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1 Introduction

During the RAN1#62bis meeting, the following agreements are achieved for multi-antenna power control:

· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

· In case of ks=0, power is divided between transmitting antennas in accordance with the ratio of the precoding weights (assuming no antenna gain imbalance compensation)

The following issues are FFS:

· Antenna gain imbalance compensation

· delta_TF for multiple layers / multiple codewords

· use of values of ks other than zero

In addition, it is also agreed that:
· The PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC
· Configurations are UE specific, carrier specific (for PUSCH and SRS) and independent from DL PDSCH transmission mode configuration
Since multiple transmission modes are possible for uplink channel, whether changing transmission mode triggers re-setting of an associated power control process needs to be considered.
This contribution discusses these remaining issues related to uplink multi-antenna power control. 
2 Antenna Gain Imbalance Compensation

As discussed in ‎[1], various sources power imbalance may exist. As discussed during RAN1#62bis meeting, no clear benefit from compensating the imbalance from more dynamic sources. A potentially static source of imbalance is UE TX power calibration error‎[1]. If such error is static, then compensate the imbalance should not course more transmission power consumption and should also benefit the performance. However, if the error is really static, it may well be compensated by manufacture and no standards support is needed. Furthermore, it is not clear how exactly the eNB can measure such error accurately and differentiate it from other sources of imbalance. 
Proposal: it is suggested that no antenna gain imbalance compensation is supported.
3 TF based power offset in SU-MIMO mode
It was discussed during RAN1#62bis meeting whether delta_TF should also be used for multi-layers/mutli-codewords transmissions. The key is whether a closed-form formula can be found to capture the general relationship between the TFs of the codewords and their transmission PSDs (power spectral density). 

For Rel-8 SIMO uplink transmission, it is fairly straightforward to show that TF (transmission format) based power offset term can be implemented through ΔTF by setting KS = 1.25. Although TF based power offset can be very flexible since it allows the eNB dynamically control the transmission PSD of the PUSCH of each UE by selecting appropriate TF, such an approach may be problematic in the case of multi-layer/codeword transmission as discussed in ‎[4]. Unless simulation results are provided to show that a closed-form formula can be found to capture the general relationship between the TFs and the PSDs for multi-layer transmission, the following is proposed:
Proposal: no transmission format based power offset (kS other than zero) for PUSCH transmission mode 2 in Rel-10.
4 UL transmission modes and power control
In this section, we discuss the impacts of the transmission mode configuration on power control design.
4.1 Transmission mode switching

Since multiple transmission modes will be defined for UEs with multiple transmit antennas, eNB may configure or switch the transmission mode of a UE for certain reasons. When the transmission mode changes for a UEs’ PUSCH or PUCCH, the corresponding power control process may be interrupted and resetting of some power control parameters is then needed.
For PUSCH, reset of f(i) = 0 may be needed when transmission mode changes. Whether other power control parameters, such as Po and α, should be adjusted is up to the eNB implementation.
Similarly, for PUCCH, reset of g(i) = 0 may be needed when transmission mode changes. Whether other power control parameters, such as Po and ΔF_PUCCH, should be adjusted is up to the eNB implementation.

Proposal: reset the power control status of a power control process when the transmission mode of an associated channel is changed.
4.2 PUSCH and SRS in different modes

The Release 8/9 power control of SRS is tied to the power control of PUSCH by an offset value (PSRS_OFFSET) configured by the eNB. Since the transmission mode for PUSCH and SRS may be configured independently, when different transmission modes are assigned to PUSCH and SRS, as a result, PSRS_OFFSET need to be configured/re-configured accordingly. Note that changing of transmission mode of SRS will not reset f(i).

Further more, in order to support aperiodic SRS, its configuration of single antenna or multi-antenna mode may be included in the control signaling. For this case, a proper value of PSRS_OFFSET also needs to be set accordingly and used for all the involved antennas. A few approaches can be used assuming a single power control process is used for PUSCH as in the case of sum power control:

· Multiple PSRS_OFFSET values are semi-statically configured by the eNB and the appropriate value is used according to the transmission mode of SRS and the transmission mode of PUSCH.

· PSRS_OFFSET value or an adjustment is signaled dynamically when aperiodic SRS is scheduled.

Proposal: mulitple PSRS_OFFSET values are semi-statically configured by the eNB and the appropriate value is used according to the transmission mode of SRS and the transmission mode of PUSCH.
5 Summary and Proposal
Based on the discussions given in the previous sections, the following are proposed:

· No standard support for antenna gain imbalance compensation.
· No transmission format based power offset (kS other than zero) for PUSCH transmission mode 2 in Rel-10.
· Reset the power control status of a power control process when the transmission mode of an associated channel is changed.
· Mulitple PSRS_OFFSET values are semi-statically configured by the eNB and the appropriate value is used according to the transmission mode of SRS and the transmission mode of PUSCH.
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