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1. Introduction

Transmit power control (TPC) is essential part of the HSUPA systems architecture. Adding secondary E-DPDCH (S-E-DPDCH) and secondary E-DPCCH (S-E-DPCCH) channels for HSUPA MIMO would require extending the TPC principles to provide power control for all the transmitted physical channels. Two design criteria can be formulated for such extension:
· Overall effectiveness of the UL MIMO system operation;

· Maximum similarity to the TPC architecture to the SIMO and CL-BFTD modes.

This paper discusses different approaches to design of the UL MIMO TPC scheme and makes several proposals with regard to its different aspects.
2. UL MIMO Architecture

his paper considers the UL MIMO physical channel structure using transmission of two transport blocks (TBs) with independent (non-interleaved) mapping of the E-DPDCH and S-E-DPDCH physical data channels over the primary and secondary spatial streams respectively [1] (MIMO Option II). The assumed UL MIMO physical channel structure is shown in Figure 1. 

Precoding of the physical channels is done so that the DPCCH, E-DPCCH, and E-DPDCH are transmitted on the primary spatial channel and S-DPCCH and S-E-DPDCH on the secondary spatial channel. The S-E-DPCCH is shown in Figure 1 to be precoded with the secondary weight vector. However, precoding using the primary weight vector may also be considered as a possible option and this will have an impact on the power setting for the S-DPCCH and S-E-DPCCH channels. 
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Figure 1. UL MIMO physical channel structure
3. UL MIMO TPC Scheme
3.1. UL MIMO TPC Aspects
Definition of the complete UL MIMO TPC architecture would require specifying the next main aspects of the UL MIMO TPC scheme:
· Adaptive or fixed (equal) power allocation between the physical channels on the two spatial streams;

· Inner loop power control scheme;

· Outer loop power control scheme;

· Rate of TPC commands;

Design tradeoffs with respect to these aspects and proposals for the TPC scheme implementation are considered in the next subsections.

3.2. Power Allocation between Spatial Streams
For single stream SIMO/CL-BFTD transmissions, the transmit power of the E-DPDCH, E-DPCCH, and S-DPCCH (for the case of CL-BFTD) channels is fixed relative to the DPCCH pilot power level (unless the transmission grant is changed). Generally, an additional S-E-DPDCH traffic channels introduced for UL MIMO and transmitted at the secondary spatial stream can either have a fixed power ratio to the DPCCH pilot power or have an adaptive power ratio with the DPCCH and E-DPDCH channels. In the latter case, either the second ILPC needs to be added to dynamically control the S-DPCCH power similar to the DPCCH channel and have the S-E-DPDCH power fixed relative to the S-DPCCH level or some different mechanism needs to be proposed.
The power allocation between the data channels transmitted on the primary and secondary (S-E-DPDCH) spatial channels can have either a fixed ratio or change adaptively relative to each other. Generally, adaptive power allocation to the two spatial streams using a water pouring strategy would result in some capacity gain. However, that gain would come at the expense of an additional complexity increase for the control of adaptive power split between the channels. 
Another consideration is that the most straightforward extension of the TPC scheme for adaptive power setting of the S-E-DPDCH channel power is adding the secondary ILPC and OLPC loops to control the S-DPCCH power and have the S-E-DPDCH power level fixed relative to the S-DPCCH pilot [2], [3]. However, such extension would result in more power allocated to the weak spatial stream. That will lead to power inefficiency and actually counteracts the optimal water pouring strategy principles where more power is put to a stronger channel and less to a weaker one. Since a totally different mechanism will be required to effectively introduce adaptive E-DPDCH to S-E-DPDCH power setting.
An alternative approach with the S-E-DPDCH power setting is to have it fixed relative to the E-DPDCH power level. A reasonable assumption is to have equal powers of the E-DPDCH and S-E-DPDCH channels. Despite some potential performance loss relative to the optimal adaptive scheme, this approach would require minimal changes relative to the SIMO and CL-BFTD modes and minimal additional control signaling. This approach is proposed as a working assumption.
In this case, the S-DPCCH will be set relative to the DPCCH or the DPCCH and E-DPCCH using higher layer signalling as in the CL-BFTD implementation.
The S-E-DPCCH power setting is also proposed to be introduced relative to the DPCCH channel but the actual level of transmitted S-E-DPCCH power will depend on whether the stream is precoded with the primary or secondary weight vector. Precoding with the primary weight vector will assume the only function of the S-E-DPCCH channel to be carrying the control information regarding the secondary stream transmission and the power level will need to be selected to ensure the needed decoding performance. Transmitting the S-E-DPCCH at the secondary spatial stream will potentially assume the channel having the functions of the control signaling and also providing additional pilot power for the stream. In that case higher S-E-DPCCH power (than if precoded to the primary stream) may be needed to provide the required decoding performance. However, an overall power reduction may be achieved since the S-DPCCH power can decreased because the required T2TP ratio will be provided by both S-DPCCH and S-E-DPCCH channels.
3.3. Inner Loop Power Control Scheme

The inner loop power control (ILPC) scheme is proposed to include one loop operating over the strong spatial channel. An alternative scheme including two ILPC loops for strong and weak spatial channels has a power inefficiency disadvantage as considered in the above section and an additional drawback of less reliable channel estimation with independent DPCCH and S-DPCCH pilot power setting as pointed out in [2]. For two ILPCs operation, the Node B needs to track the TPC commands provided for each spatial stream in order to keep the knowledge of the power ratio between the two pilot channels so that to be able to reconstruct the MIMO channel at its estimation.
Operation of the ILPC over the primary spatial stream ensures maximum commonality with the CL-BFTD design and, as for the CL-BFTD, allows non-serving Nodes B to decode the primary data channel while being not capable of CL-BFTD or MIMO processing.
3.4. Outer Loop Power Control Scheme

Given that a single ILPC operating over the primary spatial channel is assumed, a single outer loop power control (OLPC) scheme should be used to generate the target SIR value for the ILPC. The OLPC is proposed to include one loop driven by the CRCs of the TBs transmitted by the E-DPDCH over the primary spatial stream. Such approach would allow ensuring the required BLER performance on the primary stream. Some alternatives mechanisms (like adaptive changes of the parameters in the E-TFC selection procedure [3],[4]) have to be used for the BLER performance control for the secondary stream.
An alternative approach with the OLPC driven by the CRCs of the two streams will be able to control the BLER jointly for both spatial streams. Depending on the channel conditions, this may result in significant BLER differences in the two spatial streams that would lead to power inefficiency of the system.
3.5. Rate of TPC Commands

The TPC commands rate is proposed in [2] to be slowed down for UL MIMO operation from the standard rate of 1500 Hz (or one command per each slot) to the rate of 500 Hz (or one command per TTI). The main motivation is considered to be the requirement for a constant transmit power level over the TTI duration for effective application of non-linear (e.g., successive interference cancellation – SIC) receivers. Two approaches are proposed with either changing the TPC rate for all the physical channels to 500 Hz during the UL MIMO operation or introduction of a two dimensional power control with different update rates for traffic and pilot channels.
Both of the approaches assume quit significant changes to the existing WCDMA HSUPA architecture and more evidence about the effectiveness and necessity of the TPC command rate slowdown need to be presented. The proposed working assumption is assume the legacy TPC command rate for all the physical channels unless more evidence about the effectiveness of the TPC rate changes are presented.
4. Conclusion

This paper considered main aspects of the transmit power control (TPC) scheme design for UL MIMO. 
The working assumptions about the UL MIMO TPC architecture are proposed to be agreed are as follows:

· S-E-DPDCH channels power is set equal to the power of the E-DPDCH channel;

· One ILPC loop operating over the primary spatial channel (as for the CL-BFTD) is used;

· One OLPC loop driven by the CRCs of TBs transmitted over the primary spatial channels is applied;

· The TPC command rate is assumed to be kept unchanged (1500 Hz) unless more evidence about the benefits of its slowdown is presented.
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