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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.  
One agreement from RAN1#68 was to use a single ILPC operating on the DPCCH and a single OLPC that controls the quality of the primary stream. One of the main reasons for this choice was to keep the commonality with CLTD (for rank1 transmissions), and the underlying thinking was that the primary stream corresponds to a “legacy” stream, whereas the secondary stream is more of a “best effort” stream. Some of the remaining UL MIMO issues from RAN1#68 related to grant and rate selection include:
· Grant handling for rank2 transmissions.
· Secondary stream data control, i.e. how to set the data rate for the secondary stream.
In this contribution we further elaborate upon design aspects related to these questions.
2 Grant Definition for UL MIMO with 64QAM
The “legacy” grant, which is defined as the power ratio between the E-DPDCH and DPCCH, is essentially a power measure which allows the network to control the interference (received power or RoT) a certain UE is allowed to create. Further, the grant gives the UE an “upper bound” on how much data it may transmit. 

One agreement from RAN1#68 was that the E-DPDCHs and the S-E-DPDCHs are sent with equal power. Hence, it is natural to have one common grant that is shared between the streams. 
For rank1 MIMO transmissions,the meaning of the grant is the same as for legacy operation, i.e. it is defined as the power ratio between the E-DPDCH and DPCCH and it is used to control the interference level in the network and to provide a mechanism for the UE to decide its maximum transmit power and maximum data rate. For rank2 MIMO transmissions, the definition and meaning of the grant needs to be clarified. For rank2 transmissions there will be two DPCCHs and two E-DPDCHs, and the S-DPCCH is not power controlled. Two different alternatives for handling the grant for rank2 transmissions are:

1. Define the grant as the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the DPCCH, and divide the grant equally between the streams.
2. Keep the rank1 definition of a grant and use this grant for both streams.

Let G denote the serving grant. Then for rank1 transmissions the two alternatives above are equal, meaning that
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for both alternatives, whereas for rank2 transmissions there is a 3dB difference between the two alternatives, that is
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for alternative 2
(3)
where PDPCCH denotes the (filtered) transmit power associated with the DPCCH and PE-DPDCH,i is the E-DPDCH transmit power associated with stream i.
Some comments on the two alternatives described above:

· Both alternatives will result in a fluctuating received power for rank2 transmissions since the S-DPCCH is not power controlled. Hence, the network needs to take this into account to ensure a stable system and possibly reduce the grant or schedule rank1 transmissions if RoT becomes too large.

· For alternative 2 the grant gives the network information about how the primary stream will affect the RoT budget (both for rank1 and rank2). Still, however, the impact of the secondary stream is not predictable.

· When switching from rank1 to rank2 it is essentially necessary to issue a new grant for alternative 2 since otherwise the RoT will increase (substantially). For alternative 1 it is not necessary to give a new grant when switching from rank1 to rank2 since the total grant is shared between the two streams. Note, also that with reasonable pre-coding choices the primary stream will be the best (strongest) stream which means that the RoT will mostly decrease when switching from rank1 to rank2 for alternative 1 which is beneficial from a system stability point of view.
· It is beneficial to de-couple grant and rank from each other since grant is a scheduling resource affecting system stability such as RoT, and hence possibly changed on a slow basis. Rank, on the other hand, is a more instantaneous measure that depends on channel characteristics, and hence it might need more frequent updating. 
Based on the discussion above we propose:
Proposal 1: We propose that the grant is shared equally between the streams. Hence, for dual stream transmissions half the power is given to each stream.
Proposal 2: 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 DPCCH as a definition of a MIMO grant. 

Here we notice that it may be convenient to introduce the concept of effective serving grant (Geff ). For single stream transmissions the effective serving grant is the whole serving grant (Geff = G) and for dual stream transmissions the effective serving grant is half the sserving grant (Geff = G/2).

3 Primary stream E-TFC selection and data power setting

As stated before the primary stream is a “legacy” stream, and hence we can essentially adopt legacy E-TFC procedures based on the effective serving grant (Geff ) to determine the E-TFC for the primary stream. However, as discussed in [3], and repeated in the next sub-section for completeness, we propose to take the inter-stream interference into account in the MIMO E-TFC selection mechanism by means of having rank dependent reference values. 
3.1 Impact of inter-stream interference
Since we have code-reuse between streams for dual stream transmissions we will inevitably get inter-stream interference whenever we transmit with dual streams. The degree of inter-stream interference will be scenario dependent as well as receiver dependent. An example of this is seen in Figure 1. In the figure we see the difference between the single stream SIR and dual stream SIRs (stream 1 and stream 2). In general the single stream SIR is larger than the dual stream SIRs due to inter-stream interference. Also, the difference is in general most significant for the secondary stream due to that it is the weaker stream (not power controlled, and precoding chosen to maximize power of primary stream). Note also, that the results are impacted by estimation imperfections.
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Figure 1
 CDF of relative SIRs (rank1 SIR vs rank2 SIRs) for primary stream and secondary stream. This is a high SNR (high RoT) scenario using a linear MMSE receiver.
The legacy E-TFC selection mechanism operates on the grant (power) and hence it does not really take inter-stream interference into account. This will obviously affect the dual stream performance. In many cases we will have too poor received SINRs to support the TBS provided via the grant and E-TFC selection procedure. This will trigger the OLPC which will increase the SIR target and eventually reduce the E-TFC to a level that the receiver can support (sufficiently good SINRs). This is a slow process and it wastes DPCCH power.
A better solution is to take the inter-stream interference explicitly into account in the E-TFC selection procedure. Due to the inter-stream interference a specific grant should correspond to a lower E-TFC compared to if no interference was present. The transmit power should, however, not be affected. One example is to use rank dependent reference E-TFCs (and/or reference amplitude ratios Aed or EDPDCH), i.e. one set of reference values are used for rank1, whereas another set of reference values are used for rank2. Another example is to have a configurable grant offset which is used in the E-TFC selection procedure for rank2 transmissions (note though that the offset should not affect the transmit power setting); see Figure 2 for an illustrational picture. The offset or the different reference values depend on scenario and receiver type, and need to be signaled by the network. Whether it is enough to have higher-layer signaling, or more dynamic signaling, e.g. via HS-SCCH orders is an open question.
Proposal 3: The MIMO E-TFC selection mechanism is the same as the legacy E-TFC selection mechanism operating on the effective grant and with rank dependent reference values.
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Figure 2
 An illustration of having rank dependent reference E-TFC values. Here P corresponds to the serving grant. To illustrate we have simply added a 5dB offset to the original curve.
4 Secondary Stream E-TFC Selection

For UL MIMO we have an agreement to use a single ILPC loop operating on DPCCH and a single OLPC loop targeting the quality of the E-DPDCH. These loops ensure the quality of the primary stream, but they do not explicitly address the quality of the secondary stream. Hence, one problem that needs to be considered is how the quality of the secondary stream can be ensured, or similarly how to set the E-TFC for the secondary stream. We also stress that the transmit power of the secondary stream is the same as for the primary stream and is given by the grant (or the primary stream E-TFCI and reference beta values).
To control the quality of data transmissions associated with the secondary stream we propose that the UE dynamically adjusts which E-TFC that is should use (given a certain grant) based on feedback from the network. The main benefit by having network controlled feedback is that the NodeB can calculate received SINRs and based on that and BLER statistics for the secondary stream it can deduce what rate that can be supported. Let SIR1, SIR21 and SIR22 be the received SINRs associated with single stream transmission, the primary stream rank2 transmission and the secondary stream rank2 transmission, respectively. Assuming that we have a linear receiver, the same total transmit power and the same channel conditions in all cases we will in general have the relations
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since we have inter-stream interference due to code-reuse for rank2 transmissions, and since the pre-coding selection often makes the primary stream better than the secondary stream. Since the legacy E-TFC selection mechanism is tightly coupled to SIR1 the UE will choose a too large TBS for rank2 transmissions if the TBS selection is based on the serving grant and the legacy E-TFC selection mechanism. It would be more appropriate to decide the primary stream TBS based on the serving grant minus ∆1, where 
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To avoid signalling ∆1 continuously we proposed to have rank dependent E-TFC selection reference values; see Proposal 3 in previous section. This is a reasonable approach since SIR1 and SIR21 are rather constant given a fixed SIR target due to that DPCCH is power controlled. Similarly the secondary stream TBS should be based on the serving grant minus ∆2, where 
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However, since S-DPCCH is not power controlled ∆2 can vary quite substantially.

Based on the discussion above it makes sense to derive the TBS for the secondary stream based on the MIMO E-TFC selection mechanism using the serving grant minus ∆ (in dB), where
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is the SIR difference between the primary and the secondary stream which is dynamically signalled to the UE by the network. Note that we signal ∆ rather than ∆2 because we have rank dependent E-TFC reference values (∆ = ∆2 - ∆1, but ∆1 is compensated for by having rank dependent E-TFC reference values). The ∆ value can then be additionally modified in order to assure the correct BLER target for the secondary stream. The exact details are implementation specific. 
Proposal 4: We propose to decide the secondary stream TBS based on the MIMO E-TFC selection mechanism using the serving grant minus a network signaled SIR offset ∆ (in dB).
Other questions related to the signalling of the SIR offset ∆ include:

· Do we need absolute and/or relative signalling? What quantization steps are needed?
· Can we leverage on existing channels or do we need to introduce a new feedback loop in order to signal the SIR offset? What update rate is required?
These issues may need further consideration, but some proposals are given in [4].
5 Conclusions
This contribution discussed different design aspects related to grant and E-TFC selection for single and dual stream transmissions. 
A summary of the proposals are given below:

Proposal 1: We propose to have a common grant which is shared equally between the streams. Hence, for dual stream transmissions half the grant is given to each stream.
Proposal 2: 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 DPCCH as a definition of a MIMO grant.
Proposal 3: The MIMO E-TFC selection mechanism is the same as the legacy E-TFC selection mechanism operating on the effective grant and with rank dependent reference values.

Proposal 4: We propose to decide the secondary stream TBS based on the MIMO E-TFC selection mechanism using the serving grant minus a network signaled SIR offset ∆ (in dB).
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