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This document discusses the potential use of delta signalling for the UE capability identity.
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Use cases
As discussed in [1], SA2 already evaluated delta signalling and considered it desirable ([2], section 8), so it seems somewhat redundant for RAN2 to discuss the use cases at length.  However, it is worth noting that there are multiple use cases.  In particular, although delta signalling is useful for handling a change of UE capability as noted by several companies (see e.g. [5]), it is by no means limited only to the change of UE capability, and in fact this is probably not even the most common use case.
The likely use cases for delta signalling include the following:
· Change of capability: The UE can signal its original capability ID corresponding to the previous capability, along with a delta set indicating the changes.  This may be a less frequent use case, especially considering that the case of overheating is already handled in the specification by other means.
· Variant capability, e.g. PLMN-specific settings: A UE equipped with a manufacturer-assigned capability ID can signal that capability ID, along with a delta set indicating the variances for the current environment (e.g. the serving PLMN).
· New UE models: A UE whose “native” manufacturer-assigned ID has not yet propagated to all databases could indicate its capability as a delta against a better-established model with similar capabilities.
· Response to different filters: It has been established in RAN2 and SA2 discussion that the requested filters may not be the same across the entire PLMN.  If the network uses filter A in one region of the network and assigns a corresponding PLMN-assigned capability ID, then uses filter B in another region of the network, the UE may be able to respond to filter B by sending the capability ID along with a delta that accounts for the differences between A and B.
The last-mentioned case may in fact be the most frequent.  It seems clear from the discussion of filtering that typical filters in many networks will not be PLMN-wide, meaning that UEs will commonly encounter changing filters between different regions of a PLMN.  It seems likely that many of these regional variations will relate to band and band combination support, e.g. FR2 bands in urban areas.
Notably, these use cases could require both additions to and deletions from the “baseline” capability represented by the capability ID.  For instance, the “new UE models” use case might be used to capture deletions relative to a “parent” model, e.g. a lower-cost model descended from the “parent” with support for fewer band combinations, lower transmission capabilities such as no support for 2Tx, etc.
On the other hand, regional filters within the PLMN could either add or remove support of various bands (or combine some additions with some deletions).  For example, if the PLMN’s filter in region 1 requests bands A, B, and C, and the filter in region 2 requests only bands A and B, the capability should be able to add band C (if the UE moves from region 2 to region 1) or remove band C (if the UE moves from region 1 to region 2).
(Actually, in the example above, delta signalling can be avoided in the case of moving from region 1 to region 2, if the network applies the filter itself.  If the UE received ID X from the PLMN in region 1, it can then move to region 2 and continue using ID X, while the network itself applies the filter and stores only the needed capabilities, excluding band C.)
Defining “simple”
The RACS_RAN WID in [3] indicates that RAN2 will consider “simple” delta signalling, which inevitably raises the question of what is and is not “simple”.  At a minimum, it should be possible to agree that a set of flags indicating omission of support of individual RATs is adequately simple; the signalling impact is negligible and no significant implementation bookkeeping is needed to make the results consistent (as could be the case if e.g. the list of feature sets changed).
Proposal 1: Flags indicating omission of support for individual RATs are a feasible form of delta signalling.
Similar reasoning applies to frequency ranges; the most likely use case would be to disable FR2, which can be done with a single flag in the signalling.  It could be discussed if there is any use case for a matching “disable FR1” flag.
Proposal 2: A flag indicating omission of support for FR2 is a feasible form of delta signalling.  FR1 can be discussed.
Going beyond this baseline would involve more signalling.  As noted in [4], the UE capabilities comprise four basic types of fields:
1. Boolean indicators (“ENUMERATED {supported}” in ASN.1) where presence means support and absence means lack of support;
2. Scalar or enumerated indicators where a maximum number of something, or one of several versions of the feature, is supported by the UE;
3. Bitmasks indicating a set of supported characteristics (e.g., the supportedGapPattern);
4. Lists of supported characteristics (e.g., band combination lists).
Based on previous discussion, we understand that the strongest objection to delta signalling on grounds of complexity relates to the fields of type 4, for which ToAddMod/ToRemove lists would need to be defined (see the following section).  The other fields are relatively small in number, and as per the analysis of [4] it should be possible to use delta signalling at the list level—e.g., for delta signalling of the PDCP parameters, signal an OPTIONAL version of the PDCP-Parameters IE, which is included if changed and omitted if unchanged.  If present, the IE for the deltas overrides the stored PDCP-Parameters.  This avoids the need to signal the entire capability in case support for one or a few parameters changed (this could be the case, for example, with MDT support, where the same model UE might support the feature when issued to an operator and not support it for retail sale).
Proposal 3: Capability fields that are not lists (types 1-3 in the list above) can be supported with delta signalling at the list level.
This section has not addressed the case of delta signalling for bands and band combinations, where much of the gain of delta signalling would be expected to reside.  
Delta signalling for bands and band combinations
As noted in section 2.1, it is likely that much of the benefit of delta signalling would come from bands and band combinations (these are also the fields responsible for most of the capability size).
An approach was discussed in [1] for delta signalling of bands and band combinations using the familiar mechanism of ToAddMod/ToRemove lists.  To summarise that approach, the basic signalling mechanism would be to include “extra” band combinations in a ToAddMod list, and deleted band combinations in a ToRemove list; this would support the use cases discussed in section 2.1, and result in ASN.1 similar to the following snippet (which could, for example, appear in a new IE within the UECapabilityInformation message):
    ue-CapabilityID							UE-CapabilityID,

	-- Delta signalling for band combinations
    supportedBandCombinationToRemoveList	SEQUENCE (SIZE(1..maxBandComb)) OF INTEGER (0..maxBandComb-1)		OPTIONAL,
	supportedBandCombinationToAddModList	SEQUENCE (SIZE(1..maxBandComb)) OF BandCombination		OPTIONAL

This is not a complex addition to the signalling, and it can fully solve the problem of delta signalling for band combinations, provided the UE signals all of the needed feature sets and feature set combinations for all supported band combinations in each UECapabilityInformation message (when a capability ID is not used).  Otherwise, there is the risk of adding a new band combination to the list, but not having the needed feature set combination to support it.
However, since the feature set combinations may account for a large portion of the capability size, it may be preferable not to signal them all in each capability transfer.  This suggests that it might be possible to use delta signalling also for the feature set combinations.
There is some complexity in using ToRemove lists with the feature set combinations: The FeatureSetCombinationId is the index of an FSC in the list, meaning that a removal can change the IDs of the remaining FSCs.  Fortunately, it is not really critical to remove FSCs from the list.  If no BC points to an FSC, that FSC is simply unused.  A similar concern applies to modifying the FSCs in place; there is no ID other than the position in the list, so it is difficult for a simple structure to indicate which FSC is being modified.  This suggests that it could be possible for the FSC list to use delta signalling for additions only, resulting in ASN.1 similar to the following:
    ue-CapabilityID							UE-CapabilityID,

	-- Delta signalling for band combinations
    supportedBandCombinationToRemoveList	SEQUENCE (SIZE(1..maxBandComb)) OF INTEGER (0..maxBandComb-1)		OPTIONAL,
	supportedBandCombinationToAddModList	SEQUENCE (SIZE(1..maxBandComb)) OF BandCombination		OPTIONAL,

	-- Delta signalling for feature set combinations
	featureSetCombinationToAddList		SEQUENCE (SIZE(1..maxFeatureSetCombinations)) OF FeatureSetCombination		OPTIONAL

Proposal 4a: Delta signalling of the band combination list (with the ToAddMod and ToRemove lists) is supported.
Proposal 4b: Delta signalling of the feature set combination list (with the ToAdd list only) is supported.
This allows delta signalling of the feature set combinations, but not of the feature sets themselves.  It would require that the UE routinely signal all supported feature sets for all supported feature set combinations in the UECapabilityInformation message (when a capability ID is not used), in order to support delta signalling that could add more feature set combinations.
Proposal 5: To support delta signalling of feature set combinations, the UE signals all supported feature sets in the featureSets[EUTRA] field.
If proposal 5 is not accepted, there would be a further need to signal deltas for the feature set lists (for downlink and uplink, and including the per-CC feature sets) as shown in [1].  This would not make the signalling fundamentally more complex, but it would make the ASN.1 longer, and since the feature set lists have only a single level, the payoff in terms of reduced signalling might not be worthwhile.  The feature sets have the same ID issue as the FSCs, meaning that removals are not desirable but additions and modifications do not create a problem.  The additional snippet of ASN.1 could be as follows:
	-- Delta signalling for feature sets (including DL, UL, and per-CC)
	featureSetsDL-ToAddModList				SEQUENCE (SIZE(1..maxDownlinkFeatureSets)) OF FeatureSetDownlink		OPTIONAL,,
	featureSetsDL-PerCC-ToAddModList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetDownlinkPerCC		OPTIONAL,
	featureSetsUL-ToAddModList				SEQUENCE (SIZE(1..maxUplinkFeatureSets)) OF FeatureSetUplink		OPTIONAL,
	featureSetsUL-PerCC-ToAddModList		SEQUENCE (SIZE(1..maxPerCC-FeatureSets)) OF FeatureSetUplinkPerCC		OPTIONAL,

Proposal 6: Further discuss whether there is value in supporting delta signalling for the feature set lists.
Conclusion
This document promulgated the following proposals:
Proposal 1: Flags indicating omission of support for individual RATs are a feasible form of delta signalling.
Proposal 2: A flag indicating omission of support for FR2 is a feasible form of delta signalling.  FR1 can be discussed.
Proposal 3: Capability fields that are not lists (types 1-3 in the list above) can be supported with delta signalling at the list level.
Proposal 4a: Delta signalling of the band combination list (with the ToAddMod and ToRemove lists) is supported.
Proposal 4b: Delta signalling of the feature set combination list (with the ToAdd list only) is supported.
Proposal 5: To support delta signalling of feature set combinations, the UE signals all supported feature sets in the featureSets[EUTRA] field.
Proposal 6: Further discuss whether there is value in supporting delta signalling for the feature set lists.
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