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1
Introduction
In LTE, the transmit power control (TPC) commands for PUSCH are conveyed as part of the UL grants. Independent TPC commands for PUCCH are transmitted as part of the DL assignments. In addition, group power control commands for PUSCH and PUCCH can be transmitted on the DL using DCI formats 3/3A. 
When cross-carrier control is utilized, a grant pertaining to the component carrier (CC) as indicated by the carrier indicator field would carry the TPC commands for that CC. The cross-carrier functionality for PUSCH group TPC commands can also be provided by utilizing semi-static configuration of multiple TPC-PUSCH-RNTI/TPC-index pairs. In this document, we address the need to provide the cross-carrier operation for group TPC commands in LTE-A.
2
Cross-carrier Operation for Group TPC Commands
In Rel-10, there is a single UE-specific UL CC that is configured semi-statically to carry PUCCH A/N, SR, and periodic CSI from a UE. Therefore, from a UE’s perspective, the power control for PUCCH pertains to a single CC. The cross-carrier power control of PUCCH can be done implicitly by configuration of a single TPC-PUCCH-RNTI. 
Unlike for PUCCH, the network may want to independently power control different UL CCs for data transmission and SRS. In that case, TPC commands for PUSCH on each CC are needed. As the group and individual power control are provided in Rel-8/9, we believe that the same functionality for each CC should be supported in Rel-10. The group power control enables the proper power control of SRS and reliable data transmission when UL grant (and individual TPC command) may not be available (e.g. UL retransmissions, SPS traffic) or is sparse (in case of bursty UL traffic).

Providing the cross-carrier operation for group TPC commands completes the cross-carrier control operation established for support of the reliable control operation in heterogeneous network deployments. It is based on the Rel-8/9 principles, and fully backward compatible.
As discussed in [1], the group TPC commands can be conveyed on the DL CC(s) configured by the higher layers. A UE may be configured for multiple TPC-PUSCH-RNTIs and for each group defined by the RNTI, one or more tpc-Index(es), each index corresponding to one configured UL CC, is provided. This approach offers the full flexibility in conveying the group TPC commands for multiple carriers. It allows different carriers to be updated on different time instances, adapting to the possibly different power control needs.
3
Summary 
In this document, we discussed the need for providing the cross-carrier operation for PUSCH group TPC commands in LTE-A. We concluded that it is a useful tool that enables the proper power control of SRS and reliable data transmission when UL grant (and individual TPC command) may not be available or is sparse. The cross-carrier operation for PUSCH group TPC commands completes the cross-carrier control operation established for support of the reliable control operation in heterogeneous network deployments. It provides the Rel-8/9 functionality for CCs in Rel-10, and it is based on the Rel-8/9 principles.
Based on the above discussion, we propose the following

· Group TPC commands are conveyed on the DL carrier(s) configured by the higher layers
· A UE may be configured for multiple TPC-PUSCH-RNTIs and for each group defined by the RNTI, one or more tpc-Index(es), each index corresponding to one configured UL carrier, is provided.
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