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1. Introduction

Introduction of dual stream MIMO transmission for HSUPA [1], [2] will imply extension of the existing scheduling and E-TFC selection principles. The Node B will need to decide on whether to use a rank-1 or rank-2 transmission and provide to the UE sufficient grant information for it to be able to select one or two E-TFCs for the transmission. Though rank selection principles may be left at discretion of the NodeB implementers, the specification should define the rules for the primary and secondary stream E-TFC selection by the UE and an extended Node B grant format for the case of a rank-2 transmission.

This document discusses scheduling and E-TFC selection principles for UL MIMO operation.
First of all, it is necessary for the Node B to convey to the UL MIMO-configured UE the information about the recommended transmission rank. This can be achieved in a number of ways, however, is not analysed in this document.

For rank-1 transmissions, the DL grant channel information and E-TFC selection principles are assumed to be unchanged relative to the CL-BFTD mode. Hence, the discussion focuses on the parameters to be signalled as additional DL grant information for the case of a rank-2 transmission and the principles of E-TFC selection by the UE for the primary and secondary spatial channels in the case of rank-2. 
2. UL MIMO Architecture

The scheduling and E-TFC selection principles discussed in this paper apply to 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]. More discussion about the motivation to consider this architecture is provided in [3]. 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. 

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. Precoding with the secondary weight vector allows the S-E-DPCCH power to contribute to the T2TP ratio over the secondary stream so that the S-DPCCH power can be decreased. Precoding with the primary weight vector will require all the pilot power for the secondary stream to be provided by the S-DPCCH so that the total transmitted power will increase. However, more reliable decoding of the S-E-DPCCH may be ensured if the channel is sent on the primary stream.
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Figure 1. UL MIMO physical channel structure

3. UL MIMO Scheduling and E-TFC Selection Principles
3.1. Scheduling and E-TFC selection for SIMO and CL-BFTD (MIMO rank 1 operation)

The scheduling principles currently in use by the single stream transmission mode include allocation of a transmission serving grant SG to the UE with the grant level defining the allowed increase of the E-DPDCH transmission power over the DPCCH transmitted power level. The allowed grant value is translated by the UE to the TB size and E-TFC to be used for the transmission. To guarantee that the required BLER performance target is met and consequently that the corresponding SINR is achieved for the E-DPDCH channel after the equalizer, operation of ILPC and OLPC power control loops is employed to adjust the transmit DPCCH power to the necessary level. Hence, the transmit power control and data rate selection are bound for legacy single stream HSUPA operation. These principles hold for both SIMO and CL-BFTD transmission modes. 
Since rank-1 transmissions for UL MIMO coincide with the CL-BFTD mode for all the proposed (discussed) UL MIMO architectures, the straightforward solution is to keep the same scheduling and E-TFC selection procedures for rank-1 UL MIMO. 
3.2. Scheduling and E-TFC selection for MIMO rank-2 operation
For rank-2, operation of the primary stream is very similar to the operation of the CL-BFTD. This is so because the UL MIMO transmit power control is proposed ([4], [5]) to be an extension of the CL-BFTD transmit power control scheme with a single ILPC and a single OLPC loops operating over the primary beamformed spatial channel. Hence, the E-TFC selection and grant signaling procedures for the primary spatial channel of rank-2 UL MIMO are proposed to be kept as for the SIMO/CL-BFTD modes. 
For rank-2, the serving grant SG signaled over the E-AGCH/E-RGCH downlink control channels is proposed to be interpreted as the grant for the primary stream only. An alternative interpretation may be to consider the primary channel grant to be 3 dB below the signaled value and, hence, the total grant equally split between the two traffic channels. The latter case would make sense if the transmit power would be the resource scheduled by the Node B. Then the signaled grant value SG would have the same interpretation of the total transmit power for rank-1 and rank-2 transmissions. However, the actually controlled resource is the Node B received power. The primary and secondary spatial channels of the rank-2 transmission would be generating different amounts of the received power at the equal level of the transmit power. Hence, the same SG value will result in different received power levels at the Node B when switching from rank-1 to rank-2 in any case and that would need to be taken into account by the Node B at the scheduling process. Either way, the same SG value results in different Node B received power for rank-1 and rank-2 transmissions, hence it is considered to be more logical to interpret SG for rank-2 as the grant value for the primary stream only. That would result in the same amount of the received power generated by the primary stream for rank-1 and rank-2 transmissions at the same SG value.

The transmit power control for the secondary spatial stream of the UL MIMO is planned to be done using a different approach than for the primary stream. A direct extension of the SIMO/CL-BFTD transmit power control scheme to the two streams would involve adding second ILPC and OLPC loops leading to power inefficiency [4], [5] with higher power being allocated to the secondary spatial stream having a weaker beamformed channel. The proposed approach in this paper and some other contributions (see, e.g., [6]) is to set the S-E-DPDCH power equal to the E-DPDCH power level. Then, since the channel conditions are different for the two spatial streams, the same E-TFC cannot be selected for both primary and secondary spatial streams and some additional control information has to be transmitted in the downlink as part of the rank-2 grant. 

A further requirement for UL MIMO design [1] that is also applicable for the secondary stream E-TFC selection is the maximum commonality with the existing UE procedures. The single stream E-TFC selection procedure is currently defined in [7] (Section 11.8.1.4) with the TB size calculated as a function of the SG among the other parameters. Taking into account the maximum commonality requirement, the additional control information should be defined such that to allow the UE to use the same procedure for the secondary stream E-TFC selection (as for the primary one) with only minimal changes.
To develop such an extension, Figure 2 illustrates the correspondence between the transmit power for the the E-DPDCH and S-E-DPDCH physical channels and the SINR of these channels after the equalizer (receiver).
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Figure 2. Illustration of the transmit power level and the post-receiver SINR difference for the E-DPDCH and 
S-E-DPDCH physical channels
As shown in Figure 2, though the transmit power is equal for E-DPDCHs and S-E-DPDCHs, the post-receiver SINR is different with the E-DPDCH post-receiver SINR being higher by some difference value (SINR. 
 Knowledge of the post-receiver SINR difference can be used in order to select the E-TFC for the secondary stream using the same legacy E-TFC selection procedure but with the modified serving grant level SG. The S-E-DPDCH E-TFC selection procedure is proposed to be agreed as follows. The SD (SINR Difference) parameter is proposed to be introduced and signaled by the Node B as part of the downlink grant. Upon reception of the downlink grant message, the UE will need to calculate a ratio of the SG and SD parameters (if the grants are expressed in a linear scale or a difference of these two parameters if expressed in dB) to get an effective grant value for the secondary stream. This effective grant value is applied for the E-TFC selection purposes only, the actual transmission power of the S-E-DPDCH channel remains unchanged and equal to the E-DPDCH power.  Then the secondary stream E-TFC selection is implemented utilizing the same procedure as for the primary stream and the SIMO / CL-BFTD modes described in [7] (Section 11.8.1.4) but taking the SG to SD ratio instead of the SG grant value. An illustration of the correspondence between the SG and SD parameters for UL MIMO E-TFC selection is provided in Figure 3.
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Figure 3. Illustration of the the correspondence between the SG and SD parameters for UL MIMO E-TFC selection (in log scale)
Hence, the additional transmission grant parameter for a rank-2 transmission is proposed to be the SD that is indicative of the E-DPDCH (primary stream) to the S-E-DPDCH (secondary stream) post-receiver SINR ratio (in linear scale or difference in log scale) (SINR.
The exact procedure for determination of the SD parameter is left implementation specific for the Node B manufacturer. If the Node B is not able to measure the S-E-DPDCH post-receiver SINR directly (for example, when rank-1 transmissions are ongoing), the SINR still may be predicted. The prediction may be based on the assumed transmit power levels for a rank-2 transmission and the complete MIMO channel knowledge obtained by the Node B using the DPCCH and S-DPCCH pilot channels in both cases of rank-1 and rank-2 transmissions. The application of the SD parameter for the secondary stream E-TFC selection should be agreed as proposed above. 
The SD parameter can be derived from the E-DPDCH to S-E-DPDCH post-receiver SINR difference and may be additionally adjusted to ensure the BLER performance of the secondary spatial stream. For example, the additional margin  (BLER may be adaptively derived based on the secondary stream CRCs status with the help of the procedure similar to the OLPC operation but implemented in the NodeB (not RNC as for the OLPC). In that case the SD calculation will be:
SD = (SINR + (BLER (log scale) or SD = (SINR × (BLER (linear scale)
The provided methodology for the secondary stream E-TFC selection is similar to the one described in [8], however, the post-receiver SINR difference between the E-DPDCH and S-E-DPDCH channels is proposed to be used instead of the DPCCH and S-DPCCH power difference as in [8]. 

Signaling of the SD parameter should be part of the downlink control information channel and is considered in [9]. 

4. Conclusion

This paper discusses principles for UL MIMO scheduling for rank-1 and rank-2 transmissions. For rank-1 transmissions, the scheduling and grant signaling mechanisms are proposed to be kept unchanged relative the CL-BFTD mode.
The following working assumptions are proposed to be agreed:

· The grant signalling and E-TFC selection for the primary spatial channel of rank-2 transmissions are reused from the SIMO/CL-BFTD case. 
· For rank-2, the grant value used for the E-TFC selection procedure of the primary stream is equal to the serving grant value SG signaled using the E-AGCH and E-RGCH channels;
· Additional control information has to be provided to the UE as part of the grant message in order to assist the E-TFC selection for the secondary spatial channel done by the UE. Such information is proposed to be the SD parameter that is introduced as a ratio (or difference in a log scale) of the post-receiver SINR for the E-DPDCH and S-E-DPDCH physical channels that is adjusted by some margin in order to ensure the required BLER performance of the S-E-DPDCH channel. 
· The E-TFC selection procedure for the secondary stream includes finding a ratio (in a linear scale or a difference in a log scale) of the SG and SD parameters and then applying the traditional E-TFC selection procedure but taking the SG to SD ratio instead of the SG grant value.
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