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1
Introduction

In LTE Rel-8 system, there are 2 types of uplink Transmission Power Control (TPC) command [1]. The first one is TPC conveyed with DL/UL grant. The TPC in DL grant is applied to PUCCH transmission in the UL CC which is linked with the DL CC used for that DL grant. In LTE there is only one pair of DL and UL CC, so the linkage explained above is obvious. And TPC in UL grant is applied to PUSCH transmission in the UL CC. Another type of TPC used in LTE is group TPC command (DCI format 3/3A). The DCI format 3/3A is used for power control of PUSCH/PUCCH of a group of UEs which are configured with the same TPC-PUSCH/PUCCH-RNTI. And each UE can get TPC message informed to it in UE specific bit position (i.e. tpc-index), which is also configured by higher layer signal.
LTE-Advanced system can support multi-carrier transmission and also support cross-carrier scheduling by help of the Carrier Indicator (CI). Since multiple UL CCs can be allocated to a UE and CI can be used to control such UL CCs, it may be needed to make a rule to connect TPC command and its corresponding UL Component Carrier (CC). 

In this contribution we address mapping rule between TPC command and its corresponding UL CC for cross-carrier power control.
2
Discussion

2.1
UL TPC in DL/UL grant 

In LTE-Advanced system the DCI formats for DL/UL grant can have CI field to support cross-carrier scheduling. 
In case that there is no CI in DL/UL grant, i.e. there is no cross scheduling of a CC(s), mapping between TPC command and its corresponding UL CC follows the same procedure used in LTE Rel-8. That is, TPC command contained in the DL/UL grant is applied to the UL CC linked with the DL CC used for the transmission of that grant. Here, the linkages between DL and UL CCs may be either UE-specific or cell-specific and configured by higher layer signal such as the RRC signal. 

In case that a DL/UL grant includes CI, TPC command contained in the UL grant can be applied to the UL CC indicated by the CI contained in the UL grant. This is natural because TPC in the UL grant is used for the control of PUSCH transmission in the UL CC indicated by that CI. TPC in the DL grant may be applied to either the UL CC which is linked with the DL CC indicated by the CI or the UL CC used for transmitting ACK/NACK corresponding to the PDSCH scheduled by the DL grant. Selection between the linked UL CC and the ACK/NACK transmitted UL CC highly depends on the design of UL ACK/NACK resource allocation so that the UL ACK/NACK transmission scheme should be decided first.
· Suggestion 1: TPC in UL grant is applied to the UL CC indicated by CI
· Suggestion 2: TPC in DL grant is applied to either the UL CC linked with DL CC indicated by CI or the UL CC used for ACK/NACK transmission of PDSCH scheduled by DL grant. Further discussion considering ACK/NACK design is needed.
2.2
Group TPC command

Likewise group TPC command (DCI format 3/3A) in LTE, LTE-Advanced system also needs group TPC command for efficient power control of multiple UEs. Since multiple UL CCs can be assigned to a UE and cross-carrier power control may be needed, group TPC command for LTE may need modification for transmit power control of multiple UL CC.
In case that cross-carrier power control is not supported, we may reuse the LTE group TPC mechanism. That is, group TPC command for power control of a UL CC should be conveyed through each linked DL CC. Thus a UE also may need to blindly decode group TPC command through the common search space in each linked DL CC of all assigned UL CCs.
Following the same motivation of introducing cross-carrier scheduling, e.g., PDCCH scheduling flexibility and interference coordination of control signal, introducing cross-carrier power control for the group TPC command may be necessary. There may be 2 possible options to design cross-carrier power control for group TPC command as the follows.

Option 1: Allocate multiple TPC-RNTIs and/or multiple tpc-indices to a UE [2]

This option reuses the DCI format 3/3A in LTE to assure backward compatibility and co-scheduling with LTE UEs. In this option a UE can be provided multiple TPC-RNTIs and/or multiple tpc-indices by higher layer signaling, each TPC-RNTI or each tpc-index or each combination of a RNTI and a tpc-index can be interpreted as one of assigned UL CCs.

Option 2: Insert CI field in Rel-8 DCI format 3/3A
.In this option DCI format 3/3A has the CI field explicitly. However, to assure backward compatibility and co-scheduling with LTE UEs, this option does not increase the size of LTE DCI format 3/3A by reusing TPC bit position(s) as the CI field.
· Suggestion 3: In case of no cross-carrier power control, reuse Rel-8 group TPC mechanism per DL/UL CC pair
· Suggestion 4: In case of cross-carrier power control, option 2 is preferred since it’s straight forward extension of agreed usage of CIF for DL/UL grant while option 1 may consume more TPC-RNTI resources
2.3
TPC for a UL CC group

TPC command explained above is only for controlling of only one corresponding UL CC. In other words, a TPC command in DL/UL grant or the group TPC command is applied to only one corresponding UL CC PUCCH/PUSCH transmission. If a TPC can be applied to a group of UL CCs, in order to control the power of multiple UL CCs of a UE simultaneously, then it may be beneficial in TPC overhead perspective and/or in the power control latency perspective. A group of UL CCs may consist of all configured UL CCs or all CCs in the same frequency band. Thus it can be possible to control the power of multiple UL CCs of a UE simultaneously. The TPC command for a group of UL CCs may be configured UE specifically and/or DCI format specifically which means that some DCI formats could be configured for power control of a group of UL CCs (for example DCI format 3/3A could be configured for group CC power control).

· Suggestion 5: Consider the introduction of UL TPC command for a group of UL CCs
3 
Summary

In this document we addressed mapping rule between a TPC conveyed DL/UL grant and its corresponding UL CC when CI is on or not. Also, we addressed group TPC command methods which can support cross-carrier power control and suggested TPC command for a group of UL CCs. We summarize our suggestions as the follows
· Suggestion 1: TPC in UL grant is applied to the UL CC indicated by CI

· Suggestion 2: TPC in DL grant is applied to either the UL CC linked with DL CC indicated by CI or the UL CC used for ACK/NACK transmission of PDSCH scheduled by DL grant. Further discussion considering ACK/NACK design is needed.

· Suggestion 3: In case of no cross-carrier power control, reuse Rel-8 group TPC mechanism per DL/UL CC pair
· Suggestion 4: In case of cross-carrier power control, inserting CI field into DCI format 3/3A is preferred.
·  Suggestion 5: Consider the introduction of UL TPC command for a group of UL CCs
4 
References

[1] 3GPP TS 36.213, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures
[2] R1-094209, “UL Power Control for Multicarrier Operation”, Qualcomm Europe
















































































































































