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1 Introduction

This document discusses the CA and MIMO capability signaling based on the LS from RAN1 (R1-105095) and RAN4 (R4-105010). The intentions from RAN1 and RAN4 regarding the capability signaling are clarified. It is important that the signaling supports any future additions of new CA scenarios (band combination, supported number of CC/bandwidth) in a release independent manner. In Rel-10 the inter band CA is not supported on UL. However the signaling should not preclude the support of inter band CA on UL in later releases. Also the signaling should be prepared for intra band non-contiguous CA beyond the Rel-10 time frame. 
2 Discussion
2.1 Recap of RAN1 and RAN4 LSes
From the LS in R1-105095, the RAN1 intentions for the UE capability signalling in Rel-10 can be summarized below: 
· The UE can indicate the existing UE category 1 to 5 and optionally it can signal the CA and MIMO capabilities.
· The UE can indicate the new UE category 6 to 8 complemented by the CA and MIMO capabilities.
· The CA capability and MIMO capability should be signaled separately.
· For UEs capable of CA, CA capability (bandwidth, number of CCs, band combinations) should be signaled separately from the UE category. 

· Separate CA capabilities should be defined for UL and DL. 
· For CA, the signaling range defined in RAN2 should cover the whole range of carriers supported in the RAN1 specifications. It means the support up to 5 CCs CA.
· For MIMO, the signaling range defined in RAN2 should cover the whole range of layers supported in the RAN1 specifications, i.e. support 2/4/8 layers on DL and 2/4 layers on UL.
· A Rel-10 UE will signal a Rel-8/9 UE category (UE cat 1-5) and, if supported, a Rel-10 UE category (UE cat 6-8).
As indicated in LS R4-105010, RAN4 reached the following conclusions regarding the CA and MIMO capability signalling:
1. DL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 
2. For non CA bands, or for scenarios where there is only one CC on a frequency band, DL MIMO layer capability per frequency band should also be explicitly signalled.

It seems to imply that the MIMO capability can be signalled in the band specific manner when CA is not supported on a frequency band. For CA supported bands, the MIMO capability is signalled together with the CA capability. However the LS also explicitly mention the scenario where there is only one CC on a frequency band. In our understanding this case should be considered as inter band CA with the CA bandwidth class, e.g. class A from the RAN4 definition of CA bandwidth class as below.

Table 1 CA bandwidth classes (See Table 5.6A-3 in TR 36.807)

	CA bandwidth class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


3. UL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 
4. For non CA bands, or for scenarios where there is only one CC on frequency band, UL MIMO layer capability per frequency band should also be explicitly signalled.

This indicates that the CA and MIMO capability are signalled for UL and DL separately. And the UL CA and MIMO capability is signalled exactly the same as for DL.  
5. UE, which supports CA bandwidth class C, does not always support lower CA BW class, i.e. it should be separately signalled if UE support CA bandwidth class B in addition to CA bandwidth class C.

· For CA bandwidth class D/ E/ F, it is FFS.
This means if the UE supports multiple CA classes, the UE should signal them separately. The UE should not only signal class C to imply it also supports class B. According to the bandwidth class definition in RAN4, both B and C mean the UE can support 2 CCs but for different bandwidths. 
6. Support for Uplink 64QAM in Category 7 should be “No.” 

7. Supported channel bandwidth should be restricted by the RAN4 specifications, i.e. the supported channel bandwidth should be a hard coded subset of all the channel bandwidth options, so that testing efforts could be minimised. 

· Additional channel bandwidth options in future deployments could be introduced using an extension for a new information element. The additional channel bandwidth options should also be defined in the RAN4 specifications. 
It seems RAN4 will specify the possible bandwidth combinations for CA (depending on the frequency band). If in the future there is a need to support additional bandwidth, an indicator will be added. But there is no need to prepare the signalling for this indicator now.
8. The following abbreviations are used:

· Intra-band contiguous CA : CA_X (e.g. CA_1C)

· Inter-band non-contiguous CA : CA_X-Y (e.g. CA_1A-5A)

· Intra-band non-contiguous CA: CA X-X (e.g. CA_1A-1A)
All 3 scenarios: intra band contiguous/non-contiguous and inter band CA for both UL and DL should be supported in the signaling even though in Rel-10 inter band CA is not supported on UL.
2.2 Signalling of CA and MIMO capabilities
From the signalling point of view, the CA and MIMO capabilities could be signalled independently. So for each supported band the UE can signal the maximum number of layers supported on UL and DL since RAN4 has agreed the MIMO capabilities should be signalled in a band specific manner. For one frequency band the MIMO capability could be different depending if the CA is configured or not. So the UE should be able to signal the MIMO capability separate from the CA capability and together with the CA capability for the CA band. When CA is supported on a frequency band, in our understanding the MIMO capability could be different when there is only one CC or more than one CC supported on the frequency band. In other words the MIMO capability can be depending on what the CA bandwidth class is supported on a CA band. In case of inter band CA, the UE should be able to signal the MIMO capability for each of aggregated bands. This seems aligned with the RAN4 intention that the MIMO capability is signalled per frequency band. The intra band non-contiguous CA case could be also considered as inter band CA if the distance between aggregated CCs is large. Thus similarly the UE should be able to signal the MIMO capability for each aggregated CC(s). This can be achieved by signalling in the same way as for inter band CA case but with the same band indicator.   
According to RAN4, the CA capability can be defined by the CA bandwidth class which jointly defines the number of PRBs and the number of CCs supported on a frequency band. RAN4 will specify the feasible bandwidth combination which is mainly depending on the aggregated frequency bands. In this way the test efforts can be limited to only the realistic bandwidth combinations. We think in the signalling it could be also good to only signal the possible CA bandwidth class defined by RAN4 in order to avoid a huge number of different combinations that may be resulted by a fully flexible signalling, e.g. signal the number of PRBs and the number of CCs independently. However the signalling should allow additional CA bandwidth classes to be supported by not limiting to only 6 classes (A to F).  
If we summarize what needs to be supported by the signalling for CA and MIMO capabilities as discussed above and based on the RAN1/4 LSes, one ASN.1 structure could be:

RF-Parameters-v10xy ::=



SEQUENCE {


mimo-Parameters-r10




MIMO-Parameters-r10






OPTIONAL,


ca-Parameters-r10




CA-Parameters-r10






OPTIONAL

}

MIMO-Parameters-r10
::=
SEQUENCE {


mimo-ParametersUL-r10
SEQUENCE ( SIZE (1..maxBands)) OF MIMO-CapabilityUL-r10

OPTIONAL,


mimo-ParametersDL-r10
SEQUENCE ( SIZE (1..maxBands)) OF MIMO-CapabilityDL-r10

OPTIONAL

}

MIMO-CapabilityUL-r10 ::= ENUMERATED {twoLayers, fourLayers}
MIMO-CapabilityDL-r10 ::= ENUMERATED {twoLayers, fourLayers, eightLayers}

CA-Parameters-r10 ::= SEQUENCE (SIZE (1..maxBandCombinations-r10)) OF CA-ParametersList-r10 

CA-ParametersList-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF CA-Info-r10

CA-Info-r10 ::=

SEQUENCE {


bandEUTRA-r10



INTEGER (1..64),


ca-InfoUL-r10



CA-InfoUL-r10








OPTIONAL,


ca-InfoDL-r10



CA-InfoDL-r10








OPTIONAL
}

CA-InfoUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-CapabilityUL-r10
CA-CapabilityUL-r10 ::= SEQUENCE {


ca-BandwidthClassUL-r10



ENUMERATED {a, b, c, d, e, f, ...},


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10




OPTIONAL

}  

CA-InfoDL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-CapabilityDL-r10
CA-CapabilityDL-r10 ::= SEQUENCE {


ca-BandwidthClassDL-r10



ENUMERATED {a, b, c, d, e, f, ...},


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10




OPTIONAL

}  

A rough example of the UE CA and MIMO capability that will be signaled by the structure above can be shown below: 
Supported bands and supported CA band combinations in a UE:

Supported band 
1


MIMO cap
3


MIMO cap
5


MIMO cap

7


MIMO cap

Inter band CA_1-3



band indicator 1


band indicator 3







CA class A+MIMO cap 

CA class A+MIMO cap







CA class x+MIMO
cap

CA class x’+MIMO cap







CA class y+MIMO cap

CA class y’+MIMO cap

Intra band contiguous CA_1

band indicator 1







CA class x+MIMO cap







CA class y+MIMO cap

Intra band non-contiguous CA_5-5
band indicator 5


band indicator 5







CA class A+MIMO cap 

CA class A+MIMO cap







CA class x+MIMO
cap

CA class x’+MIMO cap







CA class y+MIMO cap

CA class y’+MIMO cap

2.3 Alternative capability signalling
The signalling structure discussed in 2.2 can be seen as focusing on the functionalities, i.e. CA and MIMO represented by this high level structure:

RF-Parameters-v10xy ::=



SEQUENCE {


mimo-Parameters-r10




MIMO-Parameters-r10






OPTIONAL,


ca-Parameters-r10




CA-Parameters-r10






OPTIONAL

}
Then one alternative could be to look at the capabilities from the viewpoint of the frequency band or band combinations supported by the UE and to combine the signalling of CA and MIMO capabilities. This is feasible since the intra band contiguous CA with CA class A (only one CC on a frequency band) could be seen as the case of no CA. 
With the signalling structure in section 2.2, the MIMO capability for the case of intra band contiguous CA with CA class A (no carrier aggregation) is provided in the MIMO-Parameters-r10. The intention is therefore, not to signal it again as part of ca-Parameters-r10. However this is not precluded by the signalling. So the specification needs to specify that if signalled, the MIMO capability in ca-Parameters-R10 for intra band contiguous CA with CA class A overrides the MIMO capability signalled in mimo-Parameters-r10 for the same band. 

The alternative signalling (by combining the CA and MIMO capabilities signalling) would avoid such an ambiguity since the MIMO capability for all cases is only signalled in the ca-Parametrs-r10. The MIMO-Parameters-r10 IE shown in section ‎2.2 is therefore not needed here. The ASN.1 of the alternative signalling can be seen below:

RF-Parameters-v10xy ::=



SEQUENCE {


bandCombinationParameters-r10


BandCombinationParameters-r10


OPTIONAL

}

BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxBandCombinations-r10)) OF BandCombinationParametersList-r10 

BandCombinationParametersList-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandCombinationInfo-r10

BandCombinationInfo-r10 ::= SEQUENCE {


bandEUTRA-r10




INTEGER (1..64),


bandCombinationInfoUL-r10

BandCombinationInfoUL-r10




OPTIONAL,


bandCombinationInfoDL-r10

BandCombinationInfoDL-r10




OPTIONAL

}

BandCombinationInfoUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF BandCombinationCapabilityUL-r10

BandCombinationCapabilityUL-r10 ::= SEQUENCE {


ca-BandwidthClassUL-r10



ENUMERATED {a, b, c, d, e, f, ...},


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10




OPTIONAL

}  

BandCombinationInfoDL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF BandCombinationCapabilityDL-r10

BandCombinationCapabilityDL-r10 ::= SEQUENCE {


ca-BandwidthClassDL-r10



ENUMERATED {a, b, c, d, e, f, ...},


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10




OPTIONAL

}  

MIMO-CapabilityUL-r10 ::= ENUMERATED {twoLayers, fourLayers}

MIMO-CapabilityDL-r10 ::= ENUMERATED {twoLayers, fourLayers, eightLayers}

With this structure the example of UE CA and MIMO capabilities as discussed in 2.2 would be signalled like below: 
Supported band combinations in the UE:
Band Combination 1

band indicator 1






CA class A+MIMO cap → no CA






CA class x+MIMO cap → intra band contiguous CA





CA class y+MIMO cap → intra band contiguous CA
Band Combination 5-5

band indicator 5

band indicator 5
→ intra-band non-contiguous





CA class A+MIMO cap 
CA class A+MIMO cap






CA class x+MIMO cap
CA class x’+MIMO cap 





CA class y+MIMO cap
CA class y’+MIMO cap 
Band Combination 1-3

band indicator 1

band indicator 3
→ inter-band CA





CA class A+MIMO cap 
CA class A+MIMO cap






CA class x+MIMO cap
CA class x’+MIMO cap 





CA class y+MIMO cap
CA class y’+MIMO cap 

Band Combination 3

band indicator 3






CA class A+MIMO cap → no CA

Band Combination 5

band indicator 5






CA class A+MIMO cap → no CA

Band Combination 7

band indicator 7






CA class A+MIMO cap → no CA

3 Conclusion

Two alternative signalling structures for CA and MIMO capabilities have been discussed in the document. The two alternatives focus on different angles of the UE capabilities. 
With alternative 1, ambiguity with respect to the MIMO capability for a frequency band may occur if the UE signals the MIMO capability again for intra band contiguous CA with CA class A in ca-Parameters-r10. In general, with this approach the MIMO capabilities are spread two sub-structures. 
With alternative 2, the UE provides MIMO and CA capabilities in a common structure. In case of no CA, it signals the MIMO capabilities in the same way as for intra band contiguous CA and marks it as CA class A (no CA). 
We propose that RAN2 discusses these alternatives and decides on one structure.  
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