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1 Introduction

This contribution addresses the need to evolve the specification methodology to ensure the NR RRC specification meets the desired level of conciseness, which we assume should be higher given the additional functionality to be supported. The proposal is to investigate some main areas for improvent and to develop new guidelines covering these.
2 General
Duplication & seperation

AS protocols are typically regarded as general purpose building blocks that support a wide range of applications/ functional areas/ use cases/ verticals. Also for LTE the protocols were, at least initially, designed to be generic and application agnostic. In later LTE releases several new functional areas where added. This resulted in triplication of the specification size i.e. from a compact initial LTE RRC of~200 pages to almost 650 pages (e10), in something like 5 years. It is further noted that the largest growth percentage concerns the ASN.1 part of the specification. Part of this growth is due to the duplication of messages and IEs, in particular for NB-IoT.

We understand that in LTE, both duplication of ASN.1 and separate modules (sidelink, NB-IoT) were introduced mainly for seperatation i.e. to avoid that an implementation not supporting a particular application area has to include the related ASN.1 definitions. Although we acknowledge the need to support separation, we think that in general duplication should be avoided, in particular for ASN.1, as it increases UE complexity as well as the risk of further divergence in future. We think there is a need to investigate alternative ways to separate ASN.1 i.e. means facilitating an implementation to extract only those ASN.1 parts related to the supported applications/ functional areas. 

Objective 1
Minimal duplication, in particular for ASN.1
Note
In case there are ways to extract the relevant ASN.1 parts, it should in principle be possible to maintain a single ASN.1, i.e. to not specify the ASN.1 per release but to have a single specification covering all releases.

Although the first release of NR will already have to support a variety of applications right from the start, some have been deferred to a later phase to cope with the tight schedule. I.e. proper means to add new application areas in future seems equally important for NR. Inspired by the troubles associated with the UMTS toolbox (include any option you that has some support), for LTE, at least initially, the goal was to only introduce essential functionality i.e. simplicity was a key objective (and success factor). We think the same objective should be used for NR, not only because of the challenging time frame for NR.
Objective 2
Compactness, simplicity and extensibility

Grouping

In LTE the RRC signalling was intentionally structured according to generic protocol functions e.g. DRBs with it’s PDCP, RLC and logical channel configuration, a MAC main configuration, cells with its physical configurations parts (a.o. structured according to physical channel/ physical feature e.g. CQI reporting). Consequently, any application/ use case specific extensions, were placed inside the field/ IE of the affected generic protocol function. We think this was mainly done to stimulate commonality and to avoid that for different application areas we end up specifying a complete duplicate branch, as we have done for NB-IoT where we defined separate messages.

Note
There may not always be a very clear distinction feature and protocol feature. I.e. in case a new WI only affects a limited part of the protocol e.g. the physical layer, while the concerned functionality that is added is rather generic, it may actually concern introduction of a generic protocol function. In such case, the concerned extensions may not be added to different existing functions but confined to a single new one.

Some potentially negative consequences of structuring according to protocol function are:

· Dispersion: fields related to a particular feature appear in different parts of the protocol stack.

· Configuration: release of a feature involves clearing of several fields (i.e. additional signalling)

· Extraction: due to the dispersion, it is difficult to remove ASN.1 definitions related to not supported features

Possibly related to the issues indicated in the above, there was a suggestion to structure information according to feature/ application areas e.g. as illustrated by the following figure.
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Fig. 1: RRC information structured according to feature/ applicaton area

Although we are happy to discuss issues and improvements, we still think that commonality still is the primary design criterion for a protocol stack and hence the information structure should again be according to the general protocol functions.

Objective 3
Structuring of information according to generic protocol functions

We would like to note that in LTE extensions are normally added at their default extension location i.e. added to the generic protocol function/ at the place where they logically belong. However, it was recognised earlier that in some cases it may be desirable to add such extension at another location e.g. to reduce extension overhead by grouping it with other extensions somewhat higher in the information structure tree. This approach could be used a.o. to group several extension related to the same feature.
-
When an extension marker is available, non-critical extensions are preferably placed at the location (e.g. the IE) where the concerned parameter belongs from a logical/ functional perspective (referred to as the 'default extension location')

-
It is desirable to aggregate extensions of the same release or version of the specification into a group, which should be placed at the lowest possible level.

-
In specific cases it may be preferrable to place extensions elsewhere (referred to as the 'actual extension location') e.g. when it is possible to aggregate several extensions in a group. In such a case, the group should be placed at the lowest suitable level in the message. <TBD: ref to seperate example>

-
In case placement at the default extension location affects earlier critical branches of the message, locating the extension at a following higher level in the message should be considered.

-
In case an extension is not placed at the default extension location, an IE should be defined. The IE's ASN.1 definition should be placed in the same ASN.1 section as the default extension location. In case there are intermediate levels in-between the actual and the default extension location, an IE may be defined for each level. Intermediate levels are primarily introduced for readability and overview. Hence intermediate levels need not allways be introduced e.g. they may not be needed when the default and the actual extension location are within the same ASN.1 section. <TBD: ref to seperate example>

In LTE most extensions are at their default extension location, but there are cases in which an alternative structure is adopted. E.g. CA mainly introduced the option to configure SCells. Such SCell configuration concerns physical configuration parameters, not only dedicated but also common (broadcast) ones. These dedicated and common parameters were grouped together. Other CA parameters were placed at their default location and not grouped. When DC parameters were added later, these were again placed at the default location (although the PSCell was defined at top level alike the SCells). In particular, DRB type information was added to the DRB list. The following figure illustrates where some extensions were placed (yellow: CA related, blue: DC related).
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Fig. 2 Information structure/ tree with extensions (LTE)
The example shows that information/ extensions not related to lists like DRBs or SCells, could in principle be anchored anywhere i.e. could be grouped with other fields concerning the same feature. Information/ extensions related to lists could in principle also be grouped with the other information related to the same feature, but this is less attractive as it would involve creation of a parallel list.
Although grouping information related to a feature may have some advantages, there are also several drawbacks as discussed in the previous. We therefore thinkt that careful analisys/ evaluation is appropriate before introducing any deviations from the information structuring principles as used in LTE. 

Proposal 1
LTE information structuring should be taken as the solid baseline for NR RRC. Deviations should only be introduced after careful analysis

Objective 1
Minimal duplication, in particular for ASN.1

Objective 2
Compactness, simplicity and extensibility

Objective 3
Structuring of information according to generic protocol functions

3 Protocol extensions

There seems some interest to review any problems and potential enhancements regarding protocol extensions. In LTE we use 2 basic forms of extensions:

a) Non-critical extensions, at the end of a message (or IE transferred in a container)

b) Extension marker (anywhere in the message)

An extension marker is simple but costly i.e. there is overhead for every extension addition group/ octet string included in a message. We however seem to have accepted this in LTE. UE capabilities and system information are the exception, as for these size is critical and extension markers costly. For these two cases some improvements should be considered. In particular, it seems desirable to avoid a) use of parallel lists and b) extension overhead per individual extension. In the following we will consider these two cases further.
The following ASN.1 shows the existing extension mechanisms as used for the problematic cases.
-- Example with traditional non-critical extension (empty sequence)

BroadcastInfoBlock1 ::=



SEQUENCE {


itemIdentity





INTEGER (1..max),


field1







Field1,


field2







ItemInfoList




OPTIONAL,
-- Need ON


nonCriticalExtension



BroadcastInfoBlock1-v940-IEs
OPTIONAL

}

BroadcastInfoBlock1-v940-IEs::=
SEQUENCE {


Field2-v940






ItemInfoList-v940

OPTIONAL,


-- Need ON

field3-r9






Field3-r9



OPTIONAL,


-- Need Cond1

nonCriticalExtension



BroadcastInfoBlock1-v1030-IEs
OPTIONAL

}

BroadcastInfoBlock1-v1030-IEs::=
SEQUENCE {


Field2-r9






ItemInfoList-v1030

OPTIONAL,


-- Need ON


field4-r10






Field4-r10



OPTIONAL,


-- Need ON


nonCriticalExtension



SEQUENCE {}



OPTIONAL


-- Need OP

}

-- Alternative with extension addition group

ItemInfoList ::=




SEQUENCE (SIZE (1..max)) OF ItemInfo

ItemInfo ::=





SEQUENCE {


itemIdentity





INTEGER (1..max),


field1







Field1,


field2







Field2




OPTIONAL,


-- Need ON


...


[[
field2-v940





Field2-v940



OPTIONAL,


-- Need ON


field3-r9





Field3-r9



OPTIONAL


-- Cond Cond1

]],


[[
field2-v940





Field2-v940



OPTIONAL,


-- Need ON


field4-r10





Field4-r10



OPTIONAL


-- Need ON


]]

}

As shown above, we either have:

· A parallel list only carrying the extension fields, added at the end of the message (NCE). The parallel list has the same number of entries as the original list, even though for many entries there is nothing to signal. There may be many of such parallel lists
· A single list, but for each entry that has an extension there is a length determinant per extension field. E.g. in case the first extension includes both one or more REL-9 extension and one or more REL-10 extensions, there will be 2 times the overhead of the extension addition group (EAG)

We understand that the NCE mechanism is somewhat of a tricked solution that is maybe not entirely compliant with ASN.1 standards. One of its nice properties is however that there is not EAG overhead associated with it. Having a separate EAG is mainly beneficial for late extensions i.e. it allows a receiver to skip an intermediate element in the ASN.1 and then continue with the remainder. It also avoids that early UE would have to comprehend irrelevant ASN.1 of a later release.

We could possibly consider making more use of the extension marker, but somewhat try to limit the overhead by not having an EAG per release. One option would be to have 2 containers i.e. one for the normal extension and another one for late corrections. Within each container, extensions would be placed in order. For the late extensions there is however a slight risk that this cannot be guaranteed. If this would be infrequent, this may however be acceptable (i.e. given that a workaround is available, although nasty).

ItemInfo ::=





SEQUENCE {


itemIdentity





INTEGER (1..max),


field1







Field1,


field2







Field2




OPTIONAL,


-- Need ON


...


[[
-- Late extensions may be placed here



lateNonCriticalExtension

SEQUENCE {}



OPTIONAL


-- Need OP


]],


[[
field2-v940





Field2-v940



OPTIONAL,


-- Need ON


field3-r9





Field3-r9



OPTIONAL,


-- Cond Cond1


field2-v940





Field2-v940



OPTIONAL,


-- Need ON


field4-r10





Field4-r10



OPTIONAL


-- Need ON


]]

}

Proposal 2
RAN2 is requested to discuss potential enhancements for the extension of size critical messages (i.e. mainly SIBs & UE capabilities)

4 Other

Conditionality

There are different approaches used to clarify what a proper network shall do, with different UE requirements associated. Conditons however imply UE requirements regarding error handling. In the past, companies have stated that also conditions should just clarify the network operation rather than implying UE action. We UE requirements should only be introduced for error cases if there is a real need to do so. The use of Cond could either be restricted to cases in which such UE requirements apply, or a separate need code is introduced specifically for such case.  If the first option is adopted, the field description would be used to clarify network behaviour related to other fields in same message (as for other cases).

Proposal 3
Use Cond only in case there are UE requirements in case the condition is violated. In other cases, specify the guidelines regarding network operations within the field description
Need codes

We think need codes have their value, but acknowledge that in LTE we have had quite some discussion about which need code is most appropriate in certain specific cases. In particular for the following cases resulted in inconsistent use of need codes:

1) In some cases the configuration is released upon absence (i.e. suggesting OR), but then the behaviour when the field is not configured is specified in the field description (suggesting OP)
2) For one shot parameters ON is used commonly while OR was also be considered to be equally suitable. Most of the confusion is because for one shot nothing is stored and hence noting is kept unchanged (as ON typically reflects) or released (as OR typically reflects)

Based on this we suggest
Proposal 4
The use of need codes should be clarified to ensure consistent usage, in particular

a) Need codes should reflect the action performed upon receiving a message with the field absent (rather than the action when the field is not configured)

b) Need codes should distinguish one-shot and regular configuration parameters e.g. by introducing an additional need code.

The following table provides a corresponding suggestion:
	Abbreviation
	Meaning

	Cond conditionTag
	As in LTE

	Need OS
	Optionally present
Used for (configuration) fields that are stored by the UE i.e. not one-shot. Used if field description or procedure specifies the UE behavior performed upon receiving a message with the field absent (and not if field description or procedure specifies the UE behavior when field is not configured).

	Need OM
	Optionally present, Maintain
Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE maintains the current value

	Need OR
	Optionally present, Release
Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE releases the current value

	Need ON
	Used for fields that are not stored by the UE but used once (i.e. one-shot). In case of absence, there is no UE action


5 Conclusion & recommendation
This contribution addresses methodology related aspects for the NR RRC specification. The document includes the following proposal that RAN2 is requested to discuss and conclude:

Proposal 1
LTE information structuring should be taken as the solid baseline for NR RRC. Deviations should only be introduced after careful analysis

Objective 1
Minimal duplication, in particular for ASN.1

Objective 2
Compactness, simplicity and extensibility

Objective 3
Structuring of information according to generic protocol functions

Proposal 2
RAN2 is requested to discuss potential enhancements for the extension of size critical messages (i.e. mainly SIBs & UE capabilities)

Proposal 3
Use Cond only in case there are UE requirements in case the condition is violated. In other cases, specify the guidelines regarding network operations within the field description
Proposal 4
The use of need codes should be clarified to ensure consistent usage, in particular

a) Need codes should reflect the action performed upon receiving a message with the field absent (rather than the action when the field is not configured)

b) Need codes should distinguish one-shot and regular configuration parameters e.g. by introducing an additional need code.
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