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1. Introduction
At RAN2#79bis, valid UE capability signalling combinations for the CA supported band combination was discussed based on [1]. RAN2 confirmed that the capability signalling without BandParametersUL for any supported Bands (#6 in Annex section) is not valid. RAN2 agreed to clarify in TS 36.306 that The UE also has to provide the supported CA bandwidth class and the corresponding MIMO capability for at least one uplink band in the band combination [2]. In addition, this paper attempts to clarify the interpretation of the CA supported band combination signalling for further aspects to avoid potential IOT issues in the CA deployment.
2. Discussion
The following scenarios are discussed in this paper:
Case#1: The number of DL CC aggregation capability is greater than that of UL.
In case of 2 inter-band CA combination discussed in [1], RAN2 at the #79bis meeting also confirmed that both capability signalling #8 and #14 are valid. That is why the clarification explained in the introduction was agreed. 
Furthermore, it would be beneficial to clarify which signalling patterns are required for UEs supporting 2DL CC and 1UL CC CA. According to our understanding by recalling the Rel-10 discussion, such the UE has to signal both #8 and #14. Otherwise, the eNB may interpret that only the cells served by the indicated band including BandParameterUL (namely, CA-BandwidthClass) can be configured as PCell. For instance in the Annex table, if the UE only indicates capability signalling #8, the eNB may consider that the cell of Band A can be PCell and the cell of Band B cannot be. 
This rule can also be applied for the case where UE support more than 2 UL CC CA. For instance, if the UE supports 3 inter-band CA combination and 3DL CC and 2UL CC CA, the UE has to signal CA-BandwidthClass for all possible UL band combinations. For instance, Band X+Y, Y+Z, X+Z. Otherwise, the eNB may interpret that UL CA cannot be configured for some part of UL band combinations. Taking the above into account, the following is proposed:
Proposal 1:
RAN2 is respectfully asked to confirm that for the case where the number of DL CC aggregation capability is greater than the one of UL, the UE needs to signal the CA-BandwidthClass parameter for all possible UL band combinations.
Case#2: The number of CC aggregation capability is the same for both UL and DL

In this case, a single capability signalling is sufficient, e.g., #16 for 2 inter-band CA combination in the Annex. The UE signal CA-BandwidthClass for all bands in a single capability signalling pattern. Further clarification that would be beneficial for the IOT purpose is that such the UE also supports all the possible configurations where the number of DL CCs is greater than that of UL. Even if the UE support the same number of aggregated CCs for both DL and UL, there would be use cases where the NW can decide not to configure all UL CCs. An example is to save the UE power consumption. Another example is to avoid interference between bands caused inside the UE as illustrated in Fig.1. The issue exists in some of CA band combinations, which has also been acknowledged by RAN4. 
Although TS 36.300 describes as follows, whether the UE supports all the UL possible configurations may not be clear:

-
The number of DL CCs that can be configured depends on the DL aggregation capability of the UE;

-
The number of UL CCs that can be configured depends on the UL aggregation capability of the UE;
Therefore, the following is proposed:
Proposal 2:
RAN2 is respectfully asked to confirm that for the case where the number of CC aggregation capability is the same for both UL and DL, the UE can also support all the possible configurations where the number of DL CCs is greater than that of UL.
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Fig.1
Interference scenario between bands caused inside the UE.

3. Summary and proposal
In addition to what was discussed at RAN2#79bis, this paper attempted to clarify the eNB interpretation on the UE capability of CA band combination for further to avoid the future IOT issues. In conclusion, the following were proposed:
Proposal 1:
RAN2 is respectfully asked to confirm that for the case where the number of DL CC aggregation capability is greater than the one of UL, the UE needs to signal the CA-BandwidthClass parameter for all possible UL band combinations.
Proposal 2:
RAN2 is respectfully asked to confirm that for the case where the number of CC aggregation capability is the same for both UL and DL, the UE can also support all the possible configurations where the number of DL CCs is greater than that of UL.
If the proposals are agreed and RAN2 is of opinion that these should be clarified in the standard, how to capture in the specification should also be discussed for further. 
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Annex: Signalling combinations for 2 inter-band CA (R2-124989)
	Capability signalling
	Band A BandParametersDL
	Band A BandParametersUL
	Band B BandParametersDL
	Band B BandParametersUL
	eNB Interpretation

	6
	Yes
	No
	Yes
	No
	- Aggregation of 2 DL CCs of the 2 bands

- Not clear about the UL aggregation capability

	8
	Yes
	Yes
	Yes
	No
	- Aggregation of 2 DL CCs of the 2 bands

- No aggregation in the UL. Only Band A can support a PCell

	14
	Yes
	No
	Yes
	Yes
	- Aggregation of 2 DL CCs of the 2 bands

- No aggregation in the UL. Only Band B can support a PCell

	16
	Yes
	Yes
	Yes
	Yes
	- Aggregation of 2 UL CC of the 2 bands

- Aggregation of 2 DL CC of the 2 bands

- Both Band A and B can support a PCell.
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