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1. Introduction
In this contribution, we discuss capability aspects of both dual connectivity and the SCell PUCCH for CA. Dual connectivity capability is now under discussion in RAN2/4. For the SCell PUCCH, the following agreements were reached [1] at the RAN1#77 meeting.
	Agreements:
· If PUCCH on Scell for CA is supported,

· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed


In [77-16], the following two alternatives were suggested:

	· Alt.1: Simultaneous PUCCH/PUSCH transmission remains an optional capability but a UE that supports PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission (basically similar as dual connectivity)

· Alt.2: Simultaneous PUCCH/PUSCH transmission remains an optional capability and a UE that supports PUCCH on SCell for CA may not support simultaneous PUCCH/PUSCH transmission


All these FFS aspects are also discussed in this contribution.
2. UE capability aspects
2.1. Dual connectivity capability
It is up to RAN2/4 whether the dual connectivity capability is band-specific or band-agnostic. In RAN1, the important aspect of dual connectivity capability is whether a common or separate capabilities are defined due to the difference between the synchronous and asynchronous dual connectivity.

From the RAN1 viewpoint, the potential difference between the synchronous and asynchronous cases is only the power control. As proposed in [3], we consider that multiple TA based power-limited handling should be applied for synchronous dual connectivity. The same power-limited handling is not realistic for asynchronous dual connectivity. Therefore, for an asynchronous case, support of look-ahead to keep the same UCI priority as in a synchronous case, or simply giving priority to the on-going transmission, i.e., different priority rules from sync case, have been discussed [4]. If support of look-ahead is agreed for an asynchronous case for a wide range of scenarios, e.g., for large TA scenarios, separating UE capabilities for synchronous and asynchronous cases would be required from a UE implementation viewpoint.
However, considering the tradeoff between the benefits from look-ahead in an asynchronous case and the potential market fragmentation due to the UE capability split, we believe that the UE capability regarding dual connectivity should not be split if the reason is the look-ahead ability. At least from the RAN1 perspective, separating the capability is not desirable solely for this reason.

Regarding whether the UE capability should be common or separate between synchronous and asynchronous cases, RAN2/4 aspects should also be taken into account. Therefore, the final decision should be made in RAN2/4, while taking into account RAN1’s understanding proposed below.
Proposal 1:

· From the RAN1 perspective, there is no need to split the dual connectivity capability into synchronous dual connectivity and asynchronous dual connectivity capabilities.
· Power-control can be specified such that the capability split is not necessary.

· RAN2/4 should decide whether the dual connectivity capability is band-specific or band-agnostic, and is common or different between synchronous and asynchronous, while considering RAN1’s understanding above.
2.2. SCell PUCCH capability
Similar to the dual connectivity capability, a SCell-PUCCH capability (if separated from the dual connectivity capability) can be band-specific or band-agnostic. Although this is also a RAN2/4 topic, it is quite natural that if the dual connectivity capability is band-agnostic, then the SCell-PUCCH capability (if separated from dual connectivity) would also be band-agnostic. If it is decided that the dual connectivity capability is to be band-specific, then the SCell-PUCCH capability (if separated from dual connectivity) can be either band-specific or band-agnostic. Further discussion is necessary in RAN2/4. There is no asynchronous scenario for  SCell PUCCH operation in CA, so the difference between synchronous and asynchronous cases does not need to be considered for SCell PUCCH operation in CA.
Considering the current RAN1 agreement [1], operation with a SCell PUCCH configuration is quite similar to (or even exactly the same depending on FFS conclusion [5] in) dual connectivity from the RAN1 perspective. SCell PUCCH operation can be a subset of dual connectivity operation, i.e, PUCCH-SCell and two cell-groups are configured, and the UCI is fed back separately between the cell-groups. Therefore, it is not reasonable to define a UE that supports dual connectivity while the SCell PUCCH is not supported. In other words, the SCell PUCCH should be supported by the UE supporting dual connectivity.

Proposal 2:

· If the dual connectivity capability is band-agnostic, then the SCell PUCCH capability is also band-agnostic.

· Dual connectivity capable UE is mandated to support SCell PUCCH on CA.

2.3. On simultaneous PUCCH/PUSCH transmission capability
It is natural that simultaneous PUCCH/PUSCH transmission occurs between different cell-groups in dual connectivity. Similarly, since SCell PUCCH operation also configures two cell-groups that separately perform UCI feedback, simultaneous PUCCH/PUSCH transmission between different cell-groups is a straightforward function for SCell PUCCH operation. Therefore, we consider that a UE that supports dual connectivity and/or the PUCCH on SCell for CA should also support simultaneous PUCCH/PUSCH transmission.
Proposal 3:

· Simultaneous PUCCH/PUSCH transmission is supported if a UE supports dual connectivity and/or PUCCH on SCell for CA.

2.4. On simultaneous Rx/Tx capability

For inter-band TDD CA, simultaneous Rx/Tx capability was introduced in Rel. 11. However, in dual connectivity, it is not realistic to accommodate UEs that do not support simultaneous Rx/Tx between TDD serving cells in different cell-groups because of the separate scheduler. Therefore, simultaneous Rx/Tx should be supported if the UE supports dual connectivity. In the case of SCell PUCCH operation, it is not impossible to accommodate simultaneous Rx/Tx non-capable UEs. However, benefit from downlink CA cannot be achieved if the UE is not capable of simultaneous Rx/Tx. Therefore, we consider that SCell PUCCH operation without simultaneous Rx/Tx capability is not reasonable. Our view is that UEs supporting dual connectivity and/or SCell PUCCH for CA should also support simultaneous Rx/Tx between the serving cells in different cell-groups.
Proposal 4:

· Simultaneous Rx/Tx is supported between the serving cells in different cell-groups if a UE supports dual connectivity and/or PUCCH on SCell for CA.
2.5. On PCell-duplex capability for TDD-FDD CA
In Rel.12, TDD-FDD CA is supported. For TDD-FDD CA, separate UE capabilities are introduced on which duplex mode can be PCell; one is TDD-FDD CA with FDD-PCell, the other is TDD-FDD CA with TDD-PCell. However, this parameter only defines the PCell-duplex capability of TDD-FDD CA; there is no indication on whether TDD or FDD serving cell can be PSCell or PUCCH-SCell in the cell-group. In order to configure TDD-FDD CA on a cell-group where PCell is not present, e.g., SCG in dual connectivity, indication on which duplex-mode can be PSCell or PUCCH-SCell in the cell-group is necessary.
According to the current definition of tdd-FDD-CA-PCellDuplex-r12, this capability is band-agnostic. Therefore, the simplest approach is to change the definition of this capability in [6] so that the duplex-mode of PSCell and/or PUCCH-SCell can be correctly informed, as follows.

	4.3.4.28
tdd-FDD-CA-PCellDuplex-r12
This field defines if the UE supports PUCCH configuration on TDD serving cell and/or FDD serving cell in any supported band combination including at least one FDD band and at least one TDD band.
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Fig.1  Example of TDD-FDD CA with dual connectivity or SCell PUCCH operation.

Proposal 5:

· Change the definition of tdd-FDD-CA-PCellDuplex-r12 such that the capability signalling indicates whether the frame structure type 1 serving cell and/or frame structure type 2 serving cell can be the PUCCH-configured serving cell i.e., PCell, PSCell, or SCell-PUCCH cell, when TDD-FDD CA is configured within a cell-group not containing the PCell.
According to the discussion so far, the main reason of separating UE capabilities for TDD-PCell and FDD-PCell was IoT of new HARQ timing. However, if one cell-group comprises only frame structure type 1 serving cell(s) and the other cell-group comprises only frame structure type 2 serving cell(s), the HARQ timings for each cell-group are the same as Rel. 11 TDD CA or Rel. 11 FDD CA; new HARQ timing introduced for Rel.12 TDD-FDD CA is never used. Therefore, we believe that either frame structure type 1 serving cell or frame structure type 2 serving cell can be the PUCCH-configured serving cell (PCell, PSCell, or SCell-PUCCH configured cell) regardless of the value of tdd-FDD-CA-PCellDuplex-r12.
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Fig.2  TDD-FDD CA with SCell PUCCH and different cell-groups for different frame structure types.
Proposal 6:

· Either frame structure type 1 serving cell or frame structure type 2 serving cell can be PCell when a UE is configured with more than two cell-groups, if one cell-group comprises only frame structure type 1 serving cell(s) and the other cell-group comprises only frame structure type 2 serving cell(s), irrespective of the value of tdd-FDD-CA-PCellDuplex-r12.

3. Conclusion
In this contribution, we discussed the UE capability aspects of dual connectivity and SCell PUCCH for CA. We propose the following.
Proposal 1:

· From the RAN1 perspective, there is no need to split the dual connectivity capability into synchronous dual connectivity and asynchronous dual connectivity capabilities.
· Power-control can be specified such that the capability split is not necessary.

· RAN2/4 should decide whether the dual connectivity capability is band-specific or band-agnostic, and is common or different between synchronous and asynchronous, while considering RAN1’s understanding above.
Proposal 2:

· If the dual connectivity capability is band-agnostic, then the SCell PUCCH capability is also band-agnostic.

· Dual connectivity capable UE is mandated to support SCell PUCCH on CA.

Proposal 3:

· Simultaneous PUCCH/PUSCH transmission is supported if a UE supports dual connectivity and/or PUCCH on SCell for CA.

Proposal 4:

· Simultaneous Rx/Tx is supported between the serving cells in different cell-groups if a UE supports dual connectivity and/or PUCCH on SCell for CA.
Proposal 5:

· Change the definition of tdd-FDD-CA-PCellDuplex-r12 such that the capability signalling indicates whether the frame structure type 1 serving cell and/or frame structure type 2 serving cell can be the PUCCH-configured serving cell i.e., PCell, PSCell, or SCell-PUCCH cell, when TDD-FDD CA is configured within a cell-group not containing the PCell.
Proposal 6:

· Either frame structure type 1 serving cell or frame structure type 2 serving cell can be PCell when a UE is configured with more than two cell-groups, if one cell-group comprises only frame structure type 1 serving cell(s) and the other cell-group comprises only frame structure type 2 serving cell(s), irrespective of the value of tdd-FDD-CA-PCellDuplex-r12.

References
[1] 3GPP RAN1#77, Chairman’s note
[2] R1-142769, “LS on the support of PUCCH on two serving cells in CA, ”RAN1, RAN1#77.
[3] R1-143222, “Handling of remaining power for dual connectivity,” NTT DOCOMO, RAN1#78.
[4] R1-142873, “Summary of email discussion [77-12]: “look-ahead” aspect for Dual Connectivity power control,” Panasonic, RAN1#77.
[5] R1-143226, “Remaining FFS of SCell PUCCH for carrier aggregation,” NTT DOCOMO, RAN1#78.
[6] 3GPP TS36.306.
- 2/5 -

