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1. Introduction
During RAN1#68-bis meeting [1] the agreement has been reached that at UL MIMO transmissions, E-TFC selection for rank-1 is done using the legacy procedure as for SIMO/CL-BFTD. In that case the E-TFC selection is based on the serving grant SG parameter that defines both the E-TFC and the transmit power level.
For rank-2, the primary stream (E-DPDCHs) E-TFC selection has been agreed to be done as for rank-1 but an additional offset SD1 can be signaled to be applied to the SG parameter prior to the E-TFC selection (not impacting the transmit power level). The need and the effectiveness of using that SD1 parameter have been left FFS.
The secondary stream (S-E-DPDCHs) stream E-TFC selection for rank-2 has been agreed to be done using the legacy procedure with the SG parameter modified by the additionally signaled SD2 parameter (or using the SD2 parameter only).
This contribution considers the approaches to the primary stream rank-2 E-TFC selection when the SD1 parameter is not used (power-based scheduling) and when it is used (SINR-based scheduling) and proposes adoption of the SINR-based scheduling approach.
2. Approaches to E-TFC Selection for Primary Stream of Rank-2 Transmission
2.1. Power-Based Method
The power-based method is referred to the traditional HSUPA scheduling and E-TFC selection mechanism. For that approach the serving grant SG simultaneously defines the transmission power level and the E-TFC. The SG value is selected relative to the current DPCCH power level based on the available RoT budget. The proportionality of the E-DPDCH post-receiver SINR to the transmit power level is assumed by the method that holds well for the low SINR operation regime of traditional WCDMA systems but may not work well for the high SINR operation regime where MIMO and 64QAM transmissions are expected to happen. Deviations from the proportional SINR increase with the transmit power increase are compensated by the outer loop power control (OLPC) with increasing or decreasing the DPCCH SIR target for the internal loop power control (ILPC) tracking. A detailed discussion of the power-based scheduling and E-TFC selection methods was provided in [2].

The main advantage of the power-based approach if applied to UL MIMO is its compatibility with the SIMO and CL-BFTD scheduling and E-TFC selection methods. Downlink control signaling savings are also achieved by not transmitting the SD1 parameter. The main limitations of the approach are in its non-ability to provide efficient rank switching and also not achieving full efficiency of the fixed rank operation in comparison with the SINR-based method described below. A modified power-based scheduling approach was proposed in [2] that improves efficiency of the rank selection. The modified power-based method [2] considers virtual predicted DPCCH power levels when scheduling a transmission of the opposite rank relative to the rank currently being used in order to achieve more effective rank selection operation.
Performance characteristics of the power-based approach are provided in the accompanied contribution [3].
2.2. SINR-Based Method
As described above, the existing scheduling procedures for HSUPA combine power control and E-TFC selection mechanisms that is not optimal in many practical situations especially when operating in the high SINR regime. A more general approach should allow independent power control (based on the received power level and the allowed received power budget) and E-TFC selection (based on the post-receiver SINR value). Such approach is already selected for the secondary stream for rank-2 HSUPA MIMO transmission (where the transmit power for the S-E-DPDCHs is set equal to the power of the E-DPDCHs, and the E-TFC is selected based on the combination of the SG and SD2 or SD2 only parameter). Similar methods are also adopted for HSDPA transmissions as well as many other wireless communication systems.

If the introduction of the SD1 parameter is adopted, the SINR-based E-TFC selection method can be realized in the primary stream of rank-2 HSUPA MIMO transmission. In that case the power control should be decoupled from the scheduling procedures and the operational principles should be defined as follows:

· For the E-TFC selection, the combination of the SG and SD1 parameters should allow UE to estimate the post-receiver SINR level at the NodeB and select the E-TFC that would provide the maximum throughput at the required BLER performance.
· For the power control, the ILPC should track the total received power versus the allowed RX Ec/No budget or control the DPCCH received power level. As the allowed level for the total received power may be changed by changing the transmit power grant value SG, the DPCCH received power is assumed to be a more appropriate metric for the ILPC operation. The power of all other physical channels relative to the DPCCH is wholly defined by the SG parameter and is set the same as for the legacy operation. The OLPC operation should be disabled as the target DPCCH SIR is not included in the power and E-TFC selection procedures.
· In order to ensure the necessary BLER performance, the marginal control loop should be introduced to adjust the SD1 parameter based on outcomes of the previous transmissions (similar to the legacy OLPC operation) prior to signaling the parameter to the UE. Such control loop has already been considered for the secondary stream SD2 parameter adjustment [4].
An illustration of the transmit power levels for the primary and secondary streams of a rank-2 UL MIMO transmission and the grant levels passed to the E-TFC selection function for the SINR-based scheduling method is given in Figure 1.
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Figure 1. SINR-based scheduling by SD1 and SD2 parameters in the case of a rank-2 UL MIMO transmission

Adoption of the SINR-based scheduling method will allow achieving higher throughput performance and more efficient received power budget utilization (as illustrated by the simulation results in [3]) and also introduce a more robust scheduling mechanism for effective rank switching. The DL control signaling overhead associated with transmission of the SD1 parameter is not considered being an essential issue for the overall system performance. Therefore, the following is proposed:
· Proposal 1: The SINR-based method is adopted for scheduling the primary and secondary streams of a rank-2 UL MIMO transmission.
· Proposal 2: For a rank-2 UL MIMO transmission, the power of the E-DPDCH and S-E-DPDCH channels is defined by the serving grant SG signaled by the NodeB. The legacy function is used for the E-TFC selection, however, the grant level SG is adjusted for the primary and secondary streams prior to passing to the E-TFC selection function. The adjustment is done by values of the SD1 and SD2 parameters respectively and these parameters are also signaled by the NodeB.
· Proposal 3: Power control operation for a rank-2 UL MIMO transmission uses the received DPCCH power level as the ILPC control parameter and the OLPC operation is disabled.
3. Conclusion

This contribution considered the power-based and SINR-based methods of the E-TFC selection for the primary stream of a rank-2 UL MIMO transmission and proposes to adopt the SINR-based scheduling approach:
· Proposal 1: The SINR-based method is adopted for scheduling the primary and secondary streams of a rank-2 UL MIMO transmission.

· Proposal 2: For a rank-2 UL MIMO transmission, the power of the E-DPDCH and S-E-DPDCH channels is defined by the serving grant SG signaled by the NodeB. The legacy function is used for the E-TFC selection, however, the grant level SG is adjusted for the primary and secondary streams prior to passing to the E-TFC selection function. The adjustment is done by values of the SD1 and SD2 parameters respectively and these parameters are also signaled by the NodeB.

· Proposal 3: Power control operation for a rank-2 UL MIMO transmission uses the received DPCCH power level as the ILPC control parameter and the OLPC operation is disabled.
The simulation results for the proposed approach are provided in [3].
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