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1 Introduction
At RAN#54 plenary, a work item (WI) was started on MIMO with 64QAM for HSUPA (see [1]). The RAN1-part of the WI is planned for completion by 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 remaining UL MIMO issue is soft/softer handover operation. From RAN1#69 it was left for further studies whether to:
· Deactivate MIMO when the UE is in soft or softer HO

· Allow MIMO in SHO
· Rank2 allowed in softer HO
· Rank2 allowed in soft HO
· In soft HO the non-serving Node B is allowed to only try and receive the primary TB and configure E-HICH for the primary TB only
In this contribution, we further elaborate upon the SHO aspects.
2 Soft Handover Design Aspects
Soft handover (SHO) is a fundamental component of WCDMA systems that provides macro diversity as well as interference management. One question that needs to be discussed further is whether UL MIMO should be supported in soft/er handover or not. We discuss this in the text that follows and provide our view.
For UL MIMO transmission, the preferred rank and pre-coding weights are determined by the serving NodeB and this knowledge is not necessarily available at the non-serving NodeBs. In order to support full SHO, non-serving NodeBs need to blindly estimate this information, or additional signalling needs to be introduced. One of the drawbacks of non-serving NodeBs not knowing the rank being used by the UE is that, in general, hardware resources need to be over-allocated to account for the worst case scenario when rank2 transmission is used. Further, when non-serving NodeBs do not know the precoding vectors, data cannot, in general, be decoded during rank2 transmissions. Note, though, that rank1 transmissions can be decoded in a similar way as during CLTD operation. In softer handover, the problems discussed above do not exist since all information is available for all involved cells. Hence, softer handover for UL MIMO is feasible and beneficial and should not be restricted to only rank1. Further, UL MIMO does not affect other existing SHO mechanisms, such as power control and relative grant signalling.
From the discussion above, we see no reason to restrict the soft handover operation during rank1 transmissions as this corresponds to CLTD operation. Similarly, there is no reason to restrict the softer handover operation during rank1 or rank2 transmissions. The remaining question is how to handle soft handover during rank2 transmissions. The alternatives are either to prohibit rank2 transmissions during soft handover, or allow rank2 transmissions in a “best effort” manner. “Best effort” could, for instance, mean that it is up to the network to decide how to operate this scenario. For example, the network may decide to ignore rank2 transmissions and thereby not allocate hardware resources for rank2 during soft handover, or it may try to blindly decode the data. Yet another aspect of the soft handover operation is whether non-serving cells can influence the secondary stream offset value (see [3] and [4] for further details). The offset value is, in general, tuned by the serving NodeB to satisfy the BLER target for the secondary stream. If soft handover is allowed during rank2, non-serving NodeBs could also tune the offset value. This would require additional RNC involvement similar to the existing OLPC functionality. Based on the discussion above, we prefer to not allow rank2 transmissions during soft handover as this will simplify the design.  
Proposal 1: Both rank1 and rank2 MIMO operation modes are allowed in softer handover.
Proposal 2: Only rank1 MIMO operation is allowed in soft handover, i.e. rank2 transmission is prohibited during soft handover.
3 Conclusion
In this contribution, we discuss the soft/er handover operation for uplink MIMO with 64QAM and elaborate on some of the issues that need to be addressed. For softer handover, all necessary information for the handover operation is available at the NodeB and no restrictions on rank should be imposed. For soft handover, the non-serving NodeB does not necessarily have access to the information about the preferred rank or precoding weights used by the UE. In order to avoid further signalling and simplify the overall design, it is natural to only support rank1 transmission during soft handover. This procedure would correspond to that for CLTD.
The following proposals are made:
Proposal 1: Both rank1 and rank2 MIMO operation modes are allowed in softer handover.
Proposal 2: Only rank1 MIMO operation is allowed in soft handover, i.e. rank2 transmission is prohibited during soft handover.
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