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1
Introduction

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). There are some proposals in RAN1 #59bis and many e-mail discussions about TPC for LTE-A. Finally the following was agreed as way-forward for the TPC for LTE-A.
TPC command transmission

· TPC in UL grant

· is applied to UL CC for which the grant applies

· TPC in DL grant

· is applied to UL CC on which the ACK/NACK is transmitted

· Case of multiple DL grants and ACK/NACK transmission in a single UL CC is FFS (how to interpret multiple PC commands)

· TPC in DCI format 3/3A

· For PUCCH

· FFS

· For PUSCH

· FFS

· In addition, the need for CIF is FFS (treat under AI 7.1.4)

FFS: which DL CCs the UE searches for Format 3/3A

Many issues are agreed through e-mail discussions but there are still FFS points needed to be clarified. In this paper, we discuss some remaining issues about the TPC command transmission
2
Discussion

2.1
PUCCH TCP in multiple DL grants
TPC in DL grants shall be applied to the UL CC where the corresponding ACK/NACK will be transmitted. Even though the exact UL ACK/NACK transmission scheme has not been agreed, regardless of the ACK/NACK scheme, there seems to be a case of transmitting ACK/NACK information corresponding to the multiple DL grants in the same UL CC. In this case, it should be defined how the TPC commands in independent DL grants are applied to the PUCCH transmission(s) in a single UL CC. Since a single eNB scheduler generates multiple DL grants for a UE in a subframe, it seems a simple approach regarding different TPC commands for a UE in a same subframe as an erroneous eNB behavior or UE detection failure. Therefore, we suggest the following.

· Suggestion 1: When the contents of the TPC commands corresponding to a same UL CC from the multiple DL grants are same, the UE follows the TPC commands. Otherwise, the UE ignores the TPC commands
2.2
PUCCH TPC in DCI format 3/3A

Since the exact UL ACK/NACK transmission scheme and the number of UL CCs used for PUCCH transmissions (ACK/NACK, CQI, SR) are not decided yet (it still can be multiple UL CCs or only single anchor CC), the decision on whether cross-carrier operation of DCI 3/3A for PUCCH can be supported or not shall be suspended until PUCCH UL CC decision. If all PUCCHs from a UE are transmitted via an anchor UL CC, then cross-carrier operation of 3/3A for PUCCH may not be needed. Otherwise, cross-carrier operation may be supported.

· Suggestion 2: Decision on cross-carrier operation of PUCCH DCI format 3/3A shall be suspended until PUCCH UL CC decision.
2.3
PUSCH TPC in DCI format 3/3A
Considering whether to allow explicit CI in DCI format3/3A for PUSCH or not, we first need to clarify the necessity of cross-carrier power control of DCI format 3/3A. There were many e-mail dicussions about DCI format 3/3A. An ambiguous issue in e-mail discussion is about SPS (Semi-Persistent Scheduling), which is considered a main target of DCI format 3/3A in Rel-8. We need to clarify the operation of SPS when multiple UL carrier assignment for a UE, which may be up to RAN2 decision. In RAN2 agreement, only 1 UL SPS grant can be configured in a subframe. However, it is still for further decision whether reactivation of SPS on another UL CC is possible or not. Therefore if reallocation of SPS to another UL CC is possible during SPS transmission, then a new PUSCH on the reallocated UL CC and a retransmitted PUSCH on another CC may be transmitted simultaneously. In such situation, cross-carrier operation may be needed. 
In last e-mail discussions, usage of DCI format 3/3A was mainly about SPS PUSCH. To our best understanding, however, there is no standardized restriction about DCI format 3/3A only for SPS. DCI format 3/3A is not only for SPS PUSCH transmission but also for scheduled PUSCH transmission or retransmitted PUSCH in Rel-8 and it can also be used for tracking the UL radio channel when the UL PUSCH transmission is in a burst manner. Thus it seems that usage of DCI format 3/3A only for SPS PUSCH transmission is too restricted approach.
There are 2 possible options for cross-carrier power control for group TPC command as the following.
Option 1: Allocate multiple TPC-RNTIs and/or multiple tpc-indices to a UE [1]

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 [2][3]
.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: Cross-carrier operation of DCI format 3/3A should be supported.
3 
Summary
In this document we addressed some remaining FFS issues of current agreement on UL TPC. We summarize our suggestions as the follows

· Suggestion 1: When the contents of the TPC commands corresponding to a same UL CC from the multiple DL grants are same, the UE follows the TPC commands. Otherwise, the UE ignores the TPC commands

· Suggestion 2: Decision on cross-carrier operation of PUCCH DCI format 3/3A shall be suspended until PUCCH UL CC decision.

· Suggestion 3: Cross-carrier operation of DCI format 3/3A should be supported.
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