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1
Introduction
At RAN#79, based on companies’ interest, it was agreed to further study means to optimize the handling of UE AS capabilities. A corresponding LS [1] was sent to TSG SA for further handling. SA#79 tasked SA2 to look into the issue and conclude whether and how to proceed in Release 15 – it is expected the proposal while not requiring a new WI would require the same handling as for any TEI (i.e. resolution within one meeting cycle). Further discussions are expected at SA2#127.
RAN2 is also expected to continue its on-going discussion on the structural optimization of the UE capability signaling.
This paper aims at further clarifying the concept of UE capability compression through UE capability identifier.

2
Discussion

2.1
Current optimisations
For UE capability signaling size reduction optimization, there are two conceptual directions:

1) Optimization to reduce duplicated capability within the same UE

· RAN2 has created per band related and per CC related capability feature set table and feature set ID to reduce duplication across band combination

· RAN2 has split UL and DL capability to reduce duplication across band combination with the same UL capability

2) Optimization to reduce the duplicated capability across the same UE model using a UE Capability ID
· Using an identifier, e.g. device ID, to represent a set of common capability across different UEs 

Basically, these two directions are independent, however, it is clear that 1) is the baseline design and 2) will not replace 1). In other words, UE capability identifier mechanism is an optimization based on baseline UE capability reporting and shall not affect R-15 completion. 
Observation 1:
UE capability signaling with a UE Capability ID is an optimization of the baseline UE capability signaling.

Proposal 1:
RAN2 should strive to complete the baseline UE capability signaling first. 
Furthermore, while 1) reduces duplication within the same UE, the UE still reports complete information regarding its capabilities, enabling the network to understand the UE capability with only UE capability report. 
For 2), our interpretation is of identifying common sets of capabilities among different UE models and UE reports an identifier + additional capability instead of complete information of capability. However cases can be envisaged where the network (NG-RAN) may not have a full dictionary of these common sets – hence requiring fallback to 1).
Observation 2:
The network needs to understand the UE Capability IDs to decode the UE capabilities, and must default to full UE capabilities signaling otherwise.

Proposal 2:
Even with UE Capability IDs defined, the UE shall always be able to report complete UE capability using the baseline signaling approach.
2.2
Scope for UE Capability ID mechanism
The scope or ambition of UE Capability ID mechanism could include 
A) Radio interface signaling reduction by maintaining an identifier database of most common UE AS capabilities in the access network and UE

B) Network interface signaling reduction by maintain an identifier database of most common UE AS capabilities in the core network, access network, and UE

C) Network storage reduction by maintain an identifier database of most common UE AS capabilities in the core network and access network
Depending on the ambition level, various preliminary impacts can be identified:
· Definition of the UE Capability ID
· Whether the UE Capability ID database is maintained in the access network and/or core network

· When the UE Capability ID is provided, e.g. at initial attach (UE>network), at UE capability enquiry (network>UE>network), between access network nodes, via the core network
· How and where the “dictionary” is maintained in the network, and all related signaling as applicable i.e. whether a centralized/distributed database is used. 
· How long the UE capability and identifier is stored at access network and core network

· Etc.

It is important the exact scope be defined first so that a proper solution can be derived with most benefits. 
Proposal 3:
The scope of UE capability identifier discussion covers Radio interface signaling reduction, Network interface signaling reduction, and Network storage reduction.

2.3
Applicability of the mechanism (new)
After the scope of mechanism is clear, we need to discuss what RAT it is applicable. From [3], SA2 asks 

· Whether applicable to NR only, or to both NR and E-UTRA and/or the Dual Connectivity options

· Whether applicable to 5GS only, or to both 5GS and EPS
For NR R4 spec, the total band combinations is 924, with 880 NSA and 44 SA and UE is expected most of them. Similar observation has been raised for E-UTRAN, which motivated the UE capability signaling optimization.

Expecting more bands and band combinations to be introduced in future releases, it is not difficult to see UE capability reporting is a generic problem to NR and E-UTRAN regardless of 5GS or EPS. Therefore, it is expected the mechanism can be applied to all 5G scenarios.
Proposal 4:
The mechanism is expected to be applicable to NR, E-UTRAN, and MRDC connected to 5GS or EPS.

On overall 
2.4
Considerations for signaling reduction
While a driving force for UE Capability ID is to identify common sets of capabilities, delta capabilities from any such set could still be supported by a UE. A trade-off therefore exists between:
a) Standalone UE Capability ID
b) UE Capability ID and additional (delta) capability

Although it is possible to have a standalone UE Capability ID cover complete UE capabilities, not only the length of such ID could be long considering the number of UE and software versions, but it would also be difficult to maintain an accurate up-to-date database of such ID without frequent database updates. The more the UE and network can use the database as is, the better the performance of such mechanism. In our view, the right approach is that a UE can report a UE Capability ID plus optionally additional (delta) capabilities. A set of common UE capabilities can be defined and understood by all UE, so a UE can reduce capability signaling through the corresponding UE Capability ID even there is no corresponding entry of its exact capability in the database.

It is also important to allow UE differentiation at the same level and granularity as with the baseline approach, instead of restriction UE implementation flexibility.
From our point of view, a generic UE capability ID mechanism is similar to a compression algorithm dedicated to UE capability, i.e. a common dictionary (i.e. common capability) represented by identifiers is maintained and known by all entities, so complete capability is almost never used.

Observation 3:
Standalone UE capability ID increases the database maintenance, the related signaling and the length of the UE Capability ID. 

Observation 4:
Allowing delta capability is necessary, in which case the UE Capability ID mechanism is similar to compressing the UE capabilities with known UE capabilities as dictionary.

Proposal 5:
When UE capability ID is used, the UE can optionally report additional delta capabilities.

2.5
UE capability signaling size estimation (new)
Based on the latest UE capability structure (see Appendix), the maximum size for the NR/MRDC radio capabilities can estimated by 

Max_#_of_band_combination * Max_#_of_band * Max_#_of_Feature_Sets_per_BC * Feature_Set_ID *2 
= 65536*32*64*8*2= 2^30 byte
This is of course a theoretical maximum and not a good reference for SA2.

From LTE experience, we estimated typical size for capability
Estimated_Max_#_of_band_combination * Estimated_Max_#_of_band * Estimated_Max_#_of_Feature_Sets_per_BC * Feature_Set_ID *2 
= 1024*4*8*8*2= 2^16 byte = 65,536 byte

This is significantly larger than LTE, we propose R2 to discuss and confirm the number.
Proposal 6:
RAN2 discuss whether 65,536 byte is a good estimation for UE capability signaling size.
3
Conclusions

Observation 1:
UE capability signaling with a UE Capability ID is an optimization of the baseline UE capability signaling.

Observation 2:
The network needs to understand the UE Capability IDs to decode the UE capabilities, and must default to full UE capabilities signaling otherwise.

Observation 3:
Standalone UE capability ID increases the database maintenance, the related signaling and the length of the UE Capability ID. 

Observation 4:
Allowing delta capability is necessary, in which case the UE Capability ID mechanism is similar to compressing the UE capabilities with known UE capabilities as dictionary.

Proposal 1:
RAN2 should strive to complete the baseline UE capability signaling first. 
Proposal 2:
Even with UE Capability IDs defined, the UE shall always be able to report complete UE capability using the baseline signaling approach.
Proposal 3:
The scope of UE capability identifier discussion covers Radio interface signaling reduction, Network interface signaling reduction, and Network storage reduction.

Proposal 4:
The mechanism is expected to be applicable to NR, E-UTRAN, and MRDC connected to 5GS or EPS.

Proposal 5:
When UE capability ID is used, the UE can optionally report additional delta capabilities.

Proposal 6:
RAN2 discuss whether 65,536 byte is a good estimation for UE capability signaling size.
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Appendix

BandCombinationList ::=
SEQUENCE (SIZE (1..maxBandComb/65536)) OF BandCombination
BandCombination ::= SEQUENCE {

bandList






SEQUENCE (SIZE (1..maxSimultaneousBands/32)) OF BandParameter,

bandCombinationParameters


BandCombinationParameters 














OPTIONAL
}

BandParameter ::=
CHOICE {
--
bandParameterEUTRA



BandParameterEUTRA,


bandParameterNR




BandParameterNR
}

BandParameterNR ::= 




SEQUENCE {

bandNR








FreqBandIndicatorNR,

featureSetListDownlink




SEQUENCE (SIZE (1..maxNrofFeatureSetsPerBC/64)) OF FeatureSetDownlinkId,

featureSetListUplink




SEQUENCE (SIZE (1..maxNrofFeatureSetsPerBC/64)) OF FeatureSetUplinkId
}
FeatureSetDownlink ::=




SEQUENCE {


featureSetDownlinkId




FeatureSetDownlinkId,


freqRange







ENUMERATED {fr1, fr2},

ca-bandwidthClassDL





CA-BandwidthClassNR,
-- R4 2-3: Non-contiguous intra-band CA frequency separation class for FR2 as in the RAN4 LS R4-1803363


intraBandFreqSeparationDL



FreqSeparationClass




OPTIONAL,


featureSetListPerDownlinkCC



SEQUENCE (SIZE (1..maxNrofServingCells/32)) OF FeatureSetDownlinkPerCC-Id,

...
}

FeatureSetUplink ::=




SEQUENCE {


featureSetUplinkId 





FeatureSetUplinkId,


freqRange







ENUMERATED {fr1, fr2},

ca-BandwidthClassesUL




CA-BandwidthClassNR,
-- R4 2-3: Non-contiguous intra-band CA frequency separation class for FR2 as in the RAN4 LS R4-1803363


intraBandFreqSeparationUL



FreqSeparationClass




OPTIONAL,


featureSetListPerUplinkCC



SEQUENCE (SIZE (1.. maxNrofServingCells/32)) OF FeatureSetUplinkPerCC-Id,


...
}

FeatureSetDownlinkId ::= 



INTEGER (0..maxNrofFeatureSets/256)

FeatureSetDownlinkPerCC-Id ::=


INTEGER (1..maxNrofPerCC-FeatureSets/32)

FeatureSetUplinkId ::= 




INTEGER (0..maxNrofFeatureSets/256)

FeatureSetUplinkPerCC-Id ::=


INTEGER (1..maxNrofPerCC-FeatureSets/32)

maxBandComb







INTEGER ::=
65536
-- Maximum number of DL band combinations

maxSimultaneousBands




INTEGER ::= 32

-- Maximum number of simultaneously aggregated bands

maxNrofFeatureSets





INTEGER ::= 256

-- Total number of FeatureSets (size of the pool)

maxNrofFeatureSetsPerBC




INTEGER ::= 64

-- The number of feature sets associatd with one band combination. 

maxNrofPerCC-FeatureSets



INTEGER ::= 32

-- Total number of CC-specific FeatureSets (size of the pool)

maxNrofServingCells





INTEGER ::=
32

-- Max number of serving cells (SpCell + SCells) per cell group

