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1. Introduction
This paper reports the summary of the following email discussion:
[99#26][NR] Capability coordination, Part 2 (DOCOMO)
-
Part 2: Details of baseband capability structure for NR and LTE. Starting point is Example 1 and Example 2 as captured in RAN4 LS [2]. Discuss whether the baseband capability structure is also applied for LTE standalone.
-
Intended outcome: Design details of baseband capability structure

-
Deadline:  Thursday 2017-09-21

In accordance with the above scope, the goal of this email discussion is to work on;
1)
How will Example 1 and 2 (for Solution1 and 3 in [2]) look like from the ASN.1 structure viewpoints?

2)
Whether Solution 1/3 should be applied for LTE?

As the outcome, text proposals for Solution 1/3 based on Example 1/2 are provided and submitted to the next meeting.
2. Discussion
2.1. NR ASN.1 structure for Solution 1
One example of ASN.1 structure for Solution 1 is provided in this sub-clause based on Example 1 [1] with some remarks below. 
1.
According to Example 1 in [2], the maximum number of MIMO layers per CC is included inside the NR band combination signaling like done for LTE.
1.1
These fields are included at least for non-CA bands (i.e. supportedBandCombination including only one frequency band). For the CA band combinations (i.e. supportedBandCombination including two or more frequency bands), these fields can be omitted if the value is the same as the non-CA band. If not, the different value than the non-CA band case can be reported inside the corresponding CA band combination.
2.
All UE capabilities listed in Example 1 are included following the way done for LTE, although it has yet to be decided these capabilities are defined for NR.
3.
The BB capability set can be supported no matter which band/carrier is configured for CC#1, #2, etc.
4.
A baseband combination ID is introduced and included into the NR band combination for the UE to report the baseband capability supported for a given NR band combination.

5.
One example to implement DL/UL band combination decoupling is implemented to see the whole picture of ASN.1 structure, although it is discussed separately in [99#24][NR].

6.
Skipping fallback combinations and different fallback capability reporting can be applied in accordance with the agreements, which are to be described in the procedure text for UE capability inquiry procedure.

–
UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [xx]. The IE UE-NR-Capability is transferred in NG-RAN or in another RAT.

UE-NR-Capability information element

-- ASN1START

-- TAG-UE-NR-CAPABILITY-START
UE-NR-Capability ::=


SEQUENCE {


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

PhyLayerParameters ::=



SEQUENCE {


supportedBasebandProcessingCombination

SupportedBasebandProcessingCombination
}

RF-Parameters ::=



SEQUENCE {


supportedBandListNR




SupportedBandListNR,

supportedBandCombination


SupportedBandCombination

}

SupportedBandListNR ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandNR
SupportedBandCombination ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationParameters

SupportedBasebandProcessingCombination ::= SEQUENCE (SIZE (1..maxBasebandProcComb)) OF BasebandProcessingCombinationParameters
BasebandProcessingCombinationParameters ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BasebandParametersPerBand
BasebandParametersPerBand ::= SEQUENCE {

ca-BandwidthClassDL


CA-BandwidthClass,


basebandParametersDL

SEQUENCE (SIZE (1..maxServCell)) OF BasebandParametersPerCC,

ca-BandwidthClassUL


CA-BandwidthClass,

basebandParametersUL

SEQUENCE (SIZE (1..maxServCell)) OF BasebandParametersPerCC
}
BasebandParametersPerCC ::= SEQUENCE {

supportedMIMO-CapabilityDL


MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL


MIMO-Capability





OPTIONAL,

supportedCSI-Proc




ENUMERATED {n1, n3, n4}



OPTIONAL,


nonPrecoded






MIMO-NonPrecodedCapabilities

OPTIONAL,

beamformed






MIMO-BeamformedCapabilityList

OPTIONAL,

dmrs-Enhancements




ENUMERATED {supported}



OPTIONAL,

csi-ReportingNP





ENUMERATED {supported}



OPTIONAL,


csi-ReportingAdvanced



ENUMERATED {supported}



OPTIONAL
}
BandCombinationParameters ::= SEQUENCE {

bandParametersListDL

SEQUENCE (SIZE (2
..maxSimultaneousBands)) OF BandParametersDL,

-- RF related capabilities associated with DL BC are to be included here

supportedBandCombUL


SEQUENCE (SIZE (1..maxUL-Combinations)) OF BandParametersListUL
}
BandParametersListUL ::= SEQUENCE {

bandListUL



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

-- RF related capabilities associated with UL BC and DL/UL BC are to be included here
}
BandParametersDL ::= SEQUENCE {

bandNR






FreqBandIndicator,


ca-BandwidthClassDL



CA-BandwidthClass,

intraBandMIMO-CapabilityDL

SEQUENCE (SIZE (1..maxServCell)) OF MIMO-Capability

OPTIONAL
}

BandParametersUL ::= SEQUENCE {


ca-BandwidthClassUL



CA-BandwidthClass,

intraBandMIMO-CapabilityUL

SEQUENCE (SIZE (1..maxServCell)) OF MIMO-Capability
OPTIONAL
}

CA-BandwidthClass ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-BeamformedCapabilityList ::= SEQUENCE (SIZE (1..maxCSI-Proc)) OF MIMO-BeamformedCapabilities

MIMO-BeamformedCapabilities ::= SEQUENCE {


k-Max






INTEGER (1..8),


n-MaxList





BIT STRING (SIZE (1..7))



OPTIONAL

 }

MIMO-Capability ::= ENUMERATED {l2, l4, l8}

MIMO-NonPrecodedCapabilities ::= SEQUENCE {

config1







ENUMERATED {supported}



OPTIONAL,


config2







ENUMERATED {supported}



OPTIONAL,


config3







ENUMERATED {supported}



OPTIONAL,


config4







ENUMERATED {supported}



OPTIONAL

}

SupportedBandNR ::=
SEQUENCE {


bandNR







FreqBandIndicator,


supportedMIMO-CapabilityDL


MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL


MIMO-Capability





OPTIONAL,

-- Single band related capabilities are to be included here
}

-- TAG-UE-NR-CAPABILITY-STOP
-- ASN1STOP

–
FreqBandIndicator

The IE FreqBandIndicator indicates the NR operating band as defined in TS 38.101 [XX, table X.Y-Z].

FreqBandIndicator information element

-- ASN1START

-- TAG-FREQBANDINDICATOR-START
FreqBandIndicator ::=




INTEGER (1..maxFBI)

-- TAG-FREQBANDINDICATOR-STOP
-- ASN1STOP

–
Multiplicity and type constraint definitions

-- ASN1START

maxBandComb




INTEGER ::=
XX
-- Maximum number of DL band combinations
maxBasebandProcComb


INTEGER ::=
XX
-- Maximum number of base band processing combinations
maxServCell




INTEGER ::=
XX
-- Maximum number of serving cells
maxSimultaneousBands

INTEGER ::= XX
-- Maximum number of simultaneously aggregated bands
maxUL-Combinations


INTEGER ::=
XX
-- Maximum number of UL BW class combinations
maxCSI-Proc




INTEGER ::=
XX
-- Maximum number of CSI processes (per carrier)
-- ASN1STOP

Companies are invited to provide their comments on the above ASN.1 implementation.
	Company name
	Comment to ASN.1 implementation on Solution 1

	Samsung
	· 
We understand that for either solution, we would still specify an RF related limit regarding MIMO layers (~antenna related). We assume this would just be specified per band. In case supported bands are not signaled separately anymore, but just within supported BCs, it would however appear as shown

· 
In the proposed ASN.1 a supported band combination (BC) is linked to a baseband processing combination (BPC) i.e. there is an index in supported BCs referring to a supported BPC. We think this linking is not appropriate i.e. the BPCs should be independent i.e. there would not be such linking
· 
Although BC and BPC capabilities are related, there is no need for linking. I.e. for a BC with 3 CCs, all the BPCs with 3CCs apply. I.e. for the BPC it does not really matter which particular bands are used for the 3 CCs – as the baseband processing is independent of this
· 
Please note that during the last meeting we almost agreed a different kind of linking for EN-DC i.e., namely for the capability coordination related signaling between MN and SN (i.e. linking LTE BPC and NR BPC). This would avoid that an LTE node would have to know any particulars of NR BP related functions (which are assumed to be quite RAT specific)
· 
Another minor general remark: Shouldn’t the baseband related capabilities now be outside RF-parameters

	Ericsson
	We agree with Samsung that we should attempt to signal the RF restrictions (MIMO) per band and not inside the band combination. Including them into the band combinations would lead to inclusion of fallback band combinations and duplicates. 
If a UE is e.g. able to support 4-Layer MIMO when serving a single carriers in a band (BW class A) but only 2-Layer MIMO when serving two carriers in the band (BW class C), this should be signaled as a baseband restriction.

We also agree with Samsung that, in accordance with the discussions at RAN2-99, we should not use an explicit index to point from a band combination to the baseband capability combinations. 

	MediaTek
	We share the view that we should decouple RF restriction, e.g. max MIMO/BW supported with certain band, and baseband capability can be shared among, e.g. BW, MIMO, etc. 

We understand Solution 1 is to list all combination of baseband capability sharing among e.g. BW, MIMO, etc., but it seems those parameters are not listed in basebandParameterSet.

The usage of 
the index is also not clear to us, is it used to avoid baseband capability duplication of different BC?


	Qualcomm Incorporated
	· We actually think it makes sense to keep MIMO capability per band per band combination. Or at least from functional level, it should be possible for the UE to indicate 4 layer is possible only in one of the bands in CA, for example: 3A (2layer) +41A (4 layer) or 3A (4 layer) +41A (2 layer).
· We also agree that the index is not necessary in case of Standalone operation. BPC capabilities for 3CC CA should be supported in any 3CC CA band combinations.
· This is however not true in case of NSA, because what the UE can do in 3CC CA can be different depending on the configuration used in the other RAT.

	Intel
	· Based on RAN1 feedback, BW of each CC should be also included in BPC as an input parameter.

· We think basebandProcessingCombinationId is not necessary because with number of CCs, BW, and MIMO layer, the supported BPC(s) can be implicitly derived. 
· As we commented in email discussion #24 (decoupling), although baseband processing combination (BPC) is introduced, we think MIMO capability should be in each BC because MIMO capability is not pure baseband processing capability. 

	MediaTek2
	· We agree with Intel on including BW in BPC, it is needed to signal the baseband processing sharing with other features. 

· We also agree BW would need to include the max MIMO and BW information. And, sharing among feature on baseband processing would be included in BPC. 

	Huawei,HiSilicon
	We need to decouple the Baseband capability from the band combination, i.e. no explicit index between band combination and baseband capability.

In addition, 
On the restriction of MIMO from RF part,  there are two approaches:
· One way is  to define a separate structure to report the restriction. 
· Another way is to add optional MIMO capability in bandcombination. If the MIMO capability from RF part is lower than the one indicated in baseband capability, it should be present. Otherwise, it is not present.
· 

	Nokia
	Agree with the principle on retaining the MIMO capability per band. We are also not in favor of providing an explicit linking identity connecting a BC and BP when it is clear which BPC entries are “available” upon selecting a particular BC.

	CATT
	Firstly, we agree with Ericsson and Samsung, RAN2 assumes that MIMO level capability belongs to baseband level capability, so we should not put it in the band combination.

Secondly, for the linkage of BC and BPC, we do not understand why the baseband combination linked to the UL band number (also in AdditionalBandParameters) in the proposed ASN.1. 
Thirdly, we agree with Ericsson and Samsung, we should take EN-DC bandcombination into account, so the baseband combination should not be linkage to a special EN-DC bandcombination.


2.2. NR ASN.1 structure for Solution 3

One example of ASN.1 structure for Solution 3 is provided in this sub-clause based on Example 2 [2] with some remarks below. 

1.
The maximum number of MIMO layers per CC for a given band is included inside the NR band combination signaling as well as the maximum number of CSI process per CC.
1.1
These fields are included at least for non-CA bands (i.e. supportedBandCombination including only one frequency band). For the CA band combinations (i.e. supportedBandCombination including two or more frequency bands), these fields can be omitted if the value is the same as the non-CA band. If not, the different value than the non-CA band case can be reported inside the corresponding CA band combination.
2.
The total number of MIMO layers/CSI processes is defined as physical layer parameters.
3.
Likewise Solution 1, one example to implement DL/UL band combination decoupling is implemented to see the whole picture of ASN.1 structure, although it is discussed separately in [99#24][NR].

4.
Likewise Solution 1, skipping fallback combinations and different fallback capability reporting can be applied in accordance with the agreements, which are to be described in the procedure text for UE capability inquiry procedure.
–
UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [xx]. The IE UE-NR-Capability is transferred in NG-RAN or in another RAT.

UE-NR-Capability information element

-- ASN1START

-- TAG-UE-NR-CAPABILITY-START

UE-NR-Capability ::=


SEQUENCE {


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

PhyLayerParameters ::=



SEQUENCE {

totalMIMO-CapabilityDL



INTEGER (2..100),

totalMIMO-CapabilityUL



INTEGER (2..100),

totalCSI-Proc





INTEGER (1..100),

supportedCSI-proc-perCC



ENUMERATED {n1, n3, n4}



OPTIONAL
}

RF-Parameters ::=



SEQUENCE {


supportedBandListNR




SupportedBandListNR,

supportedBandCombination


SupportedBandCombination

}

SupportedBandListNR ::=
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandNR
SupportedBandCombination ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationParameters

BandCombinationParameters ::= SEQUENCE {


bandParametersListDL

SEQUENCE (SIZE (2
..maxSimultaneousBands)) OF BandParametersDL,

-- RF related capabilities associated with DL BC are to be included here


supportedBandCombUL


SEQUENCE (SIZE (1..maxUL-Combinations)) OF BandParameterListUL
}

BandParametersDL ::= SEQUENCE {

bandNR







FreqBandIndicator,


ca-BandwidthClassDL




CA-BandwidthClass,

intraBandMIMO-CapabilityDL

SEQUENCE (SIZE (1..maxServCell)) OF MIMO-Capability

OPTIONAL
}

BandParameterListUL ::= SEQUENCE {

bandListUL 



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

-- RF related capabilities associated with UL BC and DL/UL BC are to be included here
BandParametersUL ::= SEQUENCE {

ca-BandwidthClassUL




CA-BandwidthClass,

intraBandMIMO-CapabilityUL

SEQUENCE (SIZE (1..maxServCell)) OF MIMO-Capability
OPTIONAL
}

CA-BandwidthClass ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-Capability ::= ENUMERATED {l2, l4, l8}

SupportedBandNR ::=
SEQUENCE {


bandNR







FreqBandIndicator,


supportedMIMO-CapabilityDL


MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL


MIMO-Capability





OPTIONAL

-- Single band related capabilities are to be included here
}

-- TAG-UE-NR-CAPABILITY-STOP
-- ASN1STOP

	UE-NR-Capability field descriptions
	FDD/ TDD diff

	suppportedCSI-Proc-perCC
The maximum number of CSI-processes per CC.
	-

	totalCSI-Proc
The total number of CSI-processes across the CCs configured for a UE.
	-

	totalMIMO-CapabilityXL

The total number of DL/UL MIMO layers across the CCs configured for a UE.
	-


–
FreqBandIndicator

The IE FreqBandIndicator indicates the NR operating band as defined in TS 38.101 [XX, table X.Y-Z].

FreqBandIndicator information element

-- ASN1START

-- TAG-FREQBANDINDICATOR-START

FreqBandIndicator ::=




INTEGER (1..maxFBI)

-- TAG-FREQBANDINDICATOR-STOP
-- ASN1STOP

–
Multiplicity and type constraint definitions

-- ASN1START

maxBandComb




INTEGER ::=
XX
-- Maximum number of DL band combinations
maxSimultaneousBands

INTEGER ::= XX
-- Maximum number of simultaneously aggregated bands
maxUL-Combinations


INTEGER ::=
XX
-- Maximum number of UL BW class combinations
-- ASN1STOP

Companies are invited to provide their comments on the above ASN.1 implementation.

	Company name
	Comment to ASN.1 implementation on Solution 3

	Samsung
	· 
We understand that with this solution the intention is to have a) a maximum total value and b) a maximum value per CC. E.g. for a BPC entry with 3 CCs, the UE may indicate it supports 10 MIMO layers in total and at most 4 MIMO layers per CC. Likewise for the other parameters like BW, CSI processes. The UE would then have to support all potential combinations corresponding to this
· 
In the ASN.1 the maximum total values are included (within PhyLayerParameters). In addition for each Band of a BC the UE indicates a value for BW, #MIMO and #CSI processes value. I.e. the BPC limitations are provided in a not band-independent manner as we think it should be. I.e. we think there should be a per CC list as for solution 1.
· 
Note that the RF related limitation regarding MIMO layers is a separate issue, see our comment on solution 1

	Ericsson
	We agree with Samsung that the ASN.1 does not seem to reflect the intention of the “Solution 3” as presented in R2-1708785. The intention was that the number of MIMO layers and the number of CSI processes is not signaled in each band of a band combination but rather only in the BPC table (and possibly in a per band table for RF purposes).

	MediaTek
	Current example does not reflect Solution 3, we understand Solution 3 is similar to NAISC capability signaling

· A baseband processing combination list of {max MIMO, max BW, QAM, HARQ timing, etc.} is included in phyLayerParameters
· A BIT STRING in BandCombinationParameters to refer to the entries of the list
An example
PhyLayerParameters ::=



SEQUENCE {


supportedBasebandProcessingCombination-List

SupportedBasebandProcessingCombination-List
}

SupportedBasebandProcessingCombination-List::= SEQUENCE (SIZE (1..maxBBP-Entries)) OF SupportedBasebandProcessingCombination-Entry
SupportedBasebandProcessingCombination-Entry 
::=
SEQUENCE {

    max-BW                              

    max-totalMIMO-CapabilityDL



INTEGER (2..100),


max-PerCCMIMO-CapabilityUL



INTEGER (2..100),


totalCSI-Proc





    INTEGER (1..100),

    min-scheduleTing

...
}
BandCombinationParameters ::= SEQUENCE {

   basebandProcessingCombination

BIT STRING (SIZE (1.. maxBBP-Entries))
}



	Qualcomm Incorporated
	· The same understanding as Samsung and Ericsson on the interpretation of solution 3 in R2-1708785.

· We however do not think we can get away from indicating the max MIMO layer per band. Otherwise this solution is too restrictive and will result in underutilization of true UE capability.

	Intel
	We prefer to keep MIMO capability per band combination although we define BPC with either solution or solution 3. 
Based on MediaTek’s comment, we may need to clarify which capabilities can be included in BPC. We understand that baseband capabilities affected by the following parameters should be included. 1) the number of supported CCs, BW per each supported CC, number of MIMO layers per each CC. Having said so, I wonder if HARQ timing would be applied to such capability. 
Regarding the example, we understand that maximum capability for all CCs (aggregated capability) and maximum capability per CC were proposed in solution 3 but it doesn’t seem to be captured correctly. 
The unclear point of solution 3 is how it is extended for other UE capability than MIMO or CSI process. Is it always possible to generate aggregated capability and per CC maximum capability clearly?
Just for example, RAN1/RAN4 identified the following baseband capabilities. we should have a clear view how we can define with the solution 3. 

· supportedCSI-Proc-r11

· nonPrecoded-r13

· beamformed-r13

· dmrs-Enhancements-r13

· csi-ReportingNP-r14

· csi-ReportingAdvanced-r14

· hybridCSI-r14

· semiOL-r14

Basically, we are a bit concerned to use such aggregated capability concept because it will give burden in UE implementation/test because the UE needs to support many combinations that are 
implicitly derived. 

	MediaTek2
	Agree with Intel that we need to discuss which capability to be included in BPC. On HARQ timing, it is under R1 discussion, so it is just a reminder.

We are thinking about below structure to split baseband sharing and non-sharing feature.
PhyLayerParameters ::=


SEQUENCE {


Non-sharing-feature-1 




ENUMERATED {supported},

    Non-sharing-feature-2




ENUMERATED {supported},

--
/sharing features/

    supportedBasebandProcessingCombination-List

SupportedBasebandProcessingCombination-List

}



	Huawei,HiSilicon
	The base band  capability table should be similar as MTK example, but the link between band combination and baseband capability should be implicit by the max BW supported by the band combination. 
Regarding the restriction of MIMO from RF part,  there are two approaches:
· One way is to define a separate structure to report the restriction. 
· Another way is to add optional MIMO capability in bandcombination. If the MIMO capability from RF part is lower than the one indicated in baseband capability, it should be present. Otherwise, it is not present.
SupportedBasebandProcessingCombination-List::= SEQUENCE (SIZE (1..maxBBP-Entries)) OF SupportedBasebandProcessingCombination-Entry
SupportedBasebandProcessingCombination-Entry 
::=
SEQUENCE {

    max-BW                              

    max-totalMIMO-CapabilityDL



INTEGER (2..100),


max-PerCCMIMO-CapabilityDL



INTEGER (2..100),
    max-totalMIMO-CapabilityUL



INTEGER (2..100),


max-PerCCMIMO-CapabilityUL



INTEGER (2..100),

maxtotalCSI-Proc





    INTEGER (1..100),


maxperCCCSI-Proc





    INTEGER (1..100),


...
}
In addition, for the baseband capabilities which are not shared, we do not need to include them in SupportedBasebandProcessingCombination.

	Nokia
	Agree with Qualcomm that we need to signal the max MIMO layer per band. Once this is a given, it is difficult to see how Solution 3 provides any additional gains compared to Solution 1 due to the fact that the not only the total number of MIMO layers need to be signaled but also the way these must be split in different CC combinations. Otherwise, the UE must implicitly support all combinations. Our feeling is that this solution seems to compromise on the flexibility allowed by Solution 1.

	CATT
	Same understanding as Samsung and Ericsson, there should be two parameters for base band capabilities such that max in total and max per CC. .We also wonder on the gain of this solution compared to solution 1.


[Rapporteur’s summary in sub-clause 2.1 and 2.2]
Based on the ASN.1 examples provided in this paper, the main goal of this email discussion was to build common consensus as to how Example 1/2 look like.

For both examples, in addition to the MIMO capability (i.e. number of supported MIMO layers) in the baseband processing combination, it was extensively discussed (including offline) whether the MIMO capability should also be included in the band combination signaling. This is due to the characteristics that it is relevant to RF (e.g. antenna configuration). On the other hand, the band combination structure looks similar to LTE, if the MIMO capability is included in the band combination, which is one of the root causes of increased signaling size. To balance the signaling size and flexibility due to the RF nature, the rapporteur thinks that the followings seem the consensus amongst the interested companies:
For both examples:
1.
The UE reports the MIMO capability, which stems from the baseband characteristics, as a baseband capability.

2.
In addition, the UE can report the number of MIMO layers per CC, which stems from the RF characteristics is included, per a single frequency band (i.e. non-CA case).
3.
For a certain band combination, if the supported MIMO capability per CC is different from the one for the baseband and single frequency band, the UE can report the different MIMO capability in the band combination signalling.
4.
The above bullets (1 to 3) are applicable to the other baseband capabilities which also stem from the RF characteristics, if any.

Besides that, there are still open how the MIMO capability is signaled as a baseband capability. The following three options have been identified so far:
Option 1:
The total number of MIMO layers within a given bandwidth (e.g. CA BW class) is reported per bandwidth (i.e. BW class).
Option 2:
For a given bandwidth, the maximum number of MIMO layer is reported per CC (Example 1 in [1]).
Option 3:
The total number of MIMO layers is reported per RAT (i.e. across the while aggregated bandwidth, Example 2 in [1]).
On Example 1, it was also discussed that one baseband processing combination is reported for a given number of DL/UL CCs or a given number of total aggregated DL/UL bandwidth. This implies that the supported baseband processing combination is common to the band combinations for which the number of DL/UL CCs or the total aggregated DL/UL bandwidth is the same. Due to this principle, explicit linkage between the baseband processing combination and the supported band combination (e.g. by index) is not necessary. There was another comment that the baseband processing combination should support the concept of fallback similar to Rel-14 LTE, which requires further discussion and clarification.
2.3. Solution Applicability to LTE

The ASN.1 examples in sub-clause 2.1/2.2 are assumed that UE capability signaling can be implemented from scratch. If Solution 1 or 2 is applied for LTE, one intuitive idea is to implement the solution as critical extension. However, careful check is required how it can be done on top of the existing UE capability structure and capability retrieval mechanisms, e.g. skipping fallback band combinations, etc. Companies are invited to provide their views whether Solution 1 or 2 should be applied for LTE.
	Company name
	Applicability to LTE (Yes/No)
	Comment to ASN.1 implementation on Solution 3

	Samsung
	For LTE part of EN BCs
	· 
We think the problem/ solution in principle equally applies for LTE. However, it means we end up with yet another UE capability format so we have to consider backwards compatibility i.e. legacy nodes not understanding this format. This means that in heterogeneous networks (i.e. not all having same format support), nodes would either have to forward multiple formats or retrieve more frequently

· 
This backwards compatibility issue does not really apply for EN BCs i.e. BCs including LTE and NR bands. So it would seem easy to use the new approach for such BCs. Re-using it for the LTE part of EN BC would also facilitate capability coordination

· 
Re-using this mechanism for the LTE part of EN BCs facilitates using an index in the signaling between MN and SN i.e. linking the LTE and NR BPCs supported together. If the mechanism is not used for the LTE part of EN BCs, it is however still seems possible to use an index but it would then link LTE BCs and NR BPCs

	Ericsson
	Yes, at least for EN-DC band combinations 
	Similarly as Samsung explained, we see benefits of applying the same principles for the LTE part of the EN-DC band combination signaling. Avoiding fallback- and duplicate band combinations is certainly desirable. And it may ease the capability negotiation between Master and Secondary node. 
Applying it to LTE-only band combinations could be discussed but it would not be supported by legacy LTE eNBs. The UE would anyway have to provide the legacy BC signaling to those legacy eNBs. But we are open for further discussions, too. 

	Qualcomm Incorporated
	Supportive for EN-DC case
	· Share the view from Samsung and Ericsson on the benefit of new approach in case of EN-DC. Probably the problem is that RAN4 needs to go through the same exercise for LTE to identity appropriate signalling solution.

· If this is not possible we have to fallback to the existing UE capability signalling in LTE for the capability coordination. Then the LTE UE capability has to signal different baseband capabilities for EN-DC cases, hence some LTE CA band combinations will have to be repeated.

	Intel 
	Yes
	The same structure can be applicable for LTE and it will be also helpful to reduce signaling overhead especially FD-MIMO. We proposed the same proposal to LTE to reduce signaling overhead of FD-MIMO capability signaling from RAN2 #96 (Nov 2017) receiving feedback from RAN1/RAN4 on baseband capabilities based on LTE. Since LTE has also signaling overhead concern, we should introduce the same mechanism for LTE as well at least for Rel-13/14 FD-MIMO and other new features (e.g. MUST). 


	Huawei,HiSilicon
	Yes, at least for EN-DC
	Share the same view with the above companies

	Nokia
	Yes (extract LTE part of EN-BCs) 
	We agree that the principle is also applied towards the LTE in the same manner agreed for NR, at least for the BCs relevant to MR-DC. This may ease the capability coordination signalling.

	CATT
	For EN-DC case
	Since the EN-DC capability format is new design and there is no backward compatible issue, it would be good to adopt the same design in LTE side as in NR, which would be helpful to have a clear and unified principle for the EN-DC capability design for both NR and LTE.  



	NTT DOCOMO
	Yes for LTE part of EN-DC
	Agree on the company views expressed here.


If the majority is of positive opinion, TP to LTE is to be developed discussed for further until the tdoc submission deadline.
[Rapporteur’s summary]

All companies were of opinion that the concept of baseband processing combination (Solution 1 or 3) should be applied for the LTE part of EN-DC. 
3. Summary and proposal
In accordance with the rapporteur summary provided in this paper, the followings are proposed as the outcome of this email discussion:
Common to all potential solutions:
Proposal 1:
The UE reports the MIMO capability, which stems from the baseband characteristics, as a baseband capability.
Proposal 2:
In addition, the UE can report the number of MIMO layers per CC, which stems from the RF characteristics is included, per a single frequency band (i.e. non-CA case).

Proposal 3:
For a certain band combination, if the supported MIMO capability is different from the one for the baseband and single frequency band, the UE can report the different MIMO capability per CC in the band combination signalling.
Proposal 4:
The above bullets (1 to 3) are applicable to the other baseband capabilities which also stem from the RF characteristics, if any.
Proposal 5:
The concept of baseband capability combination is applied at least for the LTE part of EN-DC.
Open issues to be discussed for further:

Issue 1:
How is the MIMO capability signaled as a baseband capability?

Option 1:
The total number of MIMO layers within a given bandwidth (e.g. CA BW class) is reported per bandwidth (i.e. BW class).
Option 2:
For a given bandwidth, the maximum number of MIMO layer is reported per CC (Example 1 in [1]).
Option 3:
The total number of MIMO layers is reported per RAT (i.e. across the while aggregated bandwidth, Example 2 in [1]).
Issue 2:
Continue to develop ASN.1 structure for the chosen option and the LTE part of baseband processing combination for EN-DC.
Specific to Option 1/2:
Proposal 6:
For a pair of DL/UL CCs or total aggregated DL/UL bandwidth, the UE reports one supported baseband processing combination.

Proposal 6a:
The UE can report the baseband processing combination supported for a single carrier case, which is applicable to single carrier operation for all supported frequency bands by default, unless reported differently in the single frequency band capability (for RF characteristics).
Proposal 7:
The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS.
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