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1 Introduction

The WI to introduce MIMO with 64QAM for HSUPA [1] enables higher throughput to be achieved in the uplink.  In this contribution we will discuss the following issues:

1) Inner loop power control rate

2) Power scaling  
2 Discussions
2.1 Inner Loop Power Rate

In [2], it was proposed that a slow inner power control rate of 500 Hz as opposed to the current rate of 1500 Hz is considered for UL MIMO operation.  This is to ensure a constant transmit power on the traffic channel during the TTI on both streams.   However, the following should be noted [3]:

· Per-slot power control at 1500Hz has always been used for E-DPDCH, including for UL TxD, and non-linear equalising receivers may already exist which have no problem coping with power variations within a TTI.

· Channel variations anyway give rise to fluctuations in received power significantly greater than 1dB within a 2ms period. 

· Other channels such as DPCCH and HS-DPCCH are transmitted in parallel with E-DPDCH, and a change to the power control rate of these legacy channels is not desirable. Therefore a reduction in the power control rate of E-DPDCH for MIMO would result in different power control rates for DPCCH and E-DPDCH, which would result in varying power offsets between the DPCCH and E-DPDCH during the TTI. A variation in the pilot-data power ratio during a TTI is much more problematic for the E-DPDCH demodulation than a change in absolute power of the E-DPDCH. Moreover, the NodeB receiver would not be able to reliably predict or take into account these pilot-data power ratio variations, because of TPC errors on the DPCCH. 

· When the UE reaches maximum power, power scaling is defined to avoid the UE exceeding its maximum power. The update of this power scaling occurs at every DPCCH slot boundary. Therefore, even if the power control rate were to be reduced for the E-DPDCH, it would not remove the fact that the E-DPDCH power would in some situations still change at the slot boundaries during a TTI. 

· If the power control rate were to be reduced for UL MIMO, it is not clear what the behaviour would be when the E-DPDCH is transmitted with rank-1in certain TTIs due to the inability of the channel to support rank-2. If the power control rate continued at the lower rate of 500Hz, there would be two different ways of transmitting rank-1 E-DPDCH in the specifications, which unnecessarily doubles the effort of testing and implementation. On the other hand, dynamic adaptation of the power control rate according to the rank of the transmission would be highly complex and unreliable. 

· It is also shown in [4] that the gain in using a slow ILPC vs a fast ILPC is offset by having better channel estimator at the NB (e.g. LMMSE channel estimator)

For these reasons, we do not see any significant benefit, and we believe there are several significant drawbacks, to reducing the TPC rate for E-DPDCH with UL MIMO.
Proposal 1: The power control rate for E-DPDCH with UL MIMO is 1500Hz.
2.2 Power Scaling

It is possible that a UE with a rank-2 channel may reach maximum power, and therefore power scaling behaviour needs to be defined for rank-2 transmission in section 5.1.2.6 of TS25.214.  
In RAN1#68bis, the following working assumption was made:

Operation when the E-TFC selection for rank 2 is transmit power limited rather than grant limited:

· As long as the E-TFC selection does not fall back to rank 1, the equal power of E-DPDCHs and S-E-DPDCHs is maintained

However, given that the transport blocks transmitted on the two streams with UL MIMO are independent, we believe it is better to try to support the continued successful transmission of one transport block than to degrade the transmission of all transport blocks. Therefore we propose that the working assumption is confirmed only for the case when there is no power scaling, whereas when power scaling is employed, the scaling should take place first on the secondary stream: 
Proposal 2: The working assumption that “the equal power of E-DPDCHs and S-E-DPDCHs is maintained” is confirmed for the case when there is no power scaling.  When the UE reaches maximum power, the power of the S-E-DPDCHs shall be scaled down (if necessary to zero) before the power of the primary E-DPDCHs is scaled. The power of all S-E-DPDCHs shall be scaled equally. Any scaling of the primary E-DPDCHs would follow the existing rules if necessary after the power of all S-E-DPDCHs has been reduced to zero. 

3 Conclusion
In this contribution we discuss the inner loop power control rate and power scaling during rank 2 transmission.  We propose the following:

Proposal 1: The power control rate for E-DPDCH with UL MIMO is 1500Hz.
Proposal 2: The working assumption that “the equal power of E-DPDCHs and S-E-DPDCHs is maintained” is confirmed for the case when there is no power scaling.  When the UE reaches maximum power, the power of the S-E-DPDCHs shall be scaled down (if necessary to zero) before the power of the primary E-DPDCHs is scaled. The power of all S-E-DPDCHs shall be scaled equally. Any scaling of the primary E-DPDCHs would follow the existing rules if necessary after the power of all S-E-DPDCHs has been reduced to zero. 
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