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1. Introduction
RAN2 agreed in #101bis meeting on the major restructuring of the UE capability signalling for NR and MR-DC. The email discussion [101bis#48][NR] ‘UE capabilities structure’ discussed the ASN.1 details based on the agreement.

In this document, we propose enhancements aiming at further reduction of UE capability signalling overhead. 

2. Discussion

2.1. Supported Parameters per Band Combination
We believe there will be a set of parameters that can be supported in a group of bands, but not in others, and even though these parameters are classified to be “per band combination”, there may still be repetitions. A band combination list of supported DL and UL parameters, that can be mapped from the band combination structure seems valuable as well.

To evaluate this proposal for NR, we have evaluated 3 proposed coding schemes: 

1) Bi-Indexing: The current agreement. The RF bands combinations directly include references to bands, which in turn list indices referencing CC capabilities. (Red in Figure 1)
2) Tri-Indexing + UL Bitmask: The RF band combinations list the indices of supported DL and UL “virtual” band combinations, which in turn use indices to band capabilities. The band capabilities list indices of CC capabilities. (Blue in Figure 1)
3) Tri-Indexing + UL Indexing: The only difference compared to 2) is that the mapping between DL and UL is done via indexing instead of a bitmap.  (Green in Figure 1)
Trying to represent this graphically in Figure 1, the discussions center on how the two sides are connected. Is it directly (1) or in three steps (2 or 3).  In Figure 2, all arrows are indices.
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Figure 1: Capability size sensitivity analysis

We’ve input a very wide range of parametrization, as we’re not sure at this point where the UE capabilities will land, and we should plan for the next 5-10 years of UE evolution. To study this, we evaluate the size of the UE capabilities under a set of asumptions and approximations of how the numbers may scale. 

We consider parameters that will affect the size of the UE capabilities such as:
· Number of RF Combinations: Self explanatory.

· Range: 150 to 1800
· Number of DL Virtual Band Combinations: For 2) and 3), the expected number of band combination capabilities shared across different RF combinations.

· Range: 15 to 180 (N/A to solution 1)

· Average Number of DL Virtual Bands: Per band combination, the average number of DL bands.

· Range: 3 to 6

· Average Number of UL Virtual Bands: the average number of UL band.

· Range: 1 to 4

· Size of 1 Virtual UL Band Combination (bits): Size of the band capabilities (beyond the CC).
· Range: 8 to 19
· Number of Unique Band Configs: Self explanatory.
· Range: 10 to 100

· Size of 1 CC INDEX (bits): Size of the index needed to address the list of possible CC configurations.
· Range: 10 to 16

· Average Number of DL CC: Per band. Self explanatory.
· Range: 4 to 8

· Average Number of UL CC: Per band. Self explanatory.
· Range: 2 to 8

· Number of DL CC: Self explanatory.

· Range: 10 to 220
· Size of 1 DL CC (bits): Size of the capabilities of 1 DL CC parameters.
· Range: 32 to 48 bits.

· Number of UL CC: Self explanatory.

· Range: 10 to 220
· Size of 1 UL CC (bits): Size of the capabilities of 1 UL CC parameters.
· Range: 32 to 72 bits.

Firgure 2 shows a faster increase of the capability size if only 2 levels of indexing are used. The scenarios are ordered so that complexity increases as the scenario number increases. The scenario definitions are listed in the Appendix A. There can be hundreds of possible configurations, these scenarios are just meant to show the sensitivity of the capability size with how the parameters change.
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Figure 2: Capability size sensitivity analysis
From the results, the two-level indexing results in a structure that is 62% to 88% larger than the three-level indexing. The two three-level indexing are very close to each other and require further study to see whether there is a real advantage to one compared to the other.

The lesson learnt is to minimize the cost of the container that scales with the number or RF band combinations, which is going to be the largest. That means we should not list all the combination of indices to the bands directly from the RF. We should have one additional level of indirection:

Proposal 1:
Unique sets of DL/UL band combination parameters shall be listed separately in the UE capabilities. RF Band combinations reference one or more of these sets.
2.2. Many LTE combo to Many NR combo
There will be many LTE combinations that work with many NR combinations under the same set of UE capabilities. The current structure however requires the same band combination parameters and RF bands to be repeated in each of LTE-NR band combinations based on one-to-one mapping.
Proposal 2:
Associate the LTE and NR capabilities at the highest ASN.1 level so that it is possible to implement a many-to-many relationship between LTE band combinations and NR band combinations.

An example ASN.1 structure corresponds to the proposal 1 + 2, on top of  the “verstion 4” ASN.1 discussed in the email discussion [101bis#48][NR] UE capabilities structure, is shown in Appendix C.
3. Conclusion

In this document we proposed the following enhancements on NR UE capability structure.
Proposal 1:
Unique sets of DL/UL band combination parameters shall be listed separately in the UE capabilities. RF Band combinations reference one or more of these sets.

Proposal 2:
Associate the LTE and NR capabilities at the highest ASN.1 level so that it is possible to implement a many-to-many relationship between LTE band combinations and NR band combinations.

An example ASN.1 structure corresponds to the proposal 1, on top of  the “verstion 4” ASN.1 discussed in the email discussion [101bis#48][NR] UE capabilities structure, is shown in Appendix B.
An example ASN.1 structure corresponds to the proposal 1 + 2, on top of  the “verstion 4” ASN.1 discussed in the email discussion [101bis#48][NR] UE capabilities structure, is shown in Appendix C.

Appendix A
	Coding 

	Scenario
	Total Size (KBytes)
	Relative to Tri-indexing + bitmask
	Number of RF Combinations
	Number of DL Virtual Band Combinations
	Average Number of DL Virtual Bands 
	Average Number of UL Virtual Bands 
	Size of 1 Virtual UL Band Combination (bits)
	Number of Unique Band Configs
	Size of 1 CC INDEX (bits)
	Average Number of DL CC
	Average Number of UL CC
	Number of DL CC
	Size of 1 DL CC (bits)
	Number of UL CC
	Size of 1 UL CC (bits)

	Bi-Indexing
	1
	1.6
	78%
	150
	0
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Bi-Indexing
	2
	3.2
	88%
	300
	0
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Bi-Indexing
	3
	5.1
	82%
	450
	0
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Bi-Indexing
	4
	9.4
	68%
	600
	0
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Bi-Indexing
	5
	12.5
	62%
	750
	0
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Bi-Indexing
	6
	15
	63%
	900
	0
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48

	Tri-Indexing + UL Bitmask
	1
	0.9
	 
	150
	15
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Tri-Indexing + UL Bitmask
	2
	1.7
	 
	300
	30
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Tri-Indexing + UL Bitmask
	3
	2.8
	 
	450
	45
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Tri-Indexing + UL Bitmask
	4
	5.6
	 
	600
	60
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Tri-Indexing + UL Bitmask
	5
	7.7
	 
	750
	75
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Tri-Indexing + UL Bitmask
	6
	9.2
	 
	900
	90
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48

	Tri-Indexing + UL Index
	1
	0.9
	0%
	150
	15
	3
	1
	8
	10
	10
	4
	2
	10
	32
	10
	32

	Tri-Indexing + UL Index
	2
	1.8
	6%
	300
	30
	3
	1
	9
	10
	10
	4
	2
	20
	32
	20
	32

	Tri-Indexing + UL Index
	3
	2.8
	0%
	450
	45
	3
	1
	10
	20
	10
	4
	2
	40
	32
	40
	40

	Tri-Indexing + UL Index
	4
	5.8
	4%
	600
	60
	4
	2
	11
	20
	10
	4
	2
	60
	32
	60
	40

	Tri-Indexing + UL Index
	5
	7.9
	3%
	750
	75
	4
	2
	12
	40
	12
	6
	4
	80
	40
	80
	48

	Tri-Indexing + UL Index
	6
	9.4
	2%
	900
	90
	4
	2
	13
	40
	12
	6
	4
	100
	40
	100
	48


Appendix B

6.3.3
UE capability information elements

–
BandCombinationList
The IE BandCombinationList contains a list of NR CA and/or MR-DC band combinations (also including DL only or UL only band).

BandCombinationList information element

-- ASN1START

-- TAG-BANDCOMBINATIONLIST-START

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

BandCombination ::= SEQUENCE {


bandList






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


featureSetPerBC 




FeatureSetPerBCId


}

BandParameter ::=
CHOICE {


bandParameterEUTRA



FreqBandIndicatorEUTRA,


bandParameterNR




FreqBandIndicatorNR
}

BandCombinationParameters ::= SEQUENCE {


ca-ParametersNR





CA-ParametersNR





OPTIONAL,


mrdc-Parameters





MRDC-Parameters





OPTIONAL
}

CA-ParametersNR ::=
SEQUENCE {


multipleTimingAdvances



ENUMERATED {supported}



OPTIONAL,

-- R4 2-5: Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)


simultaneousRxTxInterBandCA


ENUMERATED {supported}

OPTIONAL,
-- BCS related to R4 2-1 and Updated CA BW class in R4-1803374


supportedBandwidthCombinationSet
BIT STRING (SIZE (1..32))
OPTIONAL
}

MRDC-Parameters ::=
SEQUENCE {


singleUL-Transmission

ENUMERATED {supported}

OPTIONAL,

-- R4 1-10: Support of EN-DC with LTE-NR coexistence in UL sharing from UE perspective


ul-SharingEUTRA-NR




ENUMERATED {supported}

OPTIONAL,
-- R4 1-11: Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective


ul-SwitchingTimeEUTRA-NR


ENUMERATED {type1, type2}
OPTIONAL,

-- R4 2-4: Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)


simultaneousRxTxInterBandENDC

ENUMERATED {supported}

OPTIONAL,

-- R4 2-6: Asynchronous FDD-FDD intra-band EN-DC


asyncIntraBandENDC




ENUMERATED {supported}

OPTIONAL
}

-- TAG-BANDCOMBINATIONLIST-STOP

-- ASN1STOP

[…]

–
FeatureSetPerBC
The IE FeatureSetPerBC is used to indicate the feature sets that the UE supports on the NR CA or MR-DC band combinations.
FeatureSetPerBC information element

-- ASN1START

-- TAG-FEATURESETPERBC-START

FeatureSetPerBC ::=




SEQUENCE {


featureSetPerBCId 




FeatureSetPeBCId,


bandCombinationParameters


BandCombinationParameters











OPTIONAL,

featureSetPerBC-EUTRA ::= 


SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetPerBandEUTRA


OPTIONAL,

featureSetPerBC-NR ::= 



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetPerBandNR


OPTIONAL
}
-- TAG-FEATURESETPERBC-STOP

-- ASN1STOP

–
FeatureSetPerBandEUTRA
The IE FeatureSetPerBandEUTRA is used to indicate the band number and lists of uplink and downlink feature sets that the UE supports on the carrier(s) corresponding to the EUTRA band entry as listed in the same order in bandList in BandCombination. 

The feature sets referred to from this list are defined in TS 36.331 as and conveyed as part of the UE-EUTRA-Capability container. The FeatureSetUL-Id-r15 and FeatureSetDL-Id-r15 in the EUTRA feature sets correspond to the FeatureSetEUTRA-DownlinkId and FeatureSetEUTRA-UplinkId, respectively. 

The featureSetEUTRA-DownlinkList and featureSetEUTRA-UplinkList in all BandEntries of a band combination shall have the same number of elements. The UE shall support the combination of feature sets that are at the same position in all band entries and at the same position in the featureSetEUTRA-DownlinkList and featureSetEUTRA-UplinkList. 

FeatureSetPerBandEUTRA information element

-- ASN1START

-- TAG-FEATURESETPERBANDEUTRA-START

FeatureSetPerBandEUTRA ::= 



SEQUENCE {



featureSetEUTRA-DownlinkList


SEQUENCE (SIZE (1..maxEUTRA-FeatureSetsPerBC)) OF FeatureSetEUTRA-DownlinkId,


featureSetEUTRA-UplinkList



SEQUENCE (SIZE (1..maxEUTRA-FeatureSetsPerBC)) OF FeatureSetEUTRA-UplinkId

}

-- TAG-FEATURESETPERBANDEUTRA-STOP

-- ASN1STOP

–
FeatureSetPerBandNR
The IE FeatureSetPerBandNR is used to indicate the band number and lists of uplink and downlink feature sets that the UE supports on the carrier(s) corresponding to the NR band entry as listed in the same order in bandList in BandCombination. 

The featureSetDownlinkList and featureSetUplinkList in all BandEntries of a band combination shall have the same number of elements. The UE shall support the combination of feature sets that are at the same position in all band entries and at the same position in the featureSetDownlinkList and featureSetUplinkList. 

BandParameterNR information element

-- ASN1START

-- TAG-FEATURESETPERBANDNR-START

FeatureSetPerBandNR ::= 




SEQUENCE {



featureSetDownlinkList




SEQUENCE (SIZE (1..maxFeatureSetsPerBC)) OF FeatureSetDownlinkId,


featureSetUplinkList




SEQUENCE (SIZE (1..maxFeatureSetsPerBC)) OF FeatureSetUplinkId

}

-- TAG-FEATURESETPERBANDNR-STOP

-- ASN1STOP

	BandParameterNR field descriptions

	featureSetDownlinkList
The downlink feature sets that are supported on the downlink carrier(s) corresponding to this band entry. The FeatureSetDownlinkId = 0 indicates that the UE does not support configuration of a serving cell.

	featureSetUplinkList
The uplink feature sets that are supported on the uplink carrier(s) corresponding to this band entry. The FeatureSetUplinkId = 0 indicates that the UE does not support configuration of a serving cell.
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6.3.3
UE capability information elements

–
BandCombinationList
The IE BandCombinationList contains a list of NR CA and/or MR-DC band combinations (also including DL only or UL only band).
All EUTRA band combinations in bandCombinationList-EUTRA within BandCombination shall have the same number of band entires. All NR band combinations in bandCombinationList-NR within BandCombination shall have the same number of band entries.
BandCombinationList information element

-- ASN1START

-- TAG-BANDCOMBINATIONLIST-START

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









BandCombination ::= SEQUENCE {


bandCombinationList-EUTRA

SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationEUTRA
OPTIONAL,


bandCombinationList-NR


SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationNR

OPTIONAL,


featureSetPerBC 



FeatureSetPerBCId
}

BandCombinationEUTRA ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FreqBandIndicatorEUTRA

BandCombinationNR ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FreqBandIndicatorNR

BandCombinationParameters ::= SEQUENCE {


ca-ParametersNR





CA-ParametersNR





OPTIONAL,


mrdc-Parameters





MRDC-Parameters





OPTIONAL
}

CA-ParametersNR ::=
SEQUENCE {


multipleTimingAdvances



ENUMERATED {supported}



OPTIONAL,

-- R4 2-5: Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)


simultaneousRxTxInterBandCA


ENUMERATED {supported}

OPTIONAL,
-- BCS related to R4 2-1 and Updated CA BW class in R4-1803374


supportedBandwidthCombinationSet
BIT STRING (SIZE (1..32))
OPTIONAL
}

MRDC-Parameters ::=
SEQUENCE {


singleUL-Transmission

ENUMERATED {supported}

OPTIONAL,

-- R4 1-10: Support of EN-DC with LTE-NR coexistence in UL sharing from UE perspective


ul-SharingEUTRA-NR




ENUMERATED {supported}

OPTIONAL,
-- R4 1-11: Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective


ul-SwitchingTimeEUTRA-NR


ENUMERATED {type1, type2}
OPTIONAL,

-- R4 2-4: Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)


simultaneousRxTxInterBandENDC

ENUMERATED {supported}

OPTIONAL,

-- R4 2-6: Asynchronous FDD-FDD intra-band EN-DC


asyncIntraBandENDC




ENUMERATED {supported}

OPTIONAL
}

-- TAG-BANDCOMBINATIONLIST-STOP

-- ASN1STOP

[…]

–
FeatureSetPerBC
The IE FeatureSetPerBC is used to indicate the feature sets that the UE supports on the NR CA or MR-DC band combinations.
FeatureSetPerBC information element

-- ASN1START

-- TAG-FEATURESETPERBC-START

FeatureSetPerBC ::=




SEQUENCE {


featureSetPerBCId 




FeatureSetPeBCId,


bandCombinationParameters


BandCombinationParameters











OPTIONAL,

featureSetPerBC-EUTRA ::= 


SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetPerBandEUTRA


OPTIONAL,

featureSetPerBC-NR ::= 



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetPerBandNR


OPTIONAL
}
-- TAG-FEATURESETPERBC-STOP

-- ASN1STOP

–
FeatureSetPerBandEUTRA
The IE FeatureSetPerBandEUTRA is used to indicate the band number and lists of uplink and downlink feature sets that the UE supports on the carrier(s) corresponding to the EUTRA band entry as listed in the same order in BandCombinationEUTRA in the BandCombination. 

The feature sets referred to from this list are defined in TS 36.331 as and conveyed as part of the UE-EUTRA-Capability container. The FeatureSetUL-Id-r15 and FeatureSetDL-Id-r15 in the EUTRA feature sets correspond to the FeatureSetEUTRA-DownlinkId and FeatureSetEUTRA-UplinkId, respectively. 

The featureSetEUTRA-DownlinkList and featureSetEUTRA-UplinkList in all BandEntries of a band combination shall have the same number of elements. The UE shall support the combination of feature sets that are at the same position in all band entries and at the same position in the featureSetEUTRA-DownlinkList and featureSetEUTRA-UplinkList. 

FeatureSetPerBandEUTRA information element

-- ASN1START

-- TAG-FEATURESETPERBANDEUTRA-START

FeatureSetPerBandEUTRA ::= 



SEQUENCE {



featureSetEUTRA-DownlinkList


SEQUENCE (SIZE (1..maxEUTRA-FeatureSetsPerBC)) OF FeatureSetEUTRA-DownlinkId,


featureSetEUTRA-UplinkList



SEQUENCE (SIZE (1..maxEUTRA-FeatureSetsPerBC)) OF FeatureSetEUTRA-UplinkId

}

-- TAG-FEATURESETPERBANDEUTRA-STOP

-- ASN1STOP

–
FeatureSetPerBandNR
The IE FeatureSetPerBandNR is used to indicate the band number and lists of uplink and downlink feature sets that the UE supports on the carrier(s) corresponding to the NR band entry as listed in the same order in BandCombinationNR in the BandCombination. 

The featureSetDownlinkList and featureSetUplinkList in all BandEntries of a band combination shall have the same number of elements. The UE shall support the combination of feature sets that are at the same position in all band entries and at the same position in the featureSetDownlinkList and featureSetUplinkList. 

BandParameterNR information element

-- ASN1START

-- TAG-FEATURESETPERBANDNR-START

FeatureSetPerBandNR ::= 




SEQUENCE {



featureSetDownlinkList




SEQUENCE (SIZE (1..maxFeatureSetsPerBC)) OF FeatureSetDownlinkId,


featureSetUplinkList




SEQUENCE (SIZE (1..maxFeatureSetsPerBC)) OF FeatureSetUplinkId

}

-- TAG-FEATURESETPERBANDNR-STOP

-- ASN1STOP

	BandParameterNR field descriptions

	featureSetDownlinkList
The downlink feature sets that are supported on the downlink carrier(s) corresponding to this band entry. The FeatureSetDownlinkId = 0 indicates that the UE does not support configuration of a serving cell.

	featureSetUplinkList
The uplink feature sets that are supported on the uplink carrier(s) corresponding to this band entry. The FeatureSetUplinkId = 0 indicates that the UE does not support configuration of a serving cell.


