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1 Introduction

In RAN1#77, the following were agreed with respect to supporting PUCCH transmissions on a pSCell for a UE configured with CA operation.

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
Email discussions continued after RAN1#77 under “[76-16] PUCCH on SCell” but without conclusion. In addition to the above two FFS points, other discussion topics included whether or not CSS should be supported on the pSCell (i.e. whether to follow CA operation or DC operation) to provide TPC commands for PUCCH transmissions (e.g. P-CSI), and whether or not UCI can be multiplexed in two PUSCHs where the first PUSCH is transmitted on a cell of a first CG including the PCell and the second PUSCH is transmitted on a cell of a second CG including the pSCell (i.e., again, whether to follow CA operation or DC operation).
This contribution considers the above aspects in case PUCCH on a pSCell for CA is agreed to be supported.

2 Design Aspects for PUCCH on pSCell
Support of PUCCH transmissions on a pSCell for CA has, or can potentially have, several additional implications other than the direct support of this functionality itself. 
2.1 Approach 1: Full Re-Use of DC Operation - No Optimizations in Rel-12

DC operation vs. CA operation need not be visible to a UE. DC operation can be fully re-used when there is a single eNB for the two cell groups. Although DC operation is suboptimal to CA operation, it can be maintained in Rel-12 for support of PUCCH in a pSCell for a network operating CA. No additional specifications are identified. For UL PC, 
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 are either not configured or they are both set to zero value. SR transmission need not be configured in the pSCell but this is also an implementation aspect. This approach may also be viewed to be consistent with the WID [1] which calls for “minimal additional work” (minimization of additional work is zero additional work).
Observation 1: PUCCH on pSCell for CA can be supported for a DC-capable UE using DC functionalities. No additional specifications are needed in this case. 
2.2 Approach 2: CA Re-Use – Introduction Only of Necessary DC Functionalities

The intention is to not penalize CA operation because PUCCH on pSCell is introduced. In general, any modifications to CA operation shall only be ones associated with providing proper operation for PUCCH transmissions on the pSCell and the advantages of CA over DC operation shall be maintained unless it is functionally impossible. 

Power Control
As the UE can have simultaneous UCI transmissions in both a PCell and a pSCell, DC rules can directly apply. Guaranteed minimum transmission powers in the CG that includes the PCell and in the CG that includes the pSCell, 
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 respectively, are either not configured or their value is set to zero (any other value can be considered an incorrect configuration). Regarding PHR, the Rel-11 definition can apply where, in case a UE is configured for simultaneous PUSCH and PUCCH transmissions (type 2 PHR), the power of PUCCH transmissions on both the PCell and the pSCell is considered (same as considering the power of multiple PUSCHs in respective multiple cells in Rel-11). 
Observation 2: Regardless of whether DC-based or DC-based operation is followed, a UE configured CA operation and PUCCH transmission on a pSCell can determine a transmission power for an UL channel in the same manner as when it is configured DC operation. 
Observation 3: Rel-11 PHR definitions apply where, for type 2 PHR, both PUCCH transmissions to PCell and to pSCell are considered.
CSS on pSCell
Support of CSS on a pSCell is intended for transmissions of DCI formats 3/3A (with TPC-PUCCH-RNTI) that provide TPC commands for PUCCH transmissions such as P-CSI. For re-use of Rel-11 CA functionalities, introducing CSS on the pSCell should be avoided. TPC commands for PUCCH on the pSCell can be included in DCI Formats 3/3A transmitted on the PCell. 

Observation 4: There is no need to introduce CSS support on pSCell. DCI Formats 3/3A transmitted on the PCell can provide TPC commands for PUCCH transmissions on the pSCell.

UCI in multiple PUSCHs
An eNB does not support reception of UCI multiplexed in two PUSCHs neither for CA nor for DC. Therefore, transmitting, to a same eNB, UCI in more than one PUSCH is incompatible with either CA or DC operation. Moreover, multiplexing UCI transmissions in two PUSCHs is disadvantageous as it increases the probability of dropped UCI. Moreover, it will necessitate additional specifications such as separate cell configurations for reporting A-CSI and separate respective mappings for the A-CSI field for the same eNB. Further, unlike DC, SR transmission also remains only on the PCell (no SR transmission on pSCell).  
Observation 5: There is no need to modify UCI multiplexing rules in PUSCHs relative to Rel-11 CA.
Based on the above observations, PUCCH on a pSCell can be supported for CA by re-using all CA functionalities and further adopting the UL PC mechanism used for dual connectivity and supporting TPC commands for PUCCH on either the PCell or the pSCell using DCI Format 3/3A on the PCell.

Observation 6: The only necessary additional CA functionalities to support PUCCH on a pSCell for CA operation is the UL PC mechanism used DC operation and the support of TPC commands for PUCCH on either the PCell or the pSCell using DCI Format 3/3A on the PCell.
2.3 UE capability bits 
If the first approach is followed, a same capability bit for a UE to indicate support for DC and for PUCCH on a pSCell for CA is sufficient. If the second approach is followed, as a UE requires a subset of capabilities to support PUCCH on a pSCell for CA than to support DC, respective capability bits should be separate.
As support of a pSCell is ultimately a network choice (and likely a Rel-12 network capability), RRC configuration to a UE to transmit PUCCH on a pSCell for a respective group of DL SCells is provided by the network. 

Observation 7: To indicate support of DC and support of PUCCH on pSCell, a same capability bit is sufficient for the first approach while separate capability bits are needed for the second approach. 

3 Conclusions

This contribution considered the support of PUCCH transmissions on a pSCell for CA. In particular, the following are proposed.
Proposal 1: In Rel-12, support PUCCH on pSCell for CA using same specifications as for DC. If time permits, optimizations can be considered.

Proposal 2: A network configures by RRC signaling to a UE a pSCell and SCells for which the UE transmits associated UCI on the pSCell.
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