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1
Introduction

RAN#54 initiated a work item on UL MIMO and 64QAM for HSPA [1]. This was a result of earlier study on UL MIMO, whose results were captured in the technical report [2]. This contribution provides a proposal for the details of downlink control channel structure that have not yet been agreed on in RAN1.
2
Signaling grants
RAN1#68 has already agreed that during rank 2 transmissions, E-DPDCH and S-E-DPDCH shall be sent at the same power. It is also desirable to have smooth fall-back of UL-MIMO to UL-CLTD behavior during rank 1 transmissions. The signaling grant proposals already made previously in [3] are well suited to these requirements. However, these proposals control the TBS on the secondary stream solely using the S-E-AGCH channel carrying an absolute grant, which could be expensive in terms of downlink code and power resource usage. Thus, it is desirable to also have a less expensive channel analogous to the E-RGCH to allow small adjustments to the secondary stream TBS. The PA3 MIMO channel may experience rapid fluctuations in its secondary stream strength, suggesting as described in [3] that such small adjustments will generally provide an insufficient amount of control for the secondary stream TBS. However, this will not be the case for slower or static channels, which could be frequent use cases for UL MIMO, in which the ability to make small adjustments to secondary stream TBS can save significant downlink resources. Based on this, we modify [3] to propose the following:
Proposal 1: The primary stream grant, controlled by E-AGCH and E-RGCH, sets the power level of the primary stream data channel (E-DPDCH) and (if transmitted) the secondary stream data channel (S-E-DPDCH), and also the size of the E-DPDCH transport block. 
Proposal 2: The size of the S-E-DPDCH transport block is set by the secondary stream grant, which is controlled by two new code channels called S-E-AGCH and S-E-RGCH in the same way that E-AGCH and E-RGCH control the primary stream grant. Unlike the primary stream grant, the secondary stream grant does not determine the power level of any transmitted channel.
Proposal 3: The encoding of S-E-AGCH and S-E-RGCH is identical to that of E-AGCH and E-RGCH respectively.

Proposal 4: UE shall ignore any received S-E-AGCH grant indicating a TBS that does not map to 2xSF2+2xSF4 spreading factor configuration. UE shall not begin a new packet transmission on S-E-DPDCH if the secondary stream grant for such a transmission maps to a TBS which does not use the 2xSF2+2xSF4 spreading factor configuration.
Note that the usage of S-E-RGCH to make small adjustments to the secondary stream TBS brings with it the ability to switch between rank 1 and rank 2 using only S-E-RGCH commands. This is achieved by causing the secondary grant to switch between being below and being above the minimum TBS that is mapped to the 2xSF2+2xSF4 spreading factor configuration, which, by Proposal 4, implies switching between rank 1 and rank 2.
2
Soft handover and signaling grants

A simple design for soft handover in UL MIMO would be to allow only rank 1 transmissions during soft handover. The rationale here is that UEs in soft handover typically have poor channel condition, may be power limited (at cell edge) and are thus not the prime use case for the UL MIMO feature. However, in presence of time-varying fading, even cell-edge UEs may occasionally have opportunity to increase their throughput by using rank 2, and this opportunity will be lost with the above design approach. Further, just as in the case of UL CLTD, there could be soft handover diversity gain from the fact that more than one NodeB is attempting to decode the transmissions. A study of soft handover with UL MIMO [4] found significant gains when the number of UEs per cell was small enough. This suggests that rank 2 transmissions should be allowed while in soft handover.
In current soft handover design, UE adjusts its grant in response to E-AGCH from the serving cell and to E-RGCH from both serving and nonserving cells. The non-serving cells can use E-RGCH as a mechanism to control interference from their neighboring cells. In case of UL MIMO, following Proposals 1 and 2, the primary stream grant controls both stream powers as well as the primary stream TBS. Thus, a non-serving cell issuing E-RGCH to reduce the primary grant will reduce both power levels as well as the primary stream TBS. This can make the secondary stream hard to decode, since its power has reduced but TBS has not. There are multiple solutions to this issue: 

(1) Allow the serving cell’s margin loop to maintain the desired second stream BLER in spite of power variations caused by non-serving cell E-RGCH. However, if the variations are frequent and irregular, the margin loop may not be able to converge smoothly.

(2) Allow the non-serving cell E-RGCH to reduce both primary and secondary grants. This assists the margin loop in maintaining the second stream BLER, by reducing the secondary stream TBS, thus making it easier to decode and ensuring that the margin adjustment does not have to change as much as in option (1).

(3) Allow the non-serving cell to also issue S-E-RGCH which controls the secondary stream grant. This accomplishes the same goal as (2), using some additional signaling to provide added flexibility for the non-serving cells to exercise independent control of the primary and secondary stream TBS. It includes (1) as a special case, in the sense that non-serving cells could simply avoid transmitting S-E-RGCH if it takes up too much of their power budget; further they could also be configured to never transmit S-E-RGCH to particular UEs, thus saving on S-E-RGCH code resources as well.
Option (3) could be preferred since it provides the greatest flexibility for tradeoffs between network control and signaling overhead. Hence, we propose to follow this option:

Proposal 5: Soft and softer handover are supported for UL MIMO radio links. This includes macrodiversity combining as well as interference control via power control.
Proposal 6: The non-serving cells of a UL MIMO UE in soft handover can control the UE’s primary grant using E-RGCH as in the current specification. Further, they can optionally control the UE’s secondary grant using S-E-RGCH. The UE in soft handover determines its transmit power levels and TBSs on the two streams by continuing to use the same interpretation used when not in soft handover for the primary and secondary grants (as described by proposals 1 and 2).
3
Conclusion
We have proposed rules (Proposals 1-6) for controlling grants and mapping them to transmit powers and TBSs  for UL MIMO UEs in both single-link and soft-handover scenarios. The rules allow flexible tradeoffs between network control and signaling overhead optimization.
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