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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.  
A few high-level design aspects for UL MIMO with 64QAM were discussed in [3]. In this contribution we further elaborate upon design aspects related to how to set and control the quality of data. 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 controlling the data quality may be considered.
2 Background
For legacy UEs data is set and controlled via the grant & E-TFC selection mechanism. The grant, which is defined as the power ratio between the E-DPDCH and DPCCH, is controlled by the network via absolute and relative grants transmitted over the E-AGCH and E-RGCH channels, respectively. The grant is essentially a power measure which allows the network to control the interference a certain UE is allowed to create. The grant gives the UE an “upper bound” on how much data it may transmit, and the exact number of data bits will depend on power and buffer statuses, and essentially a formula configured via a number of reference values signaled by higher-layers; see e.g. sub-clause 11.8.1.4 in [4]. 
3 Grant Definition for UL MIMO with 64QAM
For uplink MIMO there will be two DPCCHs and two E-DPDCHs when dual stream transmissions take place. In principle there are two ways for handling grants for UEs configured in uplink MIMO mode:

· Utilize a common grant that is shared between the streams, or

· Utilize stream-specific grants.

An approach based on a common grant that is shared between the two streams is in our view the preferable solution since:

· The grant is in essence a measure of how much interference the network can tolerate from a specific UE, and in that respect it is irrelevant whether one or two streams are utilized.

· From a simplicity point of view it makes sense to assume that both streams (for rank2 transmissions) have the same data power which favours a common grant solution. Also, in general there is little to gain by employing a water-filling procedure in realistic scenarios. 

· The scheduling decisions of issuing grants can to a large extent be decoupled from the selection of pre-coding vectors when a common grant exist. (With one grant per stream the scheduler would need to consider the grants associated with the two streams jointly as well as update the pre-coding vectors.) 

· If two grants are used, the secondary grant is defined as the transmit power ratio between the E-DPDCH associated with the secondary stream and the S-DPCCH. However, in order to be able to control the power received at the Node-B from the secondary stream it would be necessary to have two ILPC loops (so that the received power of S-DPCCH could be controlled). 
· Having stream specific grants will consume more network resources since absolute and relative grants for both streams need to be transmitted. 

Proposal 1: We propose to have a common grant shared between streams.
By adopting the common grant approach a natural definition of grant (denoted G) would be 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 (which is power controlled)
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 denotes the (filtered) transmit power associated with the P-DPCCH and 
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 is the total E-DPDCH transmit power. Note, however, that even though the P-DPCCH is power controlled we might get fluctuating received power during rank2 transmissions due to that the power of S-DPCCH might vary (it 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.
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 P-DPCCH as a definition of a MIMO grant.
4 Primary stream E-TFC selection and data power setting

As discussed in [3] we propose to use a single ILPC operating on the P-DPCCH and a single OLPC that controls the quality of the primary stream. One of the main reasons for this choice was to keep 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. Following this reasoning, and assuming that 3GPP agrees on having a common grant that is shared between streams, it is natural to assume that power is shared equally between streams. That is,
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for single stream transmissions, and
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(3)
for dual stream transmissions, where G is the grant, PP-DPCCH denotes the (filtered) transmit power associated with the P-DPCCH and PE-DPDCH,i is the E-DPDCH transmit power associated with stream i. Here we notice that it may be convenient to introduce the concept of effective grant (Geff ). For single stream transmissions the effective grant is the whole signalled grant (Geff = G) and for dual stream transmissions the effective grant is half the signalled grant (Geff = G/2).
Similarly, we can adopt legacy E-TFC procedures based on the effective grant (Geff ) to determine the E-TFC for the primary stream.
Proposal 3: 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 4: We propose to use legacy E-TFC selection procedures based on the effective grant to determine the TBS 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.
4.1 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 5: 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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Figure 2
 An illustration of having rank dependent reference E-TFC values. To illustrate we have simply added a 5dB offset to the original curve.
4.2 Power limited UE operation
We believe that Proposal 3 should apply 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.
It is FFS whether rank1 should be considered earlier in a power limited scenario, i.e. before the channelization code constraint becomes violated. It is also FFS whether it could be allowed to use a subset of 2xSF+2xSF4 on the secondary stream in a power limited scenario. The latter seems unlikely since that would break the rule that the transmit power allocated to E-DPDCH transmissions for the two streams should be equal.
5 Secondary Stream E-TFC Selection

As discussed in [3] our preference is an architecture in which a single ILPC loop and a single OLPC loop are used also for UEs configured in uplink MIMO mode. These loops ensure the quality of the primary stream, but they do not 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.

The exact E-TFC selection procedure and feedback design is FFS, but some reflections follow below:

· What information is signalled on the feedback channel? For example, is it a grant/power offset or is it an TBS/E-TFCI offset.
· Do we need absolute or relative signalling? To limit the feedback information it is beneficial to use relative signalling with as few bits as possible. What quantization steps are needed?
· We need to introduce a new feedback loop. Can we re-use an existing channel, e.g. F-TPICH, E-RGCH, or E-AGCH, and what update rate is required.
· We need to make sure that the channelization code constraint stating that only 2xSF2+2xSF4 is allowed in dual stream operation is fulfilled. Hence, if the quality of the secondary stream becomes too poor (a large negative offset), we need to force a rank1 transmission, or freeze/ignore the feedback loop during the period of too poor quality.

6 Conclusions
This contribution discussed different design aspects related to how to ensure data quality for uplink MIMO with 64QAM. In particular, we propose to use legacy procedures to control the primary stream. Furthermore, inter-stream interference should explicitly be taken into consideration. Finally, we briefly discussed how to ensure the quality of the secondary stream.
A summary of the proposals are given below:

Proposal 1: We propose to have a common grant shared between streams.

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 P-DPCCH as a definition of a MIMO grant.

Proposal 3: 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 4: 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 5: 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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