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1. Introduction

At RAN#54 meeting, a new work item for HSPA uplink MIMO and 64QAM was approved [1]. In this contribution we address the impact on UE implementation for the introduction of UL MIMO, and discuss several issues that need to be carefully considered from a UE perspective.
2. Discussion
2.1 E-TFCI Selection
NodeB uses fast power control and scheduling to keep the ROT stable at the NodeB side for legacy HSUPA, and UE performs E-TFCI selection based on SG from NodeB and its maximum power capability. In UL MIMO, UE is required to select E-TFCIs for both primary and secondary data stream. A potential solution is that NodeB schedules 2 SGs for the two streams. Then the UE can select E-TFCI for each data stream based on its corresponding SG, and on its total power capacity.
In the above solution, 2 SGs need to be scheduled in the same TTI, however this will introduce more downlink signalling overhead for UL MIMO. To reduce the downlink signalling overhead, some optimization can be done on UE side. Some rules can be defined in advance for downlink signalling overhead reduction. Based on these rules NodeB needs to send only partial information to UE, and the UE can infer the needed information.
2.2 Cubic Metric and Power Back-off
In the proposed UL-MIMO structure [2], primary data stream and legacy channels are pre-coded with primary vector, and secondary data stream with S-DPCCH is pre-coded with secondary vector. The streams are then summed together, and transmitted from both physical antennas. Since the number of physical channels on each antenna increases, the CM for this UL-MIMO structure will be raised [3]. This affects the amount of power de-rating, and will lower the actual UE transmitting power. 

However this transmission structure can enhance throughput performance by introducing precoding gain, so the CM value impact and performance gain should be both evaluated carefully. Based on these evaluations, the amount of power de-rating and performance gain should be balanced in UL-MIMO transmission structure.

Even with the consideration of CM value and power de-rating for power capability, the actual total transmitting power may still exceed the maximum allowed value for some reasons. For legacy HSUPA, rules for power back-off have been defined [4], and the rules have been modified to be used in UL-CLTD mode [5]. For UL MIMO, two data streams may be transmitted from the UE, thus new rules for power back-off should be specified to make actual transmitting power below the maximum allowable power. The new defined rules should specify how to reduce the power for the primary and secondary streams, by reducing the power for E-DPDCH and S-E-DPDCH or by scaling the power of all channels by the same amount.
2.3 Rank Adaption

In UL MIMO, NodeB chooses the rank according to channel estimates, and indicates it with its corresponding PCI and SGs to the UE through downlink control channel. In some cases, the UE cannot transmit according to the rank indicator sent by Node B and a mechanism of rank fallback should be supported at the UE. As an example, if rank 2 is indicated by NodeB, but the UE transmission power is limited or the data amount is small at the UE side, a single stream transmission may be preferred by the UE. However PCI and SG information for rank 1 is not indicated to UE when rank 2 is selected by NodeB, so a mechanism on UE for deducing rank 1 PCI and SG information should be designed to support rank fallback.
UE should have the flexibility to implement rank fallback and the detailed mechanism on UE side should be designed to support it.
2.4 HARQ Mechanism

HSUPA uses synchronized HARQ mechanism, and no identification for HARQ process is used for HSUPA. However, this might not work well in UL MIMO mode. For example, if 2 TBs are initially transmitted with rank 2 and both are not correctly decoded, and in the next scheduled TTI the channel rank degrades to 1 meaning that only one TB can be conveyed. In this case which TB should be transmitted and how NodeB can know which one is transmitted should be considered. Therefore, in UL MIMO some mechanism should be supplied to distinguish primary and secondary TB in TTIs with retransmission. With the help of distinguishing primary and secondary TB in HARQ, UE might have the flexibility to choose the TB for retransmission, either primary or secondary.
Since rank adaption is supported in UL MIMO, rank changes might have happened between initial and retransmitted TTIs. Therefore the HARQ mechanism should be discussed to support retransmissions in UL MIMO.
3. Conclusion
In this document we discuss some issues which have an impact on UE implementation for UL MIMO, including E-TFCI Selection, Cubic Metric and Power Back-off, Rank Adaption and HARQ Mechanism. These issues should be analyzed and validated in future discussions.
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