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1
Introduction
In LTE, the power control commands for PUSCH are conveyed in UL grant and for PUCCH are conveyed in DL grant. In addition to that, the group power control commands for PUSCH and PUCCH can be transmitted on DL using the downlink control information (DCI) formats 3/3A. The Rel-8 UL/DL grant transmitted on the DL carrier carries the UL transmit power control (TPC) commands to the target UE for the UL paired with that DL carrier. 
In this document, we address the possible approaches to provide for cross-carrier operation for group TPC commands in lack of the carrier indicator field in 3/3A DCI format. We also consider utilizing a single DCI that can flexibly convey variable length TPC commands for multiple carriers, or allowing flexible reinterpretation of existing Rel-8/9 power control messages by Rel-10 UEs in order to alleviate the drawbacks in case of UE having to receive both DCI formats 3 and 3A.
2
Cross-carrier Operation for Group TPC Commands
In Rel-8, the power control commands for PUSCH are conveyed in UL grant and for PUCCH are conveyed in DL grant. In addition to that, the group power control commands for PUSCH and PUCCH can be transmitted on DL using the DCI formats 3/3A.
In Rel-10, there is a single UE-specific UL CC that is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE. Therefore, from UE’s perspective, the group TPC command for PUCCH pertains to a single CC. On the other hand, to control SRS on multiple UL CCs, per CC group TPC commands for PUSCH are needed.
Group TPC commands for an UL carrier are conveyed on the DL carrier(s) configured by higher layers. Assuming that the DCI formats 3/3A do not have carrier indicator (in order to provide for backward compatibility and coexistence with Rel-8 UEs), the possible ways to obtain the cross-carrier operation are
· Parameter tpc-Index provided by the higher layers that determines the index to the TPC command for a given UE is conveyed to the UE per carrier
· The instances of the power control updates are the same for all carriers UE is monitoring. However, if configured for DCI format 3, the change can be set to zero for the carriers that do not need power correction 
· A UE has a single TPC-PUCCH-RNTI/TPC-PUSCH-RNTI 

· A UE is provided with TPC-PUSCH-RNTI per carrier with a single tpc-Index for each group
· A UE may be configured for multiple TPC-PUSCH-RNTIs and for each group defined by the RNTI, one or more tpc-Index is provided
· The exact mapping of the indexes to carriers is higher layer configured. For example, a UE may be configured with TPC-PUSCH-RNTI1 with tpc-Index1 and tpc-Index2 corresponding to the carriers 1 and 2, and TPC-PUSCH-RNTI2 with tpc-Index3 corresponding to the carrier 3.
The last 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. If it is acceptable that all carriers are updated at the same time, network may configure only a single TPC-PUSCH-RNTI to a UE with appropriate tpc-Indexes, in which case it becomes equivalent to the first approach.
2.1
DCI Format 3/3A
In LTE Rel-8, DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments.
In a system with multiple CCs, different CCs may have different need for TPC granularity, and therefore one UE may have to be configured to receive both DCI formats, 3 and 3A. This results in increased false alarm probability, increased load in the search space, and negative impact in the blind decoding budget of a UE. 
Therefore, it is beneficial to

· Allow Rel-10 UEs to receive multiple TPC commands in the existing 3 and 3A messages, each command having possibly different length. This type of operation can be made transparent to Rel-8/9 UEs. For this reason, Rel-8/9 and Rel-10 interpretation of the same message can be different
· Use a new single DCI format that is a combination of DCI formats 3 and 3A. The new DCI format can contain TPC command of length 1 or 2 bits. Similarly, as in LTE Rel-8/9, the network would configure parameter tpc-Index (provided by the higher layers) that determines the index to the TPC command for a given UE. In addition to this, it would also provide a bit(s) that would inform if the TPC field in the DCI is of length one bit or two bits (or other length). UE may be configured with multiple of tpc-Indexes and corresponding field length, one for each carrier or group of carriers.
By utilizing a single DCI that can flexibly convey variable length TPC commands for multiple carriers, or by allowing flexible reinterpretation of existing Rel-8/9 power control messages by Rel-10 UEs, the above mentioned problems are solved.
3
Summary 
In this document, we discussed the possible approaches to provide for cross-carrier operation for group TPC commands in the lack of the carrier indicator field in 3/3A DCI format. We also considered utilizing a single DCI that can flexibly convey variable length TPC commands for multiple carriers, or allowing flexible reinterpretation of existing Rel-8/9 power control messages by Rel-10 UEs in order to alleviate the drawbacks in case of UE having to receive both DCI formats 3 and 3A.

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
· Allow Rel-10 UEs to receive multiple TPC commands in the existing 3 and 3A messages, each command having possibly different length or define a new single DCI format that is a combination of DCI formats 3 and 3A new DCI format that can contain TPC command of length 1 or 2 bits.
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