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1 Introduction
In RAN WG1 Meeting #77 [1], it was agreed that:

· For both rate matching and soft channel bits storage in dual connectivity, the mechanism defined for CA is reused.
In email discussion [77-17], further agreements were made regarding (1).
“Maximum number of DL-SCH transport block bits received within a TTI” and 
“Maximum number of UL-SCH transport block bits transmitted within a TTI” [6].
This contribution discusses remaining UE capabilities relevant to dual-connectivity: 

· “supportedMIMO-CapabilityUL-r10”, “supportedMIMO-CapabilityDL-r10”, 

· “supportedBandCombination”.
2 Discussion

In RAN2#85bis, the following agreements were made [1]:

	Agreements
1
For “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of UL-SCH transport block bits transmitted within a TTI ” the MeNB splits these UE capability restrictions between itself and the SeNB. 

2
For all other capabilities (e.g. “Total number of DL-SCH soft channel bits”, “maxNumberROHC-ContextSessions”, “supportedMIMO-CapabilityUL-r10”, “supportedMIMO-CapabilityDL-r10”, “supportedBandCombination”) the MeNB provides the MCG configuration and the complete UE capabilities to the SeNB. MeNB and SeNB comprehend the configuration of each other, and use the left-over capability according to each other’s configuration and the UE maximum capabilities.




In RAN2#86, the following agreements were made with regard to UE Capability Negotiation [3]:

	Agreements
1
The Inter-eNB RRC message provided by the MeNB at an MeNB triggered SCG modification, will also contain the following parameters to be used by the SeNB:


1) Maximum number of DL-SCH transport block bits received within a TTI” and 


2) Maximum number of UL-SCH transport block bits transmitted within a TTI

2
For the coordination of the other capabilities no additional signalling (apart from the MeNB signalling the targeted MCG configuration to the SeNB, and the SeNB signalling the targeted SCG configuration to the SeNB) will be specified. (unless we identify other parameters that require similar handling as those defined in bullet 1)

3 
For these capabilities the following principles apply:


1) MeNB is allowed to send a targeted RRC MCG configuration to the SeNB that exceeds the UE capabilities in combination with the current SCG configuration


In this case the SeNB shall respond with an RRC reconfiguration message containing an updated RRC SCG configuration that, together with the received targeted MCG configuration, stays within UE capability limits.


2) The SeNB is not allowed to send a targeted RRC SCG configuration to the MeNB that exceeds the UE capabilities in combination with the latest MCG configuration that it received from the MeNB




As mentioned in the agreements above, two RF parameters independent of the field ue-Category are:
· MIMO: “supportedMIMO-CapabilityUL-r10”, “supportedMIMO-CapabilityDL-r10”;
· Band Combination: “supportedBandCombination”.

As defined in TS 36.331 (see Annex), the UL and DL MIMO capabilities (“MIMO-CapabilityUL”, “MIMO-CapabilityDL” ) is each paired with the “CA-BandwidthClass”. It is expected that the carrier aggregation definition, such as Bandwidth Class and Bandwidth Combination, will be carried over to dual-connectivity.

The CA configuration for intra-band contiguous CA,  inter-band CA, intra-band non-contiguous CA, can be extended to dual-connectivity below.
1. For intra-band contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting a carrier aggregation bandwidth class. For example, for CA configuration CA_1C, two component carriers (CCs) reside in band 1 with bandwidth class ‘C’ (i.e., Aggregated Transmission Bandwidth Configuration 100 < NRB,agg ≤ 200). Therefore both component carriers share the same MIMO capability (“MIMO-CapabilityUL”,  “MIMO-CapabilityDL”) to all carriers in the bandwidth class. 
a. For dual-connectivity, the two component carriers belong to two eNBs, respectively, and the UE applies the same MIMO capability towards MeNB and SeNB, regardless of how each CC is assigned to the eNBs. For more than two CCs, since there is only one CA bandwidth class, the UE still indicates a single MIMO capability, which is applied towards all CCs. This is illustrated in Figure 1. 
2. For inter-band carrier aggregation, a carrier aggregation configuration is a combination of operating bands, each supporting a carrier aggregation bandwidth class. For example, for CA configuration CA_1A-5A, one component carrier resides in band 1 with bandwidth class ‘A’, the other component carrier resides in band 5 with bandwidth class ‘A’. Each component carrier has its own MIMO capability indicator. Thus the two component carriers can have different number of supported MIMO layers, for example, CC of 1A has 2 DL MIMO layers while CC of 5A has 4 DL MIMO layers. 
a. For dual-connectivity operating with a band combination of two CCs, the two CCs are mapped two eNBs. Thus depending on which CC is mapped to which eNB, the associated MIMO capability is applied automatically. In the example of CA_1A-5A above, if CC of 1A is assigned to MeNB, and CC of 5A is assigned to SeNB, then the supported DL MIMO capability is 2 layers towards MeNB and 4 layers towards SeNB. The same is true for UL MIMO capability.
b. For dual-connectivity operating with a band combination of more than two CCs, there are more configuration variations. One example of CA_1C-5C is illustrated in Figure 2 (Note that CA_1C-5C is currently not a specified CA configuration; it is simply used to illustrate the dual-connectivity operation). The first band, band 1, has two CCs (CC1 and CC2) of bandwidth class C, with the associated DL MIMO capability of 4 layers. The second band, band 5, has two CCs (CC3 and CC4) of bandwidth class C, with the associated DL MIMO capability of 2 layers. If {CC3, CC4} are assigned to MeNB, then the UE will supported DL MIMO of {2, 2} layers on the associated CCs, while {CC1, CC2} are assigned to SeNB and the UE supports {4, 4} DL MIMO layers. In Figure 3, it is illustrated that MeNB-SeNB can reconfigure the component carriers and assign {CC3, CC4, CC1} to MeNB and {CC2} to SeNB. The reconfiguration is realized by removing CC1 from SeNB and adding CC1 to MeNB.
3. For intra-band non-contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting multiple CA bandwidth classes. For example, for CA configuration CA_3A-3A, both component carriers reside in band 3, with two individually defined bandwidth classes (although they are the same, ‘A’, in this example). The bandwidth classes of the non-contiguous CCs can be potentially different. Thus the MIMO capability definition of intra-band non-contiguous CA is similar to inter-band CA in that each bandwidth class is associated with its own MIMO capability. Thus it is possible that for in a non-contiguous intra-band band combination, UE indicates different MIMO capabilities for two bandwidth classes in the same band. 

a. For dual-connectivity, the intra-band non-contiguous CA is similar to inter-band CA in terms of supported MIMO layers. One example of CA_3C-3C is illustrated in Figure 4. Note that CA_3C-3C is currently not a specified CA configuration; it is simply used to illustrate the dual-connectivity operation. As illustrated, {CC1, CC2, CC3} are assigned to MeNB, and the UE is able to support DL MIMO of {2, 2, 4} layers, respectively. {CC4} is assigned to SeNB and the UE is able to support DL MIMO of 4 layers on CC4. 
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Figure 1. Example of intra-band contiguous configuration.
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Figure 2. Example of inter-band configuration.
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Figure 3. Example of inter-band configuration after capability negotiation.
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Figure 4. Example of intra-band non-contiguous configuration.
As discussed, the supported MIMO layers of each carrier is paired with the bandwidth class of a band in a band combination, and not adjustable independently. 
While it is not clear how RAN4 will define the component carrier configuration, it is reasonable to assume that CC configuration for dual-connectivity will be similar to that of CA. The component carriers in a band combination are share between MeNB and SeNB. Then “supportedMIMO-CapabilityUL-r10” and “supportedMIMO-CapabilityDL-r10” are automatically connected with the bandwidth class of the  component carriers that are assigned to MeNB and SeNB, respectively. 
Proposal: 
· With the above understanding we do not see any remaining issue with the UE capability.
3 Conclusions

In this contribution, remaining UE capability issues in dual-connectivity are discussed. Based on the discussion, we have the following proposal:
Proposal: 
· With the above understanding we do not see any remaining issue with the UE capability.
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5 Appendix

The relevant definition of band combination parameters is extracted from TS 36.331 v12.0.0 and shown below.
UE-EUTRA-Capability information element
RF-Parameters-v1020 ::=



SEQUENCE {


supportedBandCombination-r10


SupportedBandCombination-r10

}

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

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

BandParameters-r10 ::= SEQUENCE {


bandEUTRA-r10




FreqBandIndicator,


bandParametersUL-r10


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r10


BandParametersDL-r10




OPTIONAL

}

BandParametersUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersUL-r10

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


ca-BandwidthClassUL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10



OPTIONAL

}

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

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


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL

}

CA-BandwidthClass-r10 ::= ENUMERATED {a, b, c, d, e, f, ...}

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

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