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1
Introduction
Rel-12 introduced more flexibility for UE to indicate CSI/MIMO/4-layer TM3/4 capabilities for intra-band contiguous CCs in R2-153974. In this contribution, we discuss whether further clarifications are needed to ensure it is clear how UEs should utilize those capability indications.

2
Capabilities for intra-band contiguous CCs
2.1
Comparison of Rel-10 and Rel-12 CC-specific capabilities
We compare the differences between Rel-10 RRC IEs and Rel-12 RRC IEs for the CC-specific capabilities for 4-layer TM3/4. 
The original Rel-10 band combination capabilities are in black text, the additions to Rel-10 capabilities are in green text, and the Rel-12 capabilities have been indicated with red text. Highlighting has also been used to spotlight optionality of certain fields. Note that only relevant fields are included, with omissions of non-essential ASN.1 elements indicated by tag “<omitted>”.

UE-EUTRA-Capability-v1020-IEs ::=
SEQUENCE {


<omitted>
rf-Parameters-v1020




RF-Parameters-v1020





OPTIONAL,


<omitted>
}

UE-EUTRA-Capability-v10i0-IEs ::=
SEQUENCE {


rf-Parameters-v10i0




RF-Parameters-v10i0





OPTIONAL,

<omitted>
}

UE-EUTRA-Capability-v1270-IEs ::= SEQUENCE {


rf-Parameters-v1270




RF-Parameters-v1270





OPTIONAL,


<omitted>
}

RF-Parameters-v1020 ::=



SEQUENCE {


supportedBandCombination-r10


SupportedBandCombination-r10

}

RF-Parameters-v10i0 ::=




SEQUENCE {


supportedBandCombination-v10i0


SupportedBandCombination-v10i0


OPTIONAL
}

RF-Parameters-v1270 ::=



SEQUENCE {


supportedBandCombination-v1270


SupportedBandCombination-v1270


OPTIONAL,


<omitted>
}

SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 

SupportedBandCombination-v10i0 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v10i0
SupportedBandCombination-v1270 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v1270

BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r10

BandCombinationParameters-v10i0::= SEQUENCE {

bandParameterList-v10i0


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-v10i0
OPTIONAL
}

BandCombinationParameters-v1270 ::= SEQUENCE {


bandParameterList-v1270


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 




BandParameters-v1270

OPTIONAL
}

BandParameters-r10 ::= SEQUENCE {


bandEUTRA-r10



FreqBandIndicator,


bandParametersUL-r10


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r10


BandParametersDL-r10




OPTIONAL
}

BandParametersDL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r10
BandParameters-v10i0::= SEQUENCE {

bandParametersDL-v10i0

SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-v10i0
}
BandParameters-v1270 ::= SEQUENCE {


bandParametersDL-v1270


SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-v1270

}

CA-MIMO-ParametersDL-r10 ::= SEQUENCE {


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL
}
CA-MIMO-ParametersDL-v10i0 ::= SEQUENCE {


fourLayerTM3-TM4-r10



ENUMERATED {supported}



OPTIONAL
}

CA-MIMO-ParametersDL-v1270 ::= SEQUENCE {


intraBandContiguousCC-InfoList-r12


SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12

}

IntraBandContiguousCC-Info-r12 ::= SEQUENCE {


fourLayerTM3-TM4-perCC-r12


ENUMERATED {supported}



OPTIONAL,


supportedMIMO-CapabilityDL-r12

MIMO-CapabilityDL-r10



OPTIONAL,


supportedCSI-Proc-r12



ENUMERATED {n1, n3, n4}



OPTIONAL
}

The per-CC indications also have a rather lengthy field description to explain how they are expected to be used – see below with some highlighting that will be used later in the contribution to showcase some points.

	intraBandContiguousCC-InfoList
Indicates, per serving carrier of which the corresponding bandwidth class includes multiple serving carriers (i.e. bandwidth class B, C, D and so on), the maximum number of supported layers for spatial multiplexing in DL and the maximum number of CSI processes supported. The number of entries is equal to the number of component carriers in the corresponding bandwidth class. The UE shall support the setting indicated in each entry of the list regardless of the order of entries in the list. The UE shall include the field only if it supports 4-layer spatial multiplexing in transmission mode3/4 for a subset of component carriers in the corresponding bandwidth class, or if the maximum number of supported layers for at least one component carrier is higher than supportedMIMO-CapabilityDL-r10 in the corresponding bandwidth class, or if the number of CSI processes for at least one component carrier is higher than supportedCSI-Proc-r11 in the corresponding band.

	SupportedBandCombinationExt, SupportedBandCombination-v1090, SupportedBandCombination-v10i0, SupportedBandCombination-v1130, SupportedBandCombination-v1250, SupportedBandCombination-v1270
If included, the UE shall include the same number of entries, and listed in the same order, as in supportedBandCombination-r10.


Based on these, we make the following interpretations on how the UEs are expected to fill their capabilities for the above:

· The Rel-12 uppermost extension levels (i.e. rf-Parameters-v1270 or supportedBandCombination-v1270) can always be omitted. If the extension(s) are not there, naturally no rules about the same number of entries have to be followed (i.e. the omission means UE just doesn’t support these Rel-12 extensions for any band combination that it supports). 

· Even if the field supportedBandCombination-v1270 is present, then it can still be that bandParameterList-v1270 is omitted for some band combinations. That means that for that particular band combination, these Rel-12 extensions are not supported (e.g. when the band combination has no intra-band contiguous components (i.e. no band entries with BW class higher than A) OR the contiguous entries do not support anything different from Rel-10-indicated band combination capabilities)

· UE shall include the IE BandCombinationParameters-v1270 for all supported band combinations if it has any extra capabilities for even one band combination – for those band combinations that have no extra information, the optional field bandParameterList-v1270 will just be empty.

· There can be variable number of entries inside bandParameterList-v1270, (from 1 to maxSimultaneousBands-r10) so that UE might only include bandParametersDL-v1270 for the first N band(width class) entries in the band combination, and omit the rest.
· When included, the order of entries inside bandParametersDL-v1270 should follow the entries in bandParametersDL-r10 since only bandParametersDL-r10 contains the CA BW class for the entry (within field ca-BandwidthClassDL-r10), the field bandParametersDL-v1270 (contains intraBandContiguousCC-InfoList-r12) should strictly match the order of entries in bandParametersDL-r10 (contains the corresponding bandwidth class.)
· However, it is not noted anywhere whether there shall always be the same amount of entries in the v1270 as in r10 field.

· If the bandParameterList-v1270 is present, then there has to be information related to at least one of the band entries, even though the components of IntraBandContiguousCC-Info-r12 are all optional (i.e. for at least one band entry, one of the entries has to be present).

· Within CA-MIMO-ParametersDL-v1270, the field intraBandContiguousCC-InfoList-r12 is mandatory. This means it cannot be omitted without omitting the upper level field, i.e. the entire entry of bandParametersDL-v1270.  
· This is only allowed if none of the band(width class) entries in the band combination contains intraBandContiguousCC-InfoList-r12  However, if a first band entry in the band combination would have no intraBandContiguousCC-InfoList-r12 while a second entry has, UE still has to include field bandParameterList-v1270 for that entry, but its contents will only indicate lack of support for e-g. 4-layer TM3/4. 

To summarize the previous points: The rules for when to include the intra-band contiguous band combination – specific parameters are rather complex. Therefore, we try to tackle them via four examples shown in the following chapter-

3
Examples of capability signalling for intra-band contiguous CCs

3.1
Example 1: CA_1C_41D, 4-layer support for one CC in 1C and one CC in 41D
In this example, consider a CA band combination according to CA_1C_41D, i.e. inter-band CA over bands 1 & 41, with 2 contiguous CCs on band 1 and 3 contiguous CCs on band 41. Assume the UE supports 4-layer TM3/4 for one of the CCs band 1, but not for the other CC in 1C. Assume also that UE supports 4-layer TM3/4 for only of one CCs over 41D as well.  

Then, we think the UE should indicate this as follows (The details of the signalling for this are depicted in Annex A for reference):
· For both 1C and 41D: UE would indicate the support for 4-layer TM3/4 for one of the CC-entries via the perCC-list, and include empty entry for the other. Since the order does not matter (see text highlighted in green in the field description shown in section 2.1), this could be either one of the entries.

· UE shall not include the perBWClass-specific entry since it does not support 4-layer TM3/4 over all CCs for either 1C or 41D.

Observation 1: There is only one possible way to signal the parameters in Example 1.
3.2
Example 2: CA_1C_41D, 4-layer support for one CC in 1C 
In this example, consider a CA band combination according to CA_1C_41D, i.e. inter-band CA over bands 1 & 41, with 2 contiguous CCs on band 1 and 3 contiguous CCs on band 41. Assume the UE supports 4-layer TM3/4 for one of the CCs band 1, but not for the other CC in 1C. Assume also that UE does not support 4-layer TM3/4 for any CCs over 41D.  

Then, we think the UE should indicate this as follows (The details of the signalling for these are depicted in Annex B for reference):

· Since neither 1C nor 41D support 4-layer operation over all CCs, the perBWClass-specific indication shall not be included in either entry.

· For one of the CC-entries in 1C, UE would indicate the support for 4-layer TM3/4, and include empty entry for the other. Since the order does not matter (see text highlighted in green in the field description shown in section 2.1), this could be either one of the entries.

· Since the 41D doesn’t support 4-layer TM3/4, there are two alternative ways to signal this:

1) Include a perCC-list with empty entries (Alt.1) 

2) Omit the whole perCC-list of the parameters (Alt.2)
Based on the text highlighted in blue in section 2.1, our interpretation is that Alt2 (i.e. omitting whole perCC-list) is the correct interpretation. 

Observation 2: Based on the field description of intraBandContiguousCC-InfoList-r12, Alt.2 in Example 2 is the correct interpretation.
3.3
Example 3: CA_1C_41D, 4-layer support for all CCs in 1C 
In this example, consider a CA band combination according to CA_1C_41D, i.e. inter-band CA over bands 1 & 41, with 2 contiguous CCs on band 1 and 3 contiguous CCs on band 41. Assume the UE supports 4-layer TM3/4 for all CCs band 1, but not for any CC over band 41. Then, we think the UE should indicate this as follows:

· For each CC-entry in 1C, UE would indicate the support for 4-layer TM3/4 – this could be done via either the BW-class-specific indicator (field fourLayerTM3-TM4-r10), or via the CC-specific elements (field fourLayerTM3-TM4-perCC-r12)
· Hence, there seems to be three alternatives for the signalling: 

1) UE only indicates the per-BW class-specific indicator but not the perCC-indications

2) UE only indicates the perCC-indications but not the per-BW class-specific indicator

3) UE indicates both the per-BW class-specific indication and per-CC indications
Further, there is another question: Since the band combination 41D does not support the 4-layer TM3/4, it will naturally not include the per-BW-Class-specific parameter. However, it would still be allowed to input an empty list for the perCC-specific parameters, and it is not clear whether this is allowed. Hence, we have the following sub-options for alt2 and alt3:

a) UE includes empty perCC-list even when it doesn’t support 4-layer TM/4 for the BW class entry 
b) UE does not include empty perCC-list when it doesn’t support 4-layer TM/4 for the BW class entry

Hence, we are left with signalling alternatives 1), 2a), 2b), 3a) and 3b), the details of which are depicted in Annex C for reference. In our understanding, at least Alt.1 is allowed by the existing text, Alt.2a and Alt.2b are not, and whther Alt.3a and Alt.3b are allowed is unclear. 

· For Alt.2a and Alt.2b, UE would not indicate the per-BW-class indicator even though it supports 4-layer TM3/4 over all CCs, which seems like a contradicting to the text highlighted in blue in the field description of intraBandContiguousCC-InfoList. 

· For Alt.3a and Alt.3b, the question is whether 1) UE is allowed to indicate both perCC and per-BW-class indications at the same time and 2) UE has to indicate the same amount of entries in the perCC-list as it has band entries. We think this is not currently clear from the specifications. Therefore, we propose to clarify this in RAN2 specifications.
Observation 3: At least Alt1 is allowed for Example 3.
Observation 4: Alt.2a and Alt.2b are not allowed for Example 3.
Observation 5: It is not clear whether Alt.3a and Alt.3b are allowed for Example 3 according to current RRC specification.

Proposal 1: RAN2 to discuss whether only the alternative 1 is allowed, and whether clarifications are needed to ensure this is clear in the RRC specification.
3.4
Example 4: CA_1C_4D_41C, 4-layer support for all CCs in 1C and for one CC in 41C
In this example, consider a CA band combination according to CA_1C_4E_41D, i.e. inter-band CA over bands 1, 4 and 41, with 2 contiguous CCs on band 1 & 41 and 3 contiguous CCs on band 4. Assume the UE supports 4-layer TM3/4 for all CCs in band 1, for no CCs over band 4, and for one CC in band 41. Then, we think the UE should indicate this as follows (The details of the signalling for these are depicted in Annex D for reference):

· For band 1, UE would only need to indicate the per-BW-class indication. However, since UE needs to indicate the perCC-indications for band 41, it needs to indicate empty list also for band 1.
· For the first CC-entry in 41C, UE would indicate the support for 4-layer TM3/4 as in Example 1 
· Since the UE has to indicate the parameters in the same order as in the band combination, the 4D parameters could be second in the list in bandParameterList-v1270. Therefore, the UE has to indicate an entry for the 4D, and since 4-layer MIMO is not supported for any CC, it has no alternative but to include an empty perCC-list.
Observation 6: UE might include an empty perCC-list in capability signalling in some cases (e.g. as in Example 4.)

4
Conclusions
We have discussed the signalling of the perCC-specific capabilities for intra-band contiguous band combinations via three separate examples. Based on these, we have observed the following:

Observation 1: There is only one possible way to signal the parameters in Example 1.

Observation 2: Based on the field description of intraBandContiguousCC-InfoList-r12, Alt.2 in Example 2 is the correct interpretation.
Observation 3: At least Alt1 is allowed for Example 3.

Observation 4: Alt.2a, Alt.2b and Alt.3a are not allowed for Example 3.
Observation 5: It is not clear whether Alt.3a and Alt.3b are allowed for Example 3 according to current RRC specification.

Observation 6: UE shall include an empty perCC-list in capability signalling for Example 4.

Based on these, we propose the following:

Proposal 1: RAN2 to discuss whether only the alternative 1 is allowed, and whether clarifications are needed to ensure this is clear in the RRC specification.

Proposal 2: RAN2 to discuss how to clarify specifications so that it is clear how the perCC-specific capabilities are signalled.
Annex A: Signalling alternatives in Example 1: CA_1C_41D, 4-layer support for one CC in 1C and one CC in 41D
The signalling alternatives in Example 1 are shown below for comparison.

· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { empty } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { empty } 

· Entry3 { (empty) }

} -- End of perCC-list

}

-- End of Parameters

}
-- End of Entry2

}
-- End of Band combination

Annex B: Signalling alternatives in Example 2: CA_1C_41D, 4-layer support for one CC in 1C
The signalling alternatives in Example 2 are shown below for comparison.

Alternative 1 (empty perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { empty } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

· Parameters {

· perCC-list {

· Entry1 { (empty) }

· Entry2 { (empty) }

· Entry3 { (empty) }

} -- End of perCC-list

}

-- End of Parameters

}
-- End of Entry2

}
-- End of Band combination

Alternative 2 (no perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { empty } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

}
-- End of Entry2

}
-- End of Band combination

Annex C: Signalling alternatives in Example 3: CA_1C_41D, 4-layer support for all CCs in 1C
The signalling alternatives in Example 3 are shown below for comparison.

Alternative 1 (perBWClass only, no perCC-list in either)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· fourLayerTM3-TM4-r10: supported
}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

}
-- End of Entry2

}
-- End of Band combination

Alternative 2a (perCC-list only in 1C indications, empty perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { fourLayerTM3-TM4-perCC-r12: supported } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

· Parameters {

· perCC-list {

· Entry1 { (empty) }

· Entry2 { (empty) }

· Entry3 { (empty) }

} -- End of perCC-list

}

-- End of Parameters

}
-- End of Entry2

}
-- End of Band combination

Alternative 2b (perCC-list only in 1C indications but no perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { fourLayerTM3-TM4-perCC-r12: supported } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

}
-- End of Entry2

}
-- End of Band combination

Alternative 3a (both perCC and perBWClass in 1C indications, empty perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· fourLayerTM3-TM4-r10: supported
· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { fourLayerTM3-TM4-perCC-r12: supported } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

· Parameters {

· perCC-list {

· Entry1 { (empty) }

· Entry2 { (empty) }

· Entry3 { (empty) }

} -- End of perCC-list

}

-- End of Parameters

}
-- End of Entry2

}
-- End of Band combination

Alternative 3b (both perCC and perBWClass in 1C indications but no perCC-list in 41D-entry)
· CA_1C_41D_BandCombination {

· Entry1 {

-- Start the 1C entry

· Band: 1

· BW class: C

· fourLayerTM3-TM4-r10: supported
· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { fourLayerTM3-TM4-perCC-r12: supported } 

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 1

· Entry2 {

-- Start the 41D entry

· Band: 41

· BW class: D

}
-- End of Entry2

}
-- End of Band combination
Annex D: Signalling alternatives in Example 4: CA_1C_4D_41C, 4-layer support for all CCs in 1C and for one CC in 41C 
The signalling alternatives in Example 3 are shown below for comparison.

Alternative 1 (perBWClass only, no perCC-list in either)
· CA_1C_4D_41C_BandCombination {

· Entry1 {

-- Start the 1C entry – all CCs support 4-layer TM3/4
· Band: 1

· BW class: C

· fourLayerTM3-TM4-r10: supported
· Parameters {

· perCC-list {

· Entry1 { (empty) }

· Entry2 { (empty) }

· Entry3 { (empty) }

}
-- End of perCC-list

} 
-- End of Parameters
}
-- End of Entry 1

· Entry2 {

-- Start the 4D entry – no support for 4-layer TM3/4
· Band: 4

· BW class: D

· Parameters {

· perCC-list {

· Entry1 { (empty) }

· Entry2 { (empty) }

· Entry3 { (empty) }

}
-- End of perCC-list

} 
-- End of Parameters

}
-- End of Entry 2
· Entry3 {

-- Start the 41C entry – only one CC supports 4-layer TM3/4
· Band: 41

· BW class: C

· Parameters {

· perCC-list {

· Entry1 { fourLayerTM3-TM4-perCC-r12: supported }

· Entry2 { (empty) }

· Entry3 { (empty) }

}
-- End of perCC-list

} 
-- End of Parameters
}
-- End of Entry3
}
-- End of Band combination
