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1	Introduction
The need codes for NR RRC were discussed e.g. in R2-1702694 and in R2-1703259. As identified in the NR RRC email discussion NR-AH1#15 in R2-1702694, and concluded in RAN2#97bis, the need codes should be (attempted to be) improved upon when defining NR RRC. In this contribution, we consider the existing need codes one by one and propose how to use them in NR RRC.
2	Usage of need codes in LTE
The need codes are used in LTE to denote UE actions for optional fields upon receiving a (re)configuration. The intent is to indicate how UE should treat the absence of optional fields in the configuration messages, so that it is clear how the UE maintains the configurations and when it releases them. Additionally, an optional field may be designated to have conditions to denote when they should or should not be included, and whether a need cod should be applied in certain circumstances. To this purpose, three need codes have been defined in the TS36.331 section 6.1, as shown below:
	Abbreviation
	Meaning

	Cond conditionTag
(Used in downlink only)
	Conditionally present
A field for which the need is specified by means of conditions. For each conditionTag, the need is specified in a tabular form following the ASN.1 segment. In case, according to the conditions, a field is not present, the UE takes no action and where applicable shall continue to use the existing value (and/ or the associated functionality) unless explicitly stated otherwise (e.g. in the conditional presence table or in the description of the field itself).

	Need OP
(Used in downlink only)
	Optionally present
A field that is optional to signal. For downlink messages, the UE is not required to take any special action on absence of the field beyond what is specified in the procedural text or the field description table following the ASN.1 segment. The UE behaviour on absence should be captured either in the procedural text or in the field description.

	Need ON
(Used in downlink only)
	Optionally present, No action
A field that is optional to signal. If the message is received by the UE, and in case the field is absent, the UE takes no action and where applicable shall continue to use the existing value (and/ or the associated functionality).

	Need OR
(Used in downlink only)
	Optionally present, Release
A field that is optional to signal. If the message is received by the UE, and in case the field is absent, the UE shall discontinue/ stop using/ delete any existing value (and/ or the associated functionality).



The typical issues that have been seen in LTE with these are:
· A field with Need ON can never be released except with full configuration, and the allowing release has sometimes been forgotten
· Need OP should be used when there is a need to specify absence condition for the field, but those may often be forgotten and are not always easy to catch. Also, absence conditions may also be specified for e.g. Need OR fields.
· One-shot field configurations (i.e. fields whose values are used once and not stored) have often been unclear. For example, Need OR would seem natural for them at first glance, but since Need OR signifies that UE shall maintain the field as long as it has been signalled, Need ON is used instead.
· Typical questions from people not familiar with RRC concern how to differentiate the need codes, and how they are defined (despite the definitions being clearly there in RRC!), which hints that the definitions are not the clearest ones.
Observation 1: Need ON often suffers from field-release issues.
Observation 2: It’s not clear to see how Need OP is used in most cases, and the release of the fields is often ambiguous.
Observation 3: The condition on absence for OP is often forgotten.
Observation 4: UE behaviour upon absence is also sometimes defined for OR fields.
Observation 5: One-shot fields are often defined ambiguously.
3	Need codes for NR 
3.1	Need ON 
Need ON exists to allow delta signalling, i.e. to allow network to not have to re-signal every single optional field at every reconfiguration. This saves signalling and makes it easier also for the UE to parse the messages, but also creates issue with field releases, often requiring release-setup – constructs to be placed within the IEs.
Proposal 1: Define need code equivalent to LTE Need ON that is used for delta-signalling, i.e. optional fields that are not released if not signalled.
Additionally, Need ON is supposed to be used for fields that UE should use once and not maintain unless they are signalled again. The reasoning for using ON was the no UE actions are required upon absence of the field, and that the storage of the fields is a separate matter. This has worked adequately, but has cause many questions over the time and makes it difficult to differentiate the fields that are one-shot from those that are “normal” delta-signalled fields. Therefore, it seems desirable to have a specific need code for the one-shot fields. 
Proposal 2: Define a need code that signifies a “one-shot” optional field that UE uses only once (for the duration of a procedure where the field is signalled).
3.2	Need OR 
Need OR is used for a simple release option of fields that often signify “toggling” actions, e.g. indicating that a certain (sub-)feature should start to be used. It requires that network has to keep signalling the field so UE maintains using the activated feature, and is therefore not subject to delta-signalling. Therefore, it creates some signalling overhead. However, Need OR is also the simplest way to define release of a field: A field with Need OR can be released very easily without lengthy ASN.1 constructs that the release-setup requires, so it is very useful as the simplest kind of an optional field.
However, using Need OR also has a side-effect that is not very well-known: When using Need OR with a field type of ENUMERATED{true} (i.e. a field that turns on a “feature” and is turned off when the signalled in omitted), the field is not actually encoded according to the ASN.1 standard. Instead, only the optionality bit of the field is encoded, since it is enough to signify the presence or absence of the field.
Proposal 3: Define a need code equivalent to LTE Need OR that is used for optional fields that need to be releasable.
3.3	Need OP 
Need OP is used when there is a need to define “extra” conditions that UE should take upon absence of a field. Otherwise, it is very similar to both ON, and it is not obvious how such a field is released: Sometimes the absence condition make the UE assume a default value, but do not specify how an already-defined value should be treated, making a casual reader consider the field could be similar to ON as well. Further, defining release condition upon absence of a field would make OP almost equivalent of OR, which would defeat the purpose. 
Therefore, one possibility would be to simply eschew the use of the Need OP entirely, and allow defining conditions upon absence also for Need OR and Need ON (where necessary). This would simplify the usage of the need codes since the difference between OR and ON is clear, and the added conditions would rarely be used anyway. 
Proposal 4: Do not define a specific need code equivalent to LTE Need OP– conditions on absence can be captured for any field defined with any need code.
3.4	Cond conditionTag
A field with a presence condition is a variant of a complex Need OP – field: Either the network should only include the field under certain conditions, or the UE should assume certain actions if the conditions are fulfilled, and usually the field also acquires either ON or OR moniker under certain circumstances. However, most typically the field acts as ON, so that could be captured as the “default” condition as well. That would simplify the handling of the field release, and clarify most cases with ambiguity with release of conditional fields. If OR behaviour would be needed instead, this can then be specified separately in the need code definition. 
Proposal 5: By default, the “Cond conditionTag” acts as the equivalent of an LTE Need ON – field in NR RRC. The need code description can override this behaviour where necessary.
3.5	Naming of need codes 
The current naming of need codes relies on the convention that “O” stands for “Optional” and the second character signifies the semantics of the need code (“N” = No action, “R” = Release, “P” = oPtional). However, the character “O” seems totally unnecessary because the field will anyway require the use of the OPTIONAL indicator, and having the same letter makes the need codes look too similar. Therefore, the “O” could simply be dropped away.
However, it could perhaps still be fine to have two characters in the codes, but then the first character should signify the meaning of the need code, e.g. “R” for release, and the second character can serve to disambiguate the meaning (if necessary). 
Proposal 6: Use the following need code names: “M” (Maintain), “R” (Release) and “OS” (One-Shot). 
This would mean the following in comparison to LTE need codes:
	Equivalent need codes

	LTE
	NR

	ON
	M

	OR
	R

	OP
	-

	-
	OS



4	Conclusions 
We have discussed the typical error cases with LTE need codes and observed the following:
Observation 1: Need ON often suffers from field-release issues.
Observation 2: It’s not clear to see how Need OP is used in most cases, and the release of the fields is often ambiguous.
Observation 3: The condition on absence for OP is often forgotten.
Observation 4: UE behaviour upon absence is also sometimes defined for OR fields.
Observation 5: One-shot fields are often defined ambiguously.

Based on these, we have discussed the minimal set of need codes for NR RRC and proposed the following:
Proposal 1: Define need code equivalent to LTE Need ON that is used for delta-signalling, i.e. optional fields that are not released if not signalled.
Proposal 2: Define a need code that signifies a “one-shot” optional field that UE uses only once (for the duration of a procedure where the field is signalled).
Proposal 3: Define a need code equivalent to LTE Need OR that is used for optional fields that need to be releasable.
Proposal 4: Do not define a specific need code equivalent to LTE Need OP– conditions on absence can be captured for any field defined with any need code.
Proposal 5: By default, the “Cond conditionTag” acts as the equivalent of an LTE Need ON – field in NR RRC. The need code description can override this behaviour where necessary.
 Proposal 6: Use the following need code names: “M” (Maintain), “R” (Release) and “OS” (One-Shot). 

Based on this, the definitions of the need codes would be as follows:
	Abbreviation
	Meaning of the optional field

	Cond conditionTag
	Conditionally present field

The presence conditions for the field are specified in a tabular form following the ASN.1 segment labelled with conditionTag. The field is considered to be have “Need M” behavior unless the condition description specifies otherwise.

	Need OS
	One-Shot configuration, not maintained

Used for (configuration) fields that are used once by the UE and not stored. The UE actions upon presence of the field shall be defined in field description or in procedural text.

	Need M
	Maintain if not signalled

Used for (configuration) fields that are stored by the UE when received. Upon receiving a message with the field absent, the UE maintains the current value and continues using the associated functionality.

	Need R
	Release if not signalled

Used for (configuration) fields that are stored by the UE when received. Upon receiving a message with the field absent, the UE shall release any stored value of the field, consider the field as not configured and stop using the associated functionality.
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NOTE: The field description or procedure may specify UE behavior upon receiving a message with the field absent for any need code.
