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1 Introduction

On uplink power control, the following has been agreed at the RAN1 #62b meeting:
-
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)
In this contribution, the remaining issues on multi-antenna uplink power control and power scaling are discussed.
2 Multi-antenna uplink power control
2.1 Compensation for Antenna Gain Imbalance (AGI)
Whether Antenna Gain Imbalance (AGI) should be compensated has not been decided in RAN1. As shown in the contributions in the past meetings, the disadvantages of AGI compensation include:

· increased PHR complexity;
· increased UE power consuming due to compensation for the antenna with large pathloss;
Moreover, for the cell-edge UEs that are power limited, it may not be reasonable to allocate the limited power to the worst-case antenna for compensating the AGI between multiple antennas. Therefore, the employment of AGI compensation results in the performance degradation of cell-edge UEs. According to the simulation results provided in [1], the AGI compensation gain may be achieved only when UE transmits in the low-power region. However, when UE transmits in the high-power region, a negative gain was observed.
In summary, the impact of AGI compensation to specifications and its potential benefits need further discussions. Considering the tight Rel-10 time frame, it is suggested that AGI should not be included in Rel-10.
Proposal 1: AGI compensation is excluded in Rel-10.
2.2 Value of Delta_TF
In the Rel-8/9 type uplink power control, the eNB is able to control the UE power for helping the UE to select Transmission Format (TF), when TF-based power control is enabled by setting Ks = 1.25. More specifically, there is a one-to-one mapping between the transmit power and TF selection, which can be achieved by using delta_TF in the power control formula. However, such a mapping mechanism for multiple codewords appears to be more complex in the uplink MIMO scenario. Although there may exist some kind of mapping relation between TF selection and the attainable gains of the eigen channels between the UE and the eNB, it is not as straightforward as that in Rel-8/9. More precisely, the characteristics of eigen channels depend on many factors, such as for example the time-varying MIMO channel, PMI selection, eNB receiver design, etc. Therefore, further studies on the mapping between transmission power and TF selection for multiple codewords are required.
Proposal 2: TF-base power offset is not used in Rel-10, namely to set Ks = 0 in Rel-10.
3 Power scaling
In [2], simple and straightforward equal and unequal power scaling formulas for calculating power scaling weights are given, as defined by Eq. (1) and Eq. (2), respectively:
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 is the pre-allocated power before truncation. More details can be found in [2].
The problem of Eq. (1) is that equal power scaling may result in higher BLER, especially for those UEs with low geometry on specific CCs, since they are more sensitive to power reduction. From this perspective, the unequal scaling scheme presented by Eq. (2) may be more appropriate. Moreover, wc for all CCs may converge to a value not larger than unity after a few iterations. According to Eq. (2), the higher the pre-allocated power exceeds Pcmax,c, the less the power is scaling down.
On the other hand, the unequal power scaling scheme attempts to maintain the transmit power of the worse-case UEs who are allocated a larger power. This will be problematic for those UEs with low geometry on some specific CCs, who may require power much larger than Pcmax,c. In this case, even if the power scaling scheme ensures the maximum CC-specific power, namely allowing the UEs to reach Pcmax,c, the transmission might fail due to low geometry. In such cases, instead of guaranteeing little power scaling down on the vulnerable CCs, it may be more reasonable not to allocate power on them at all, namely to set the transmit power to zero on some worst-geometry CCs. In other words, the CC aggregation level is reduced, which is more applicable for the low-geometry UEs that are power sensitive. However, it needs further studies to investigate the threshold value needed for activation of setting the power scaling weight to zero. Considering the tight Rel-10 time frame, it is therefore proposed to adopt equal power scaling in Rel-10.
Proposal 3:  Equal power scaling is preferred in Rel-10.
4 Conclusion
In this contribution, we have discussed some remaining issues on uplink power control for multiple antennas in Rel-10. Our recommendations are summarized as follows:
Proposal 1: AGI compensation is excluded in Rel-10.
Proposal 2: TF-base power offset is not used in Rel-10, namely to set Ks = 0 in Rel-10. REF _Ref276734715 \h 

Proposal 3:  Equal power scaling is preferred in Rel-10.
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