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1 Introduction
At RAN#54 plenary meeting, a new work item on MIMO with 64QAM for HSUPA was started to improve peak data rates [1]. The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.  
A few high-level design aspects for UL MIMO with 64QAM were discussed in [3]. In this contribution we discuss the design of precoder vectors used in rank 2 transmissions. The paper is written under the assumption that 3GPP agrees to adopt a dual codeword approach with independent streams for MIMO with 64QAM. If this is not the case, other design alternatives for precoder design may be considered.
2 Discussion
This section discusses design alternatives related to the precoder design for MIMO with 64QAM. 
2.1 Physical Channel Structure

As discussed in [3] we prefer to keep the physical channel structure that was agreed for CLTD. This means that we will use a precoded structure where all physical channels are precoded with a primary or secondary precoding vector; see Figure 1.
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Figure 1
 Illustration of a precoded physical channel structure [1]. Note, however, that we prefer to map the S-E-DPCCH to the primary stream.
2.2 Precoder Design
One topic that needs to be addressed for the precoder design is where the functionality responsible for determining the precoding vectors and the number of streams that the UE is allowed to transmit should be located. In our view the serving Node-B should be responsible for these decisions. Several reasons for why the Node-B should control these decisions have been presented [4] and include:
· Commonality with CLTD

· The HS-DPCCH is only received by the serving Node-B.

· The scheduling is performed in the serving Node-B (e.g., E-AGCH is only transmitted by the serving Node-B). Hence, the serving Node-B has a better view on how much data a UE will transmit in a certain sub-frame (and thus also the benefits of dual stream transmission
) than the other Node-B(s) in the active set. 

· If multiple Node-B(s) within the active set transmit PCI and rank feedback to the UE it is necessary to specify how the UE should combine this information into one common update. This will require additional RAN1 work as well as RAN4 studies since new test requirements likely would have to be introduced to ensure that the UE only consider feedback information that was transmitted over a reliable link. 
Proposal 1: We propose that precoding and rank adaptation is controlled by the serving Node-B.

How the performance of CLTD depends on codebook size, update rate, feedback error rate, feedback delay, etc was extensively studied during the standardization of CLTD. Some of the agreements made for CLTD are stated below:
· adopt a codebook consisting of 4 codewords (phase only); 

· use symmetric weight implementation
· use a TTI based update rate

· introduce a new physical channel, the so called F-TPICH, to signal the precoding weights.
The most straightforward design alternative for UL MIMO with 64QAM would be to re-use the CLTD agreements. During the study item phase it was, however, discussed whether special design considerations should be given to the rank2 case due to cubic metric reasons [5]. Next we will analyze this in more detail.

Proposal 2: We propose to adopt the CLTD codebook framework also for UL MIMO rank1 transmissions.
2.2.1 Analysis

As discussed in [5] there is a CM impact by precoding the MIMO streams for dual stream transmissions. The results showed a CM impact in the order of 1-2dB by having precoded streams compared to having no precoding (or equivalently having identity precoding). From this perspective it would be beneficial to only use the precoding weights w1=[1 0] and w2=[0 1] for rank2 transmissions.
On the other hand, restricting dual stream transmissions to have identity precoding will result in that

· None of the streams obtain a precoding gain (for the case of dual stream transmission). However, it should be noted that the “aggregate” precoding gain associated with dual-stream transmissions may be very modest (as long as a unitary transformation is used at the transmitter) and moreover dependent on the Node-B receiver type.

· A discontinuity in the received signal power may occur at the Node-B for the primary stream when transitions between single and dual stream transmissions take place. This may affect channel estimation, grant and SIR estimation, and hence trigger the OLPC.

· We also note that an increased cubic metric only harms performance when a UE is transmitting at close to maximum power whereas a potential reduced precoding gain will affect all UEs scheduled with dual-stream transmissions. 

Some initial simulations have been performed to compare the performance of using codebook based precoding and identity precoding for rank2 transmissions. The simulation assumptions were aligned with [6]. The results are presented in Figure 2, which shows that gains of 1-3.5 dB can be achieved by using codebook based precoding instead of an identity matrix as precoder. These gains should then be compared to a CM loss of 1-2dB.
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Figure 2 Comparison of rank 2 transmission performance depending on the precoder design.

Based on the initial results presented and the desire to align the UL MIMO with 64QAM design with CLTD we propose to adopt a working assumption of using the CLTD codebook framework for UL MIMO with 64QAM irrespectively whether rank1 or rank2 is used.
Proposal 3: As a working assumption we propose to adopt the CLTD codebook framework also for UL MIMO rank2 transmissions.
3 Conclusions

This contribution discussed the precoder design for uplink MIMO with 64QAM. A summary of the proposals are given below:
Proposal 1: We propose that precoding and rank adaptation is controlled by the serving Node-B.
Proposal 2: We propose to adopt the CLTD codebook framework also for UL MIMO rank1 transmissions.

Proposal 3: As a working assumption we propose to adopt the CLTD codebook framework also for UL MIMO rank2 transmissions.
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� One way to realize this is that uplink MIMO mainly is beneficial as a means to avoid power inefficient high order modulation or to reduce the probability that the UE’s data rate is restricted by the maximum supported modulation. Whether or not this will be the case for a particular UE will to a large extent depend on the scheduled grant issued by the serving Node-B. 





