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1. Introduction
At RAN2 #99bis, the following was agreed [1].
-
The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS.
This paper focuses on the details of the fallback mechanism for Baseband Processing Combination (BPC) and provides TP to TS 38.331 and 38.306.
2. Discussion
To recap the relevant LTE CA mechanisms up to Rel-14, skipFallbackCombinations (Rel-13) and diffFallbackCombReport (Rel-14) are summarised as follows:
Table 2-1:
Brief overview of LTE CA BC retrieval mechanisms up to Rel-14
	
	Fallback band combinations (BCs)
	Different per-BC capability for fallback BCs
	Target BCs to report

	skipFallbackComb.
	Not reported
	Presence is indicated in the BC signalling
	Every BCs that UE supports

	diffFrallbackCombRep.
	Not reported if the per-BC capability is the same as their superset BC
	Reported together with its fallback BC
	eNB can request its interesting BCs to the UE.


The definition of fallback BC is specified in TS 36.306 as shown below.

Fallback band combination: A band combination that would result from another band combination by releasing at least one SCell or uplink configuration of SCell. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.

Bearing the LTE schemes in mind, the following discussion points can be envisaged:
Issue 1: Definition of fallback BPC
Issue 2: UE behaviour upon request from the gNB

2.1. Definition of fallback BPC
According to what has been discussed so far, BPC is to be structured as follows:
-
In the BPC signalling, a set of UE capabilities that influences baseband processing is defined per CA bandwidth class in DL/UL;

-
UE capabilities in BPC report the maximum capability supported up to the aggregated bandwidth indicated by CA bandwidth class;
-
For some features, UE capabilities are defined as the maximum capability per CC.

-
E.g. MIMO capability decided as a working assumption at the #99bis meeting.
From these characteristics, the following options can be considered for the definition of fallback BPC:
Option 1:

A BPC derived from another BPC by removing one or more per-BW class baseband processing;

Option 2:

A BPC derived from another BPC by removing one or more per-CC baseband processing.

Figure 2.1-1 and 2.1-2 illustrate a simple example for these options. BPC #1 is a superset BPC for CA BW class A + C. BPC #2 is an example of Option 1 by removing baseband processing capabilities for class C. BPC #3 is an example of Option 2 by removing baseband processing capabilities for CC2 in class C. For Option 2, another assumption could be envisaged such that the UE can support all possible fallback BPCs resulting in removing any CCs in CA BW class. For example in Figure 2.1-2, CC1 (support of 2 layer MIMO) can be removed from the class C baseband processing. As can be seen in these examples, both options are feasible as long as all UE capabilities are defined per CC.
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Figure 2.1-1:
Example of Option 1
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Figure 2.1-2:
Example of Option 2

Figure 2.1-3 and 2.1-4 illustrate another example for the case where UE capabilities are defied as the maximum capability up to the aggregated bandwidth indicated by CA bandwidth class. Even with this case, there is no ambiguity in Option 1. In contrast, Option 2 causes some ambiguity in deriving the per-CC capability from the per-BW class capability as illustrated in Figure 2.1-4.
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Another example Option 2
From the above viewpoints, Option 1 seems superior to Option 2 due to its simplicity. The following is proposed:
Proposal 1:
A fallback BPC is defined as a BPC derived from another BPC by removing one or more per-BW class baseband processing.
2.2. UE behaviour upon request from the gNB
Rel-14 diffFallbackCombReport allows the eNB to request its interesting band combinations to retrieve. Upon receiving the list to requested band combinations, the UE at least reports the requested band combinations together with supported capabilities. In contrast, there is no restriction in Rel-13 skipFallbackCombinations such that the UE reports all supported “superset” band combinations. Thus, another discussion point for the fallback BPC is whether the gNB should be able to restrict the number of BPCs reported by a UE or not. If so, how such the restriction is requested is the next question. The following approaches can be considered:
Approach 1:

No restriction (like skipFallbackCombinations); I.e. the UE reports all superset BPCs.
Approach 2:
The gNB can request its interesting CA bandwidth class combination in terms of BPC (e.g. C+A, A+A, etc.).

Approach 3:

The gNB can request the maximum aggregated bandwidth of BPC reported by the UE.






For instance, if the gNB requests BPC up to 40 MHz, the UE reports BPC for C and A+A.
As the LTE CA BC signalling has grown up, it is likely that the BPC signalling follows the same growing trend in later releases. In that sense, some mechanisms to restrict the reported BPC is deemed as necessary. On the other hand, it is not clear if the detailed information such as the bandwidth class combination is required like Approach 2. If the network provides CA/DC up to 40 MHz for instance, it is most likely that the network wish to retrieve all possible BW class combinations up to 40 MHz. As such, Approach 3 is sufficient for the gNB to restrict the number of BPCs reported by the UE. Thus, the following is proposed:
Proposal 2:

The gNB can request the maximum aggregated bandwidth of BPC reported by the UE.
Upon receiving the gNB enquiry including the maximum aggregated bandwidth, the similar mechanism to LTE diffFallbackCombReport can be inherited to BPC. Subsequently, the followings are proposed:
Proposal 3:

The UE reports supported BPCs up to the aggregated bandwidth requested by the gNB.

Proposal 4:
The UE skips to report fallback BPCs if the supported capabilities are the same as their superset BPC.
Proposal 4a:
Otherwise, i.e. if the supported capabilities are different from the superset BPC, the fallback BPC is reported.
3. Summary and proposal
This paper discussed the details of fallback BPC mechanisms and provided a set of proposals. Although the discussion is assumed for NR CA, the proposed schemes are applicable to MR-DC in principle. Together with the set of proposals described in sub-clause 2, applicability to MR-DC is also proposed as shown below:
Proposal 1:
A fallback BPC is defined as a BPC derived from another BPC by removing one or more per-BW class baseband processing.

Proposal 2:

The gNB can request the maximum aggregated bandwidth of BPC reported by the UE.

Proposal 3:

The UE reports supported BPCs up to the aggregated bandwidth requested by the gNB.

Proposal 4:
The UE skips to report fallback BPCs if the supported capabilities are the same as their superset BPC.

Proposal 4a:
Otherwise, i.e. if the supported capabilities are different from the superset BPC, the fallback BPC is reported.
Proposal 5:

The proposed fallback BPC schemes (1 to 4a) are applicable to MR-DC.
TP to 38.306, 38.331 and 36.331 are provided in the Annex section of this paper.
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Annex A: TP on fallback BPC
A.1:
TP to 38.306

	The First Change


3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Fallback baseband processing combination:
A baseband processing combination that results from another baseband processing combination by releasing baseband processing of at least one CA bandwidth class for DL and/or UL.
	Next Change


4.3.6
Physical layer parameters

4.3.6.X
supportedBasebandProcessingCombination-r15
This field defines the combination of physical layer parameters that influences baseband processing when the UE is configured with CA and/or MR-DC. In this field, a set of the baseband affected physical layer parameters are defined per CA bandwidth class. For each CA bandwidth class, some physical layer parameters are defined as capability per Component Carrier, e.g. the number of maximum MIMO layers.
4.3.6.Y
skipFallbackBPC-r15
This field defines whether the UE support excluding fallback baseband processing combinations in supportedBasebandProcessingCombination. For instance, a BPC for CA bandwidth class A can be regarded as a fallback baseband processing combination from a BPC for CA bandwidth class A + C, if the set of parameters in BPC for class A is the same as the one for Class A in BPC A+ C.
	End of Changes


A.2:
TP to 38.331 (only the delta from TP on [99bis#28][NR] is shown unless necessary)
	The First Change


5.6
UE capabilities

5.6.1
UE capability transfer

<< skip unrelevant part >>
5.6.1.3
Reception of the UECapabilityEnquiry by the UE
The UE shall set the contents of UECapabilityInformation message as follows:
1>
if the ue-CapabilityRequest includes nr:
2>
include the UE-NR-Capability within a ue-CapabilityRAT-Container and with the rat-Type set to nr;

2>
include CA band combinations supported by the UE into supportedBandCombination as specified in 5.6.1.4;
2>
include baseband processing combinations supported by the UE into supportedBasebandProcessingCombination as specified in 5.6.1.5;
1>
if the ue-CapabilityRequest included mrdc:
2>
include the UE-MRDC-Capability within a ue-CapabilityRAT-Container and with the rat-Type set to mrdc;

2>
include MR-DC band combinations supported by the UE into supportedBandCombination as specified in 5.6.1.4;
1>
submit the UECapabilityInformation message to lower layers for transmission, upon which the procedure ends;
<< skip unrelevant part >>
5.6.1.4
Compilation of baseband processing combinations supported by the UE
The UE shall:

1>
compile a list of baseband processing combinations, candidate for inclusion in the UECapabilityInformation message, comprising of baseband processing combinations supported by the UE
1>
if the UECapabilityEnquiry message includes requestSkipFalbackBPC:
2>
for each baseband processing combination in the list of candidates:

3>
if the total aggregated bandwidth in DL and / or UL exceeds the value indicated in maxAggregaedBW-DL and/or maxAggregatedBW-UL, or:

3>
if the baseband processing combination is regareded as a fallback baseband processing combination of another band combination in the list of candicates as specified in TS 38.306 [xx];

4>
remove the baseband processing combination from the list of candidates;
1>
include all baseband processing combinations in the candicate list into supportedBasebandProcessingCombination.
	Next Change


6.2.2
Message definitions

<< skip unrelevant part >>
–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for NR as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: NG-RAN to UE

UECapabilityEnquiry message
-- ASN1START

-- TAG-UECAPABILITYENQUIRY-START
UECapabilityEnquiry ::=
SEQUENCE {


rrc-TransactionIdentifier

RRC-TransactionIdentifier,


criticalExtensions



CHOICE {



ueCapabilityEnquiry-r15


UECapabilityEnquiry-r15-IEs,



criticalExtensionsFuture

SEQUENCE {}


}

}

UECapabilityEnquiry-r15-IEs ::=
SEQUENCE {


ue-CapabilityRequest-r15

UE-CapabilityRequest-r15,

requestBandCombList-r15


BandCombinationList-r15


OPTIONAL,


requestSkipFallbackBPC-r15

RequestSkipFallbackBPC-r15

OPTIONAL,


nonCriticalExtension


SEQUENCE {}





OPTIONAL

}

UE-CapabilityRequest-r15 ::=
SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type-r15
RequestFallbackBPC-r15 ::=
SEQUENCE {

maxAggregatedBW-DL


INTEGER (0..65535),


maxAggregatedBW-UL


INTEGER (0..65535)

}

-- TAG-UECAPABILITYENQUIRY-STOP
-- ASN1STOP

	UECapabilityEnquiry field descriptions

	requestSkipFallbackBPC
Indicates that the UE is requested to report supported baseband processing combinations for which the aggregated bandwidth in DL and UL is up to the value in a unit of resource blocks indicated in maxAggregatedBW-DL/UL. If this field is present, the UE shall explicitly exclude fallback baseband processing combinations in capability signalling.


	End of Changes


A.3:
TP to 36.331

	The First Change


5.6.3.3
Reception of the UECapabilityEnquiry by the UE

The UE shall:
<< skip unrelevant part >>
1>
else, set the contents of UECapabilityInformation message as follows:

2>
if the ue-CapabilityRequest includes eutra:

3>
include the UE-EUTRA-Capability within a ue-CapabilityRAT-Container and with the rat-Type set to eutra;
<< skip unrelevant part >>
3>
if the UE is a category 0, M1 or M2 UE, or supports any UE capability information in ue-RadioPagingInfo, according to TS 36.306 [5]:

4>
include ue-RadioPagingInfo and set the fields according to TS 36.306 [5];

3>
include baseband processing combinations supported by the UE into supportedBasebandProcessingCombination as specified in TS 38.331 [X, 5.6.1.5];
<< skip unrelevant part >>
1>
submit the UECapabilityInformation message to lower layers for transmission, upon which the procedure ends;

	Next Change


–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for E‑UTRA as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::=
SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1310-IEs 






OPTIONAL

}

UECapabilityEnquiry-v1310-IEs ::=
SEQUENCE {


requestReducedFormat-r13


ENUMERATED {true}




OPTIONAL,
-- Need ON


requestSkipFallbackComb-r13

ENUMERATED {true}




OPTIONAL,
-- Need ON


requestedMaxCCsDL-r13



INTEGER (2..32)




OPTIONAL,
-- Need ON


requestedMaxCCsUL-r13



INTEGER (2..32)




OPTIONAL,
-- Need ON


requestReducedIntNonContComb-r13
ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



UECapabilityEnquiry-v1430-IEs

OPTIONAL

}

UECapabilityEnquiry-v1430-IEs ::=
SEQUENCE {


requestDiffFallbackCombList-r14

BandCombinationList-r14


OPTIONAL,
-- Need ON

nonCriticalExtension



UECapabilityEnquiry-v15xy-IEs

OPTIONAL

}

UECapabilityEnquiry-v15xy-IEs ::=
SEQUENCE {


requestSkipFallbackBPC-r15


RequestSkipFallbackBPC-r15

OPTIONAL,

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

UE-CapabilityRequest ::=


SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

RequestFallbackBPC-r15 ::=
SEQUENCE {

maxAggregatedBW-DL


INTEGER (0..65535),


maxAggregatedBW-UL


INTEGER (0..65535)

}

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	requestDiffFallbackCombList

List of CA band combinations for which the UE is requested to provide different capabilities for their fallback band combinations in conjunction with the capabilities supported for the CA band combinations in this list. The UE shall exclude fallback band combinations for which their supported UE capabilities are the same as the CA band combination indicated in this list.

	requestReducedFormat

Indicates that the UE if supported is requested to provide supported CA band combinations in the supportedBandCombinationReduced-r13 instead of the supportedBandCombination-r10. The E-UTRAN includes this field if requestSkipFallbackComb or requestDiffFallbackCombList is included in the message.

	requestSkipFallbackBPC
Indicates that the UE is requested to report supported baseband processing combinations for which the aggregated bandwidth in DL and UL is up to the value in a unit of resource blocks indicated in maxAggregatedBW-DL/UL. If this field is present, the UE shall explicitly exclude fallback baseband processing combinations in capability signalling.

	requestSkipFallbackComb

Indicates that the UE shall explicitly exclude fallback CA band combinations in capability signalling. 

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.

	requestedMaxCCsDL, requestedMaxCCsUL

Indicates the maximum number of CCs for which the UE is requested to provide supported CA band combinations and non-CA bands.

	requestReducedIntNonContComb

Indicates that the UE shall explicitly exclude supported intra-band non-contiguous CA band combinations other than included in capability signalling as specified in TS 36.306 [5, 4.3.5.21]. 


	End of Changes
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