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1. Introduction

During the UL MIMO study item, several alternatives to the UL MIMO architecture design were proposed and evaluated [1]. Three basic MIMO architectural options (I, II, and III) were defined that differ with respect to the number of the transmitted code words (Transport Blocks – TBs) over the two spatial streams (one for option I and two for options II and III) and mapping of the primary and secondary traffic channels to the two spatial streams in case of the two TBs (independent mapping for option II and interleaved mapping for option III).
This paper provides further consideration of different MIMO architectural options and makes a specific proposal on the UL MIMO physical channel structure design. The case of rank-2 UL MIMO transmissions is considered assuming that rank-1 transmissions are fully equivalent to the CL-BFTD mode.
2. Number of Transmitted Codewords (Transport Blocks) for UL MIMO
A comparison of a single TB (option I) and dual TB (options II, III) UL MIMO architectures was carried out in [1]. 

The main advantage of the single TB architecture (option I) is that no additional control signaling relative to the CL-BFTD is required except for the rank-1/rank-2 selection and support for larger E-TFCs. However, performance of UL MIMO option I was found to be below the dual TB architectures [1]. 

Dual TB architectures (options II and III) analyzed in [1] show a performance gain over the single TB architecture (option I). An additional advantage of the dual TB approach is their suitability for application of successive interference cancellation (SIC) receivers that are not applicable for option I. Hence, despite additional control signaling needed for the dual TB architecture (to transmit the second grant and ACK/NACK for the two H-ARQ processes), the dual TB scheme is proposed to be agreed for UL MIMO.
3. Mapping of E-DPDCH and S-E-DPDCH onto Primary and Secondary Spatial Channels
Comparing dual TB MIMO architectures with independent (option II) and interleaved (option III) mapping of the E-DPDCH and S-E-DPDCH onto the spatial streams, it should be noted that MIMO option II has an advantage of being able to independently adapt the data rates over the two streams. An E-TFC providing the needed BLER performance can be independently selected for each traffic channel.
For MIMO option III, the BLER performance depends on the post-receiver SINR levels in both spatial streams. In order to gain insight into the SINR operating point, BLER in the AWGN channel was measured as a function of two SINR values in the first and second spatial streams, respectively. Level lines for the BLER equal to 10% as a function of the two SINR arguments are plotted in Figure 1for MIMO option III and different TB sizes.
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Figure 1. Level lines for BLER =10% as a function of the per symbol SINR in the two spatial streams for MIMO option III transmission for different TB sizes shown in the legend
It may be seen from Figure 1 that, for full utilization of the total received power over the two spatial streams, certain combinations of the post-receiver SINR values in the streams (shown by the level lines) are required and depend on the used E-TFC (or, equivalently, TB size). For the highest E-TFCs, which are needed to realize the MIMO gain, a small SINR loss in one stream must be compensated by much higher SINR increase in the other stream. Since the transmission power is the same for the two streams (adaptive power allocation is not considered because of complexity reasons), the received SINRs are a function of the propagation channel. Thus, a significant imbalance between the stream SINRs may lead to power-inefficient rank-2 transmission.
A performance superiority of MIMO option II over MIMO option III because of the discussed reasons was demonstrated in previous contribution [2] and UL MIMO TR [1]. 
Hence, it is proposed to agree on the dual TB UL MIMO architecture with independent traffic channels mapping onto the spatial streams (MIMO option II) as a working assumption. An additional advantage of this approach is its commonality with the HSDPA MIMO traffic channels transmission.
4. Physical Channel Structure
This section proposes a physical channel structure for a dual TB UL MIMO architecture with independent E-DPDCH and S-E-DPDCH traffic channel mapping onto the spatial streams as discussed above. The assumed UL MIMO physical channel structure is shown in Figure 2. 
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Figure 2. UL MIMO physical channel structure

Precoding of the physical channels is done so that the DPCCH is transmitted on the primary spatial stream and S-DPCCH on the secondary spatial stream. The main motivation for this approach is to use the same pilot scheme as for the CL-BFTD mode. The main advantage of this scheme is the ability of non-CL-BFTD / MIMO enabled non-serving Nodes B to decode the TB transmitted over the primary spatial stream. 

The E-DPDCH is precoded with the primary weight vector and the S-E-DPDCH with secondary weight vector according to the selected UL MIMO architecture. 

The E-DPCCH should also be transmitted over the primary spatial stream so that to be aligned with the DPCCH and the E-DPDCH in order to keep the property of the primary stream TB decodability for non-CL-BFTD / MIMO enabled non-serving Nodes B.

The S-E-DPCCH is shown in Figure 2 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. For the S-E-DPCCH transmission over the first spatial stream, an advantage is its high reliability. A disadvantage is that its power cannot be used as pilot reference to assist channel estimation for the secondary spatial stream as done for the primary stream with the E-DPCCH channel. When the S-E-DPCCH is transmitted over the secondary spatial channel, there is a disadvantage of its lower reliability, but an advantage is that the S-E-DPCCH channel power can assist the channel estimation of the secondary spatial stream. It should be noted that for a rank-1 transmission, the S-DPCCH power can be set lower than for a rank-2 transmission. The reason is that for rank-1, the secondary stream pilot power mainly impacts the quality of the TPI selection and only partially the channel estimation quality for the E-DPDCH traffic channel. However, for rank-2, higher channel estimation quality and consequently higher secondary stream pilot power need to be provided to decode the S-E-DPDCH channel. Hence, a transmit power efficient mode may be implemented by sending the S-DPCCH pilot at the power level sufficient for rank-1 operation and then adding additional pilot power to the secondary stream by transmitting the S-E-DPCCH at rank-2 TTIs. Hence, if the decoding performance for the S-E-DPCCH is verified not be a problem, the S-E-DPCCH is proposed to be sent using the secondary spatial stream.

Equal transmit power is assumed for the E-DPDCH and S-E-DPDCH traffic channels on the primary and secondary spatial streams. The E-DPDCH power is set relative to the DPCCH and the DPCCH power is controlled by the ILPC and OLPC schemes operating over the primary spatial stream. The E-DPCCH power is defined as for the SIMO and CL-BFTD modes to provide the necessary traffic-to-total-pilot (T2TP) ratio. The S-DPCCH power is fixed relative to the DPCCH as for the CL-BFTD mode. The S-E-DPCCH power setting will depend on whether this channel is precoded with the primary or the secondary weight vector as discussed above. The details and the motivation of the proposed power control scheme for each of the channels are provided in [2].

5. Conclusion

This paper considered UL MIMO physical channel structure alternatives and proposed to agree on the structure with next main characteristics:
· Dual TB transmission;

· Independent mapping of the E-DPDCH and S-E-DPDCH spatial channels to the two spatial streams;

· The DPCCH, E-DPCCH, and E-DPDCH channels are precoded with the primary weight vector;
· The S-DPCCH and S-E-DPDCH channels are precoded with the secondary weight vector;

· The S-E-DPCCH is precoded with the secondary weight vector, if the decoding performance is verified not to be an issue.
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