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1. Introduction
At RAN1#45 it was decided to recommend to RAN to consider MIMO for inclusion into Rel-7 ‎[1] and ‎[2]. Per RAN#32 it was further decided to choose PARC for TDD and the D-TxAA scheme for FDD. In ‎[2] D-TxAA was defined as a MIMO scheme based on the multiple codeword principle (MCW) using pre-coding based on the same codebook that is used for closed loop transmit diversity mode 1. Since the ability to perform efficient weight verification does not exist when F-DPCH is configured, it was also noted that the weight vector (index) will be signaled over HS-SCCH to the UE.

In this document we will present further details on the UTRA MIMO scheme intended for Rel-7. We address several important issues that are relevant to the introduction of UTRA MIMO into the Rel-7 specification. For some issues we list several possible options, e.g., HARQ operation, possible signaling channels, etc. The intention is that this can serve as a basis for further discussion in RAN1.
2. UTRA MIMO

The basis for the UTRA MIMO scheme is a pre-coded, dual codeword MIMO scheme. To transmit separate code-words (including CRC) facilitates the use of high performance SIC-based receivers if an improved performance over basic LMMSE is wanted. The code-book (for 2Tx antennas) is taken from the closed-loop transmit diversity mode 1. The used antenna weight index (AWI) is signaled over HS-SCCH, to avoid verification of the AWI in the terminal. In F-DPCH operation, no dedicated pilots exist, hence efficient verification seem to be impossible.  
Next we list, and provide our view, on some important issues not covered by the basic overall description in ‎[2].
2.1. HARQ operation

Two basic HARQ operation schemes can be thought of in conjunction with the dual codeword MIMO scheme described above.

1. Applying separate HARQ processes to the two possible transmitted streams may allow more efficient HARQ performance. Further, if separate signaling (see below) is provided for the two streams, there exists a possibility to decode at least one of them even if some parameters, e.g. from HS-SCCH, is missed. One example is if control signaling for each stream is carried over a separate HS-SCCH, it is possible to decode one stream even if the HS-SCCH for the other stream is not detected correctly. The price for this is an increased overhead in both DL signaling and in UL feedback. 
2. A possible approach for HARQ operation is to have a common HARQ process for the two transmitted streams. Here, a single retransmission is made per TTI, reducing the UL signaling since only one ACK or NAK has to transmitted. The downlink signaling could also be reduced to accommodate only a single retransmission. Alternatively, if the uplink signaling load is not a major issues, a separate ACK/NAK could be transmitted per stream, but the retransmission could be optimized by only retransmitting the corrupted stream. This alternative would not significantly reduce the signaling compared to the alternative 1, but might allow increased downlink capacity compared to unnecessarily retransmitting also the uncorrupted stream. 
In our view, the first approach gives a simpler structure and should be preferred, however the impact on UE and NodeB complexity has to be studied carefully before a firm decision can be made. The first approach will also give a simpler MAC protocol, and reduce the modifications needed for the L2.
2.2. MIMO HS-SCCH

To support MIMO operation we expect that the number of bits needed on the HS-SCCH is basically doubled compared to non-MIMO operation. The increased signaling load comes from the fact that almost all fields in the current HS-SCCH needs to be increased (or doubled). The exact number of bits that needs to be fitted onto a HS-SCCH depends on, e.g., HARQ operation, etc. 
2.3. Antenna weight signaling

The antenna weight index (AWI) needed for choosing the appropriate weight vector in the code-book can be signaled using either the FBI of the DPCCH, or by using, e.g., the HS-DPCCH. We argue that using the latter is to be preferred. Firstly, the FBI fields only exist if CL Tx diversity is configured on that specific radio link. This will in practice force the system into Tx diversity operation as soon as a MIMO user enters the cell. Alternatively, cells where MIMO is supported could always use Tx diversity. Since this might not be the best mode of operation we strongly argue that AWI is fed back via e.g. HS-DPCCH.
In our preferred approach, the AWI is sent using the HS-DPCCH, thus it will benefit from coding, similar to the CQI reports. In contrast, if the uncoded FBI bits are used to signal AWI on the DPCCH, they are subject to higher error probability. Since this error probability may not be matched by the error rate of the coded bits in the HS-DPCCH, the value of the AWI is reduced. Worse, the antenna weights applied at Node B may not match the CQI reports which are based on the “best” antenna weights that the UE chooses. This may result in the CQI reports being overly optimistic, resulting in overly aggressive link adaptation and thus an excessive codeword error rate.

2.4. CQI estimation and reporting

For 1Tx antenna operation, the CQI is estimated using a nominal power and code allocation. The CQI can then be scaled by the NodeB scheduler to compensate for the actual power and code allocation. In case of MIMO operation, the scaling is more complicated due to the reuse of channelization codes on the multiple streams. This becomes even more difficult in case of adapting the number of transmitted streams. If the UE expects dual stream transmission, it will base its CQI estimate on this. If, for some reason, the scheduler chooses to use only one stream, there will be a mismatch between the reported CQI and the one needed in the scheduler.

One way to overcome, or at least reduce, the effect of this would be to feedback not only the CQI representing dual stream transmission, but also the corresponding CQI valid if single stream transmission is obtained. This will, however, increase the CQI feedback load by 50%. However, due to the expected performance gain we believe that this, unfortunately, is needed.
Some methods for reducing the CQI feedback load can be envisioned. The CQI can be differentially encoded, and if the dynamic range is small enough, considerable gain can be expected. However, in this process it is important to take into consideration that different receiver structures may perform very differently. For example, if a SIC based receiver is used, the later decoded stream will have considerably higher SINR than if e.g. LMMSE receivers are used. On the other hand, one might expect that the CQI for the “best” stream and the CQI corresponding to single stream transmission would be closer together, hence the gain with differential encoding might be beneficial.

As of today, the UE bases its CQI reports on a nominal power and code allocation, then simply scaling by the actual power and code allocation results in an error for MIMO. This is due to the code reuse term in the impairment covariance matrix used to form the combining weights that are used in computing the SINR estimate. This is a new issue for MIMO that does not occur in SISO systems, thus it affects the scaling of the dual-stream CQI reports. The effect of this mismatch has to be quantified and if found severe, means for overcome this has to be introduced. This could be additional signaling, such as broadcasting current power/code allocation. Other possible solutions to this problem include additional feedback.
2.5. Support for 4 Tx antennas

The code-book proposed for UTRA MIMO only supports 2Tx antennas at the NodeB. In ‎[3] we present some simulation results using 4 Tx antennas at the NodeB. A substantial gain in user and/or system throughput can be expected compared to using 2Tx antennas. We also believe that the additional overhead is small and well motivated by the given performance gain. We envision that a code-book described by approximately 4bits or thereabout is needed to give considerable gains over two transmit antennas. Supporting 4 Tx antennas requires that the AWI fields of HS-SCCH and HS-DPCCH is extended to 4 bits.
3. Summary and conclusions

In this contribution we have listed a number of issues that may affect the detailed operation of UTRA MIMO. It is our opinion that these issues should be promptly addressed. Further, for most issues several alternative solutions exist. In our opinion, not only performance, but also simplicity should be a guideline when seeking solutions to the stated problem. This is in order to speed up the process and not to miss the “window” for including MIMO into Rel-7.
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