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1. Introduction

In RAN1 #61, the following conclusions were made for uplink power control in LTE-A:
Power scaling in case of power limitation
· UCI cannot be carried on more than one PUSCH in a given subframe
· The UE shall scale the power of all PUSCHs without UCI equally(subject to contrary input from RAN4)
· Note that possibly setting the power of a PUSCH to zero is up to RAN4
Group TPC with DCI format 3/3A
· Proposal 1 in relation to cross-carrier group PC
· Semi-static configuration of multiple TPC-PUSCH-RNTI/TPC-index pairs (FFS whether multiple RNTIs are supported) to define the mapping between the TPC command and the UE/CC
· No increase in UE blind decoding attempts due to cross-carrier group power control
· Proposal 2 in relation to cross-carrier group PC
· Cross-carrier group PC is not supported in Rel-10
In this document, we share our views on TPC with DCI format 3/3A and UL PC for multiple antennas.

2. Group TPC with DCI format 3/3A
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. In addition, it is preferable to multiplex Rel-8 and Rel-10 UEs in the same TPC group sharing the same DCI format 3/3A to further reduce the signaling overhead. 
From the discussion in RAN1#61, there are generally two proposals for group TPC using DCI format 3/3A in LTE-A. The main debate is whether to support cross carrier group TPC in LTE-A [1]-[8]. Our current preference is cross carrier group TPC using DCI format 3/3A shall be supported in LTE-A.
Cross carrier TPC in DCI format 3/3A can be beneficial for both periodic and aperiodic SRS transmissions on multiple UL CCs, since there may not be timely TPC command for SRS transmission without UL grant. In addition, cross carrier TPC with DCI format 3/3A can further reduce the signaling overhead by grouping TPCs for different UL CCs and/or different UEs in the same DCI format 3/3A. 
As discussed in [8], considering that SPS PUSCH and PUCCH can only be transmitted on a UE specific UL PCC in LTE-A, Rel-8 DCI format 3/3A can be completely reused for SPS PUSCH and PUCCH power control in Rel-10. It is noted that TPC commands in the same DCI format 3/3A for different UEs can be applied to different UL carriers, if those UEs’ SPS PUSCH or PUCCH are configured on different UL CCs.
There are two approaches to enable cross carrier TPC in DCI format 3/3A according to proposal 1 in RAN1#61:

· 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.

Both of the two approaches can be Rel-8 backward compatible. However, option2 with multiple TPC-PUSCH-RNTIs increases the PDCCH false detection probability. Therefore, option 1 is preferred.
Given the above discussions, we have the following proposal:
Proposal 1: Cross carrier TPC with DCI format 3/3A is supported in Rel-10, and higher layers shall configure one TPC-PUSCH-RNTI for a UE and one tpc-index for each of its UL CCs.
3. Multi-antenna UL PC
To support UL SU-MIMO, a Rel-10 UE shall be equipped with multiple transmit antennas and the related UL power control scheme shall be studied. Generally, it is preferable to reuse Rel-8 UL PC as much as possible, without introducing much additional complexity at both eNB and UE side.

Ideally, the eNB received signals from each UE antenna shall be of the similar power level. However, in practice, due to UE Antenna Gain Imbalance (AGI), or pathloss measurement/compensation inaccuracy, signals from different UE Tx antennas can arrive at eNB on different power levels. In Rel-8/9 specifications, it is left for implementations on the choice of receive antenna(s) used for RSRP measurement for UEs with receiver diversity. Furthermore, the pathloss derivation is based on higher layer filtered RSRP measurements. Therefore, the impact of AGI on Tx antenna selection is not considered in Rel-8/9 specifications.
For Rel-10 UEs supporting UL SU-MIMO, it is observed in some contributions that power imbalance of multi-antenna can cause performance degradation [11]. However, the performance gain of per-antenna power control is limited according to evaluations in [12, 13]. In addition, per-antenna power control aims to allow more Tx power on the worse antenna, leading to more UE power consumption especially when AGI is larger, e.g. 3~10dB. Therefore, our view is that RAN1 shall first discuss whether per-antenna uplink power control is necessary.
Currently, mainly three types of proposals are available for multi-antenna UL PC: 
Option 1: Use per-antenna TPC
Option 2: Redefine the power control formulas [11, 14]

Option 3: Use per-antenna pathloss measurement and compensation [11, 15].
AGI can be different for specific RF implementation at the UE side. Hence, eNB in general is not aware of the UE AGI. Consequently, it is difficult to compensate the AGI by per-antenna TPC. For Option 2, the claimed performance gain comes with significant specification change as well as implementation complexity for both eNB and UE, hence not preferable either. Our current view is that if multi-antenna UL PC is adopted, the baseline shall be per-antenna pathloss measurement and compensation, since it allows maximally reusing the already defined UE measurement in Rel-8, and minimizes specification change and implementation complexity for both eNB and UE.
Proposal 2: RAN1 shall discuss whether per-antenna UL power control is necessary. If per-antenna UL power control is adopted, the baseline shall be per-antenna pathloss measurement and compensation.
4. Conclusions

In this contribution, remaining details on UL PC in LTE-A are discussed. We currently have the following proposals:
Proposal 1: Cross carrier TPC with DCI format 3/3A is supported in Rel-10, and higher layers shall configure one TPC-PUSCH-RNTI for a UE and one tpc-index for each of its UL CCs.
Proposal 2: RAN1 shall discuss whether per-antenna UL power control is necessary. If per-antenna UL power control is adopted, the baseline shall be per-antenna pathloss measurement and compensation.
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