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1. Introduction

In RAN1 #59bis and the following email discussion, the followings were agreed for uplink TPC transmission in 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
Generally, uplink TPC transmission in LTE-A shall align with Rel-8 as much as possible. With the introduction of cross carrier scheduling, cross carrier TPC using DCI format 3/3A has been discussed in several contributions [1]-[8]. In this document, we share our views on this issue.

2. Discussion 

Considering that different channel qualities and scheduling decisions on different UL CCs, CC-specific TPC is needed in LTE-A. In order to reduce the signaling overhead, TPC commands for a group of UEs can be transmitted with DCI format 3/3A. It is preferable to multiplex Rel-8 UEs and Rel-10 UEs in the same TPC group using the same DCI format 3/3A to further reduce the signaling overhead. There can be several use cases for TPC carried in DCI format 3/3A in carrier aggregation.
Case1: TPC commands in DCI format3/3A for SPS PUSCH
RAN2 has agreed that there is at most one UL SPS grant per UE in case of carrier aggregation. Thus, a UE at most has one SPS PUSCH in a sub-frame. From this perspective, TPC commands in DCI format 3/3A does not need to have CIF. In other words, UE applies the TPC command received in DCI format 3/3A to the UL carrier where UL SPS is configured and activated. Hence, Rel-8 DCI format 3/3A can be completely reused in Rel-10 carrier aggregation. Note that the TPC commands in the same DCI format 3/3A for different UEs may apply to different UL carriers, if those UEs’ SPS PUSCH are configured and activated on different UL carriers.
Case2: TPC commands in DCI format3/3A for SRS
Another use case for TPC commands in DCI format 3/3A is to control the transmit power of SRS. If a UE is configured to periodically or aperiodically transmit SRS on multiple UL carriers, cross carrier TPC commands in DCI format 3/3A can be beneficial. There are several approaches to enable cross carrier TPC commands in DCI format 3/3A:

· Option1: Each UE has one TPC-PUSCH-RNTI and each UL CC is configured with a tpc-index in the DCI format 3/3A.

· Option2: A UE can be configured with multiple TPC-PUSCH-RNTIs and tpc-indices, and each UL CC has a corresponding TPC-PUSCH-RNTI and a tpc-index.

· Option3: CIF (carrier indicator field) bits are inserted in DCI format 3/3A by puncturing some bits while maintaining the Rel-8 DCI format 3/3A payload size.

All of the above approaches can be Rel-8 backward compatible. However, option2 with multiple TPC-PUSCH-RNTIs increases the PDCCH false detection probability. The inserted CIF within DCI format 3/3A in option 3 reduces the multiplexing capacity of DCI format 3/3A. Therefore, option 1 is preferred.
Case3: TPC commands in DCI format3/3A for PUSCH non-adaptive retransmissions
TPC commands in DCI format 3/3A may be used for PUSCH non-adaptive retransmission triggered by a NACK on PHICH. However, this is not a typical use case for TPC commands in DCI format 3/3A since the reduced signaling overhead can only be achieved when multiple UEs in the same TPC group are performing non-adaptive PUSCH transmissions, which is of rather low probability.
Case4: TPC commands in DCI format3/3A for PUCCH transmissions

Considering that a UE can only transmit PUCCH with A/N, SR, and periodic CSI on a single UE-specific UL CC [9], one PUCCH TPC is sufficient in each UL subframe without the need of CIF. Therefore, Rel-8 DCI format 3/3A can be directly reused for PUCCH TPC commands by configuring each UE with one TPC-PUCCH-RNTI and one tpc-index. It is noted that TPC commands in the same DCI format 3/3A for different UEs can be applied to different UL CCs, if those UEs’ PUCCH are configured on different UL carriers.

Given the above discussions, we have the following proposals:
Proposal 1: The PUCCH TPC commands in multiple DL grants for a UE in a sub-frame shall be the same, and the UE shall use one of the received PUCCH TPC commands.
Proposal 2: Cross carrier TPC with DCI format 3/3A is beneficial for controlling SRS transmit power on multiple UL carriers. In case cross carrier TPC with DCI format 3/3A is supported, higher layers shall configure a tpc-index for each UL carrier.
3. Conclusions

In this contribution, details on TPC transmission in LTE-A are discussed. We currently have the following proposals:
Proposal 1: The PUCCH TPC commands in multiple DL grants for a UE in a sub-frame shall be the same, and the UE shall use one of the received PUCCH TPC commands.
Proposal 2: Cross carrier TPC with DCI format 3/3A is beneficial for controlling SRS transmit power on multiple UL carriers. In case cross carrier TPC with DCI format 3/3A is supported, higher layers shall configure a tpc-index for each UL carrier.
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