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1. Introduction
At the RAN#66 meeting, a work item on carrier aggregation enhancements was approved as a Rel.13 feature [1]. One of the objectives for the WI is to specify PUCCH on SCell for UEs supporting uplink carrier aggregation.
In this contribution, necessary enhancements to support PUCCH on SCell are discussed. 
2. Baseline for the PUCCH on SCell mechanism

As declared in the WID, physical layer specifications for PUCCH on SCell should be based on the UCI mechanism for Dual Connectivity and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations. Such specification work has already been done during Rel.12 WI [2]-[3]. It is quite natural to start from the agreements we made during Rel.12. As a reference, RAN1 agreements regarding PUCCH on SCell during Rel.12 are copied below.

Conclusion from RAN1#77 [2]:

	Agreements:
· If PUCCH on Scell for CA is supported,
· PUCCH transmission on two serving cells in CA is realized by following methods:

· On the PCell for SCells in PUCCH cell group 1

· On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2

· One SCell can only belong to one PUCCH cell group

· One of the two serving cells is PCell
· PUCCH on Scell only for CA is not supported in Rel-12
· PUCCH on two serving cells in CA is not supported within MeNB or SeNB
· PUCCH on SCell with CA is realized by following methods:

· No cross-carrier scheduling between cells in different PUCCH groups

· FFS: How PUCCH power control will be supported
· PUCCH on SCell can carry HARQ-ACK feedback and CSI

· Ask RAN2 whether SR is necessary on SCell

· Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2
· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed
· Send an LS to RAN2 asking

· ask RAN2 to analyse the complexity if RAN1 supports PUCCH on Scell in above approaches and provide feedback to RAN1 on whether to support PUCCH on Scell for CA in Rel-12
· whether SR is necessary on Scell if the PUCCH is sent on Scell in carrier aggregation

· RAN1 ask RAN2 whether to consider introduction of one UE capability bit to indicate support for PUCCH on PCell and SCell in CA, separately from the indication of the support of dual connectivity


Conclusions from email discussion [77-16]:

	Working assumption:
· If PUCCH on SCell for CA is supported, the pSCell PUCCH power-control of dual connectivity is reused for the SCell PUCCH in CA, with the following clarifications.

· FFS which (if any) feature introduced for dual connectivity may not need to be supported for the transmission of PUCCH on SCell for CA

· E.g., CSS on the SCell that carries PUCCH, transmission of DCI format 3/3A with PUCCH-TPC-RNTI on the SCell that carries PUCCH, reserved power, PHR

Conclusion:
· FFS for how to transmit UCI on PUSCH if PUCCH on SCell for CA is supported


Proposal 1:

· Start the specification work for PUCCH on SCell with the agreements/conclusions during Rel.12 WI.
· Resolve following remaining/potential open issues identified during Rel.12 discussion.
· UCI multiplexing on PUSCH

· Power-control of PUCCH configured on a SCell

· UE capability aspects
· Simultaneous PUCCH-PUSCH transmission

· Duplex-mode related capabilities
3. Remaining/potential open issues
3.1. UCI multiplexing on PUSCH for the UE configured with PUCCH on SCell

Two alternatives were considered for UCI multiplexing on PUSCH when the PUCCH on SCell is configured.

· Alt.1: UCI multiplexing on PUSCH is carried out per PUCCH cell-group (CG) similar to dual connectivity.

· Alt.2: UCI multiplexing on PUSCH is carried out per UE similar to carrier aggregation.

Figure 1 illustrates examples of Alt.1 and Alt.2, where 5CCs are assumed to be configured for the UE. 
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Fig.1  Alternatives of UCI multiplexing on PUSCH when a UE is configured with PUCCH on SCell.

During the Rel.12 discussion, it was pointed out that Alt.1 has a concern on the power-limited handling. If a UE is power-limited while two PUSCHs on different cell-groups are transmitted at the same timing, distributing UCIs on different CCs in different cell-groups may result in power-scaling of PUSCH(s); both or one of UCIs are likely to be missed. Therefore, it was claimed that Alt.2 would be better than Alt.1 in terms of power-limited handling.

However, it is questionable how much we should optimize the operation with SCell PUCCH in CA for the power-limited case. Unlike Dual Connectivity, all the serving cells are under the control of single eNB. Thus, transmit power of the UE can be well controlled. 
Another concern is the relationship between the HARQ-ACK timing and the UCI multiplexing rule when the UE has PUSCH transmission. Since the PUCCH on SCell follows dual connectivity mechanisms, it is obvious that the HARQ-ACK timing is determined per PUCCH-CG. For example, if a UE is configured with TDD-CA using 2 CCs with different UL-DL configurations, and the UE is also configured with PUCCH on SCell, the HARQ-ACK feedback timing is determined by the UL-DL configuration of each serving cell, which is totally different from CA behavior. If the Alt.2 is adopted, the UE procedure becomes neither CA nor DC; HARQ-ACK timing is different between cell-groups as in DC, while the HARQ-ACK multiplexing on PUSCH is done per UE as in CA. Variations of UE behavior/procedure should be minimized as hard as possible. Therefore, unless strong need is identified, UCI multiplexing on PUSCH should be the same as in DC.
Proposal 2:

· Apply the same rule of UCI multiplexing on PUSCH as in dual connectivity.
· UCI multiplexing on PUSCH is carried out per PUCCH cell-group.
3.2. Power control of PUCCH configured on a SCell

For dual connectivity, common search space is supported in the PSCell which belongs to the SCG. The common search space on the PSCell can be used to transmit DCI format 3/3A, which is scrambled with TPC-PUCCH-RNTI or TPC-PUSCH-RNTI. The question is whether or not the DCI format 3/3A should also be applicable to the PUCCH configured on a SCell.

Our view is that the support of common search space on SCell only for the purpose of transmitting DCI format 3/3A is not reasonable. In many cases, since the transmit power of PUCCH on SCell can be controlled by the TPC command carried by a DL assignment, the support of DCI format 3/3A is not essential for PUCCH configured on a SCell. Even if it is supported, unless other strong reason to support common search space on SCell is identified, simpler solution should be preferred. One way to support DCI format 3/3A for PUCCH configured on a SCell is to use the common search space on the PCell. For this solution, additional higher-layer signalling would be necessary to indicate which PUCCH the TPC command in the DCI format 3/3A indicates.
Regarding the other power-control mechanisms including PHR and power-limited handling, dual connectivity operation can directly be re-used without modifications. 
Proposal 2:

· Common search space on SCell is not supported if the motivation is only DCI format 3/3A.
· Unless strong need is identified, other power-control mechanisms should be the same as in dual connectivity.
3.3. Meaning of simultaneous PUCCH/PUSCH transmission capability bit
The definition of simultaneousPUCCH-PUSCH-r10 in Rel.12 specification is copied below [4].
	4.3.4.12
simultaneousPUCCH-PUSCH-r10

This field defines whether the UE baseband supports simultaneous transmission of PUCCH and PUSCH, and is band agnostic. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of RF capability for non-contiguous UL resource allocation within a component carrier for a particular E-UTRA radio frequency band, then the UE supports simultaneous transmission of PUCCH and PUSCH within each component carrier of the band. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of carrier aggregation in UL, then the UE supports simultaneous transmission of PUCCH and PUSCH across any UL component carriers which the UE can aggregate. If the UE supports DC, this field is applicable within a CG.


The above definition clarifies that the simultaneousPUCCH-PUSCH-r10 indicates whether the UE can perform simultaneous PUCCH-PUSCH transmission within a CG. In other words, the UE supporting dual connectivity is required to perform simultaneous transmissions of PUCCH+PUCCH, PUCCH+PUSCH, and PUSCH+PUSCH between cell-groups, but these simultaneous transmissions are not related to the capability of simultaneousPUCCH-PUSCH-r10. We believe that the same principle should be applied to the UE configured with PUCCH on SCell. Otherwise the simultaneous PUCCH-PUSCH transmission becomes conditional mandatory for PUCCH on SCell operation while it is not so for dual connectivity.
Proposal 3:

· simultaneousPUCCH-PUSCH-r10 should indicate the capability of simultaneous PUCCH-PUSCH transmission within a PUCCH-CG as in dual connectivity.
3.4. PCell duplex capability for TDD-FDD CA with PUCCH on SCell
In Rel.12, for TDD-FDD CA, separate UE capabilities are introduced on which duplex-mode can be the PCell duplex-mode; one is TDD-FDD CA with FDD-PCell, the other is TDD-FDD CA with TDD-PCell. For the case of dual connectivity, this capability also indicates whether the FDD cell or TDD cell can be PSCell in the SCG.
	4.3.4.28
tdd-FDD-CA-PCellDuplex-r12
This field defines if the UE supports TDD PCell and/or FDD PCell in any supported band combination including at least one FDD band and at least one TDD band. If DC is supported for the concerned FDD-TDD band combination, this field is applicable within a CG.


For dual connectivity, another UE capability is introduced to indicate whether the UE supports TDD-FDD dual connectivity, in which case each CG is comprised of the serving cell(s) with the same duplex-mode. For this TDD-FDD dual connectivity with TDD-CG and FDD-CG, either FDD cell or TDD cell can be PCell.
	4.3.4.37
singleDuplexModeCG-r12
This field defines if the UE supports TDD-FDD DC where each CG is comprised of the serving cell(s) of the same duplex mode in any supported band combination including at least one FDD band and at least one TDD band where at least dc-Support-r12 is indicated. Support of TDD/ FDD DC does not imply the UE supports TDD/ FDD CA, i.e., the UE may not include tdd-FDD-CA-PCellDuplex-r12 depending on support of TDD-FDD CA within a CG.


For PUCCH on SCell, similar capabilities can be defined. For TDD-FDD CA in the PUCCH-CG 2, i.e., PUCCH-CG that does not include PCell, there should be an indication on whether the FDD cell or TDD cell can be PUCCH-SCell in the PUCCH-CG 2. Since new HARQ timing defined for TDD-FDD CA with TDD-PCell is never used for PUCCH on SCell with TDD-CG and FDD-CG, either FDD cell or TDD cell should be able to be PCell, regardless of the UE capability of tdd-FDD-CA-PCellDuplex-r12. 
Proposal 4:

· Ask RAN2 whether to follow the principles of dual connectivity regarding the following UE capabilities:

· tdd-FDD-CA-PCellDuplex-r12

· singleDuplexModeCG-12
4. Conclusion
In this contribution, we discussed necessary enhancements to support PUCCH on SCell and proposed the following.
Proposal 1:

· Start the specification work for PUCCH on SCell with the agreements/conclusions during Rel.12 WI.

· Resolve following remaining/potential open issues identified during Rel.12 discussion.

· UCI multiplexing on PUSCH

· Power-control of PUCCH configured on a SCell

· UE capability aspects
· Simultaneous PUCCH-PUSCH transmission

· Duplex-mode related capabilities

Proposal 2:

· Common search space on SCell is not supported if the motivation is only DCI format 3/3A.
· Unless strong need is identified, other power-control mechanisms should be the same as in dual connectivity.
Proposal 3:

· simultaneousPUCCH-PUSCH-r10 should indicate the capability of simultaneous PUCCH-PUSCH transmission within a CG as in dual connectivity.
Proposal 4:

· Ask RAN2 whether to follow the principles of dual connectivity regarding the following UE capabilities:

· tdd-FDD-CA-PCellDuplex-r12

· singleDuplexModeCG-12
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