW application.
It could be an interesting side remark that the ASN.1 code in 25.331, at least in the early releases, does mostly respect these simple guidelines, although they do not seem to be documented in writing anywhere. In the more recent releases, the guidelines seem be partly forgotten, because the present style of writing the ASN.1 code in 25.331, tends to be influenced by the style used in 36.331. Consequently, the problem discussed here is a concern also for 25.331.
Annex B
Impact on the ASN.1 code at critical extension

B.1
General

One reason for the present more "compact" way of writing the ASN.1 code, compared to the style applied in the early releases of 25.331 has been to reduce the code expansion when critical extension of the RRC messages is performed. It is indeed true that critical extension of the RRC messages tend to duplicate part of the ASN.1 code. The additional ASN.1 code lines generated by splitting up according to the guidelines proposed above may, of course, add to that expansion.
However, dividing the ASN.1 code in a set of separate type definitions does not necessarily add to the code expansion at critical extensions, because parts of the code that is not affected by the extension may be reused and thus avoid being duplicated. In particular, many of the ENUMERATED type definitions presently embedded within a SEQUENCE could be reduced, instead of being duplicated into a new ENUMERATED type definition in the critically extended message, if they are defined as a separate type and not affected by the extension (or only extended using spare values or the ASN.1 extension marker).
The same benefit is less likely for the "inner" sequence in the SEQUENCE OF SEQUENCE constructions when subject of critical extension. However, the additional expansion is still marginal compared to the general code expansion caused by a critical extension. In the following examples, two versions of the same critical extension are examined: B.2 based on the present ASN.1 code in [1]; and B.2 based on a modified version where the SEQUENCE OF SEQUENCE constructions are modified according to the proposed guidelines.
B.1
Present ASN.1 code
The example shows a fictitious critical extension of the RRCConnectionReconfiguration message, where the IE RLC-Configuration is replaced by a new Rel-9 version. The changes caused by the critical extension are shown with change marks.
In total, 43 new ASN.1 code lines are used for the critical extension (disregarding the new Rel-9 version of the IE RLC-Configuration).
RRCConnectionReconfiguration message
-- ASN1START

RRCConnectionReconfiguration ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionReconfiguration-r8

RRCConnectionReconfiguration-r8-IEs,




rrcConnectionReconfiguration-r9

RRCConnectionReconfiguration-r9-IEs,





spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionReconfiguration-r8-IEs ::= SEQUENCE {


measurementConfiguration


MeasurementConfiguration

OPTIONAL,
-- Need ON


mobilityControlInformation


MobilityControlInformation

OPTIONAL,
-- Need OP


nas-DedicatedInformationList

SEQUENCE (SIZE(1..maxDRB)) OF












NAS-DedicatedInformation
OPTIONAL,
-- Cond nonHO


radioResourceConfiguration


RadioResourceConfigDedicated
OPTIONAL,
-- Need ON


securityConfiguration



SecurityConfiguration


OPTIONAL,
-- Cond HO


nas-SecurityParamToEUTRA


OCTET STRING (SIZE(6))


OPTIONAL,
-- Cond I-RATHO


nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

RRCConnectionReconfiguration-r9-IEs ::= SEQUENCE {


measurementConfiguration


MeasurementConfiguration

OPTIONAL,
-- Need ON


mobilityControlInformation


MobilityControlInformation

OPTIONAL,
-- Need OP


nas-DedicatedInformationList

SEQUENCE (SIZE(1..maxDRB)) OF












NAS-DedicatedInformation
OPTIONAL,
-- Cond nonHO


radioResourceConfiguration


RadioResourceConfigDedicated-r9
OPTIONAL,
-- Need ON


securityConfiguration



SecurityConfiguration


OPTIONAL,
-- Cond HO


nas-SecurityParamToEUTRA


OCTET STRING (SIZE(6))


OPTIONAL,
-- Cond I-RATHO


nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

-- ASN1STOP

RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModifyList




SRB-ToAddModifyList


OPTIONAL, 

-- need ON


drb-ToAddModifyList




DRB-ToAddModifyList


OPTIONAL, 

-- need ON


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfiguration,




defaultValue




NULL


}

OPTIONAL,















-- Need ON

sps-Configuration




SPS-Configuration 


OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Cond Misc


...

}

RadioResourceConfigDedicated-r9 ::=
SEQUENCE {


srb-ToAddModifyList




SRB-ToAddModifyList-r9

OPTIONAL, 

-- need ON


drb-ToAddModifyList




DRB-ToAddModifyList-r9

OPTIONAL, 

-- need ON


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfiguration,




defaultValue




NULL


}

OPTIONAL,















-- Need ON

sps-Configuration




SPS-Configuration 


OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Cond Misc


...

}

SRB-ToAddModifyList ::=



SEQUENCE (SIZE (1..2)) OF SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Configuration




CHOICE {



explicitValue





RLC-Configuration,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

logicalChannelConfig



CHOICE {


explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

...

}

SRB-ToAddModifyList-r9 ::=


SEQUENCE (SIZE (1..2)) OF SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Configuration




CHOICE {



explicitValue





RLC-Configuration-r9,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

logicalChannelConfig



CHOICE {


explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

...

}

DRB-ToAddModifyList ::=



SEQUENCE (SIZE (1..maxDRB)) OF SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)



OPTIONAL,
-- Cond DRB-Setup


drb-Identity





INTEGER (1..32),


pdcp-Configuration




PDCP-Configuration


OPTIONAL,
-- Cond DRB-Setup


rlc-Configuration




RLC-Configuration


OPTIONAL,
-- Cond Setup

logicalChannelIdentity



INTEGER (3..10)



OPTIONAL,
-- Cond DRB-Setup

logicalChannelConfig



LogicalChannelConfig

OPTIONAL,
-- Cond Setup

...

}

DRB-ToAddModifyList ::=



SEQUENCE (SIZE (1..maxDRB)) OF SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)



OPTIONAL,
-- Cond DRB-Setup


drb-Identity





INTEGER (1..32),


pdcp-Configuration




PDCP-Configuration


OPTIONAL,
-- Cond DRB-Setup


rlc-Configuration




RLC-Configuration-r9

OPTIONAL,
-- Cond Setup

logicalChannelIdentity



INTEGER (3..10)



OPTIONAL,
-- Cond DRB-Setup

logicalChannelConfig



LogicalChannelConfig

OPTIONAL,
-- Cond Setup

...

}

DRB-ToReleaseList ::=



SEQUENCE (SIZE (1..maxDRB)) OF SEQUENCE {


drb-Identity





INTEGER (1..32)

}

-- ASN1STOP

B.3
Modified ASN.1 code
The same example, except that the "inner" sequence in the SEQUENCE OF SEQUENCE constructions of the IEs SRB-ToAddModifyList, DRB-ToAddModifyList and DRB-ToReleaseList have been replaced by explicit type definitions.
In total, 45 new ASN.1 code lines are used for the critical extension (disregarding the new Rel-9 version of the IE RLC-Configuration). The difference in the code expansion, compared to the previous example, is just two lines.
RRCConnectionReconfiguration message
-- ASN1START

RRCConnectionReconfiguration ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionReconfiguration-r8

RRCConnectionReconfiguration-r8-IEs,




rrcConnectionReconfiguration-r9

RRCConnectionReconfiguration-r9-IEs,





spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionReconfiguration-r8-IEs ::= SEQUENCE {


measurementConfiguration


MeasurementConfiguration

OPTIONAL,
-- Need ON


mobilityControlInformation


MobilityControlInformation

OPTIONAL,
-- Need OP


nas-DedicatedInformationList

SEQUENCE (SIZE(1..maxDRB)) OF












NAS-DedicatedInformation
OPTIONAL,
-- Cond nonHO


radioResourceConfiguration


RadioResourceConfigDedicated
OPTIONAL,
-- Need ON


securityConfiguration



SecurityConfiguration


OPTIONAL,
-- Cond HO


nas-SecurityParamToEUTRA


OCTET STRING (SIZE(6))


OPTIONAL,
-- Cond I-RATHO


nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

RRCConnectionReconfiguration-r9-IEs ::= SEQUENCE {


measurementConfiguration


MeasurementConfiguration

OPTIONAL,
-- Need ON


mobilityControlInformation


MobilityControlInformation

OPTIONAL,
-- Need OP


nas-DedicatedInformationList

SEQUENCE (SIZE(1..maxDRB)) OF












NAS-DedicatedInformation
OPTIONAL,
-- Cond nonHO


radioResourceConfiguration


RadioResourceConfigDedicated-r9
OPTIONAL,
-- Need ON


securityConfiguration



SecurityConfiguration


OPTIONAL,
-- Cond HO


nas-SecurityParamToEUTRA


OCTET STRING (SIZE(6))


OPTIONAL,
-- Cond I-RATHO


nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

-- ASN1STOP

RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModifyList




SRB-ToAddModifyList


OPTIONAL, 

-- need ON


drb-ToAddModifyList




DRB-ToAddModifyList


OPTIONAL, 

-- need ON


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfiguration,




defaultValue




NULL


}

OPTIONAL,















-- Need ON

sps-Configuration




SPS-Configuration 


OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Cond Misc


...

}

RadioResourceConfigDedicated-r9 ::=
SEQUENCE {


srb-ToAddModifyList




SRB-ToAddModifyList-r9

OPTIONAL, 

-- need ON


drb-ToAddModifyList




DRB-ToAddModifyList-r9

OPTIONAL, 

-- need ON


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfiguration,




defaultValue




NULL


}

OPTIONAL,















-- Need ON

sps-Configuration




SPS-Configuration 


OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Cond Misc


...

}

SRB-ToAddModifyList ::=



SEQUENCE (SIZE (1..2)) OF SRB-ToAddModifyElem
SRB-ToAddModifyElem ::=



SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Configuration




CHOICE {



explicitValue





RLC-Configuration,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

logicalChannelConfig



CHOICE {


explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

...

}

SRB-ToAddModifyList-r9 ::=


SEQUENCE (SIZE (1..2)) OF SRB-ToAddModifyElem-r9
SRB-ToAddModifyElem-r9 ::=


SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Configuration




CHOICE {



explicitValue





RLC-Configuration-r9,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

logicalChannelConfig



CHOICE {


explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup

...

}

DRB-ToAddModifyList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModifyElem

DRB-ToAddModifyElem ::=



SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)



OPTIONAL,
-- Cond DRB-Setup


drb-Identity





INTEGER (1..32),


pdcp-Configuration




PDCP-Configuration


OPTIONAL,
-- Cond DRB-Setup


rlc-Configuration




RLC-Configuration


OPTIONAL,
-- Cond Setup

logicalChannelIdentity



INTEGER (3..10)



OPTIONAL,
-- Cond DRB-Setup

logicalChannelConfig



LogicalChannelConfig

OPTIONAL,
-- Cond Setup

...

}

DRB-ToAddModifyList-r9 ::=


SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModifyElem-r9
DRB-ToAddModifyElem-r9 ::=


SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)



OPTIONAL,
-- Cond DRB-Setup


drb-Identity





INTEGER (1..32),


pdcp-Configuration




PDCP-Configuration


OPTIONAL,
-- Cond DRB-Setup


rlc-Configuration




RLC-Configuration-r9

OPTIONAL,
-- Cond Setup

logicalChannelIdentity



INTEGER (3..10)



OPTIONAL,
-- Cond DRB-Setup

logicalChannelConfig



LogicalChannelConfig

OPTIONAL,
-- Cond Setup

...

}

DRB-ToReleaseList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToReleaseElem

DRB-ToReleaseElem ::=



SEQUENCE {


drb-Identity





INTEGER (1..32)

}

-- ASN1STOP

