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1 Introduction
RAN#54 started a work item (WI) on MIMO with 64QAM for HSUPA (see [1]). The RAN1 part of the WI is planned for completion at RAN#57 (September, 2012). 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.  
For a UE configured in uplink MIMO mode either single or dual-stream transmissions can take place. Dual-stream transmissions are mainly useful in environments with good SNRs, and where the channel exhibits scattering (and/or cross-polarized antennas are used). When single-stream transmissions are scheduled the pre-coding gain will instead improve the link budget. 

This contribution presents and discusses some high-level considerations related to the design of uplink MIMO with 64QAM. The purpose of the paper is to highlight the aspects that we believe are important to consider and to discuss some possible design alternatives that we foresee. An important theme in the design is to keep things simple, leverage on legacy, and build on the work conducted during the study item phase. This is also explicitly supported by the WID, which states: “Existing functionality should be re-used unless non-re-use can be justified by clear benefits”. Many of the design aspects for MIMO with 64QAM will impact both RAN1 and RAN2, hence we will in this contribution discuss subjects that later will be handled by RAN2.
2 Design Alternatives for Uplink MIMO with 64QAM

This section discusses some of the design alternatives related to uplink MIMO with 64QAM transmissions.
2.1 Codeword Design

During the study item phase three different codeword design alternatives were considered (see [2] for details):

· Option I – single TB rank-2 transmission. The main advantage of this architecture is low control signalling overhead: compared to CLTD it is only rank indication signaling that needs to be added. A disadvantage of Option I is a poor channel adaptation ability in the case of a significant imbalance between the MIMO spatial streams when comparing to option II.

· Option II – dual TB rank-2 transmission, independently over the spatial streams. The advantage of this architecture is the flexibility to independently adapt the data rate on each stream in order to maximize the throughput. The disadvantage is that the overhead increases compared to Option I; need to signal scheduling and HARQ-related information associated with each stream in UL and the ACK/NACK and E-TFC selection information for each stream in DL.
· Option III – dual TB rank-2 transmission, TBs interleaved between the two spatial channels. This can be viewed as a hybrid between options I and II above.
From the simulations run during the SI phase, it was apparent that Option II was superior to the other options in terms of throughput performance. Hence, in our view the extra signalling overhead associated with Option II is motivated due to the performance gains.

Proposal 1: We propose to adopt a dual codeword approach with independent streams (Option II).
2.2 UL Physical Channel Layout

In our view it is most natural to re-use the physical channel structure that was agreed for CLTD. This would maximize the commonality between rank1 MIMO transmissions and CLTD which is desirable. Hence, we favour a physical channel layout where all physical channels are pre-coded with a primary or secondary precoding vector; see Figure 1. The primary precoding vector is
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and the secondary precoding vector is
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The two precoding vectors are orthogonal to each other.
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Figure 1
 Illustration of a pre-coded physical channel structure; see [1]. Note, however, that we prefer to map the S-E-DPCCH to the primary stream.
2.2.1 UL Control Channel Layout
The UL control channel layout is discussed in more details in [3]. For completeness we summarize our preferences below. 
Proposal 2: We propose to adopt the CLTD design choices made for DPCCH and S-DPCCH also for UL MIMO with 64QAM.

Proposal 3: We propose to introduce a secondary E-DPCCH associated with the secondary E-DPDCH. The S-E-DPCCH should be mapped to the primary stream, and use the same power setting as the E-DPCCH.

Proposal 4: We propose to support explicit rank indication in the UL by means of re-interpreting the E-DPCCH happy bit.
2.2.2 UL Data Channel Layout

As mentioned in Section 2.1 we prefer to adopt a dual codeword approach with independent streams. Hence, for dual stream transmissions we need to introduce a second E-DPDCH, the so-called S-E-DPDCH. It is natural to map the E-DPDCH (or P-E-DPDCH) to the primary stream V1, and the S-E-DPDCH to the secondary stream V2.

To minimize the impact on existing Node-B implementation it is beneficial to keep existing structures as much as possible. For example, this means that each stream can to a large extent re-use existing coding and modulation chains. Note, however that the introduction of 64QAM will inevitably affect the coding and modulation chain. This is discussed in more details in [4].
To help the receiver with the demodulation process it is beneficial to impose some channelization code restrictions when operating in dual stream mode. Due to code-re-use between streams we need to make sure that both streams use the same channelization code configuration, or a subset thereof. During the SI phase it was proposed to only allow a 2xSF4+2xSF2 configuration in dual stream mode, and it seems reasonable to adopt this in the WI phase as well. It is FFS whether it could be allowed to use a subset of 2xSF+2xSF4 on the secondary stream, and in such case how to solve the power setting procedure, e.g. whether to keep the total data power on each stream equal or to keep the per-code power equal on both streams, or something else. This could be of interest in e.g. a buffer limited scenario. 
Proposal 5: We propose to re-use the CLTD physical channel framework with a pre-coded structure. In particular re-use the CLTD DPCCH design (P-DPCCH & S-DPCCH).

Proposal 6: As working assumption we propose to impose a channelization code restriction constraint for dual stream transmissions, meaning that only 2xSF2+2xSF4 is allowed for E-DPDCH and S-E-DPDCH.
2.3 Precoder Design

The precoder design is discussed in more details in [4], but for completeness we summarize our preferences below:
Proposal 7: We propose that pre-coding and rank adaptation is controlled by the serving Node-B.

Proposal 8: We propose to adopt the CLTD codebook framework also for UL MIMO rank1 transmissions.

Proposal 9: As a working assumption we propose to adopt the CLTD codebook framework also for UL MIMO rank2 transmissions.
2.4 DL Control Channel Layout

The DL control channel layout is discussed in [7].
2.5 Power Control

During the SI phase the working assumption was to have one ILPC and one OLPC targeting the quality of the primary stream. The main reasons for having one ILPC were to keep commonality with CLTD (which at least for rank1 makes sense), limiting the feedback overhead, and to aid the channel estimation procedure by assuring that the power ratio between pilots on DPCCH and S-DPCCH remains fixed. Similarly, the main reasons for having one OLPC were to keep commonality with CLTD and to avoid reducing the link efficiency associated with an OLPC operating on both E-DPDCH and S-E-DPDCH (this would result in a higher SIR target (fade margin) that accounts for the variations in signal quality associated with the secondary stream). Hence, the ILPC considers the quality of the P-DPCCH and the OLPC operates on the E-DPDCH (or P-E-DPDCH). We see no reason for changing these assumptions. 
Proposal 10: We propose to have one ILPC operating on the P-DPCCH and one OLPC targeting the quality of the primary stream (S-E-DPDCH).

Hence, the primary stream is controlled via legacy procedures, whereas the secondary stream will need other means to be controlled; see, e.g. [6]. The fundamental idea is that the primary stream corresponds to a “legacy” stream, whereas the secondary stream is more of a “best effort” stream.
2.6 MAC Layer Design Alternatives

In this section various MAC layer design aspects for MIMO with 64QAM that affect both RAN1 and RAN2 will be discussed. These subjects will later be discussed in RAN2 as well.
2.6.1 Grant & E-TFC Selection

How to ensure the quality of the data (the primary E-DPDCH and in particular the secondary stream S-E-DPDCH) is discussed in more details in [5]. The grant and E-TFC selection procedure is also covered in that contribution. For completeness we summarize our preferences below:
Proposal 11: We propose to have a common grant shared between streams.

Proposal 12: We propose to use the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the P-DPCCH as a definition of a MIMO grant.

Proposal 13: We propose to use symmetric power allocation, i.e. the amount of power allocated to the E-DPDCH and the S-E-DPDCH channels is equal. 
Proposal 14: We propose to use legacy E-TFC selection procedures based on the effective grant to determine the E-TFCI for the primary stream. Consequently, the data (E-DPDCH and S-E-DPDCH) transmit power can also be determined via legacy procedures based on the primary stream E-TFCI.

Proposal 15: We propose to take the inter-stream interference into account in the E-TFC selection mechanism by means of having rank dependent reference values.
2.6.2 HARQ & Retransmissions
Assuming that 3GPP agrees to adopt a dual codeword approach with independent streams, the HARQ and re-transmissions mechanism needs to be carefully analysed.
2.6.3 Power Scaling
The power scaling is discussed in [6], but for completeness we repeat the main message below.

We believe that the transmit power allocated to E-DPDCH transmissions for the two streams should be equal also in power limited scenarios. Furthermore, we need to make sure that the channelization code constraint saying that only 2xSF2+2xSF4 is allowed in dual stream operation is fulfilled.
This gives us the following basic power scaling algorithm (if rank1 jump directly to 2):
1) Scale both data streams (E-DPDCH & S-E-DPDCH) equally until the channelization code constraint becomes violated

a. In essence the effective grant needs to be scaled in order to meet the constraint given by total transmit power available to E-DPDCH transmissions. Let G be the grant, PP-DPCCH represent the power of the P-DPCCH, and Pavailable denote the total transmit power available to E-DPDCH transmissions. Then an artificial grant Ga can be calculated as
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Then the artificial grant Ga is used instead of G for power setting and E-TFCI-selection procedures.
2) Next, force rank1 transmission, i.e. allocate all available data power to the primary stream.
3) Use legacy (CLTD) power scaling procedures for rank1 transmissions.
2.6.4 Others 

Obviously there exist other design aspects that need to be considered for the introduction of MIMO with 64QAM. For example:

· UL MIMO with 64QAM is only supported for EUL.

· UL MIMO with 64QAM supports soft/softer handover. It is for FFS whether legacy Node-B can be part of the active set for UEs in SHO, and if so how it should function.
· UL MIMO with 64QAM cannot be configured together with DC-HSUPA.
3 Conclusions
This contribution discussed different high-level design aspects related to uplink MIMO with 64QAM. A summary of the proposals are given below:
Proposal 1: We propose to adopt a dual codeword approach with independent streams (Option II).

Proposal 2: We propose to adopt the CLTD design choices made for DPCCH and S-DPCCH also for UL MIMO with 64QAM.

Proposal 3: We propose to introduce a secondary E-DPCCH associated with the secondary E-DPDCH. The S-E-DPCCH should be mapped to the primary stream, and use the same power setting as the E-DPCCH.

Proposal 4: We propose to support explicit rank indication in the UL by means of re-interpreting the E-DPCCH happy bit.

Proposal 5: We propose to re-use the CLTD physical channel framework with a pre-coded structure. In particular re-use the CLTD DPCCH design (P-DPCCH & S-DPCCH).

Proposal 6: As working assumption we propose to impose a channelization code restriction constraint for dual stream transmissions, meaning that only 2xSF2+2xSF4 is allowed for E-DPDCH and S-E-DPDCH.
Proposal 7: We propose that pre-coding and rank adaptation is controlled by the serving Node-B.

Proposal 8: We propose to adopt the CLTD codebook framework also for UL MIMO rank1 transmissions.

Proposal 9: As a working assumption we propose to adopt the CLTD codebook framework also for UL MIMO rank2 transmissions.
Proposal 10: We propose to have one ILPC operating on the P-DPCCH and one OLPC targeting the quality of the primary stream (S-E-DPDCH).

Proposal 11: We propose to have a common grant shared between streams.

Proposal 12: We propose to use the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the P-DPCCH as a definition of a MIMO grant.

Proposal 13: We propose to use symmetric power allocation, i.e. the amount of power allocated to the E-DPDCH and the S-E-DPDCH channels is equal. 
Proposal 14: We propose to use legacy E-TFC selection procedures based on the effective grant to determine the E-TFCI for the primary stream. Consequently, the data (E-DPDCH and S-E-DPDCH) transmit power can also be determined via legacy procedures based on the primary stream E-TFCI.

Proposal 15: We propose to take the inter-stream interference into account in the E-TFC selection mechanism by means of having rank dependent reference values.
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