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1
Introduction

RAN#54 initiated a work item on UL MIMO and 64QAM for HSPA [1]. This contribution proposes details of soft handover operation with UL MIMO.
2
Soft Handover Operation
A simple design for soft handover in UL MIMO would be to allow only rank 1 transmissions during soft handover, and thus re-use the UL CLTD soft handover design. 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 [2] 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 for UL CLTD, 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 without soft handover, it has been agreed as a working assumption that the secondary stream TBS is derived by mapping from a gain factor obtained by applying a power offset to the power gain factors used by E-DPDCH and S-E-DPDCH. The power offset is signaled by the S-E-AGCH. If we merge the two designs, we find that the non-serving cell E-RGCH affects the primary grant, which thus affects both the power levels and the TBSs on both streams. Thus, the E-RGCH of the non-serving cell provides the mechanism for interference control without harming the weak stream transmissions (since their TBS is also regulated by E-RGCH). Hence there is no need for the non-serving cells to signal S-E-AGCH. This is a natural extension of the CLTD design, where non-serving cells do not send E-AGCH.
These observations suggest a simple design for both soft and softer handover with UL MIMO: Non-serving cell receivers are functionally identical to the serving cell receivers. Non-serving cell transmitter behavior is identical to that in UL CLTD, except that the S-E-HICH also needs to be transmitted to acknowledge packets on the secondary spatial tream. The serving cell needs to be informed of the decode status of the secondary stream packet following decode attempts by all the non-serving cells. This enables the serving cell to appropriately update its scheduler margin loop which influences the choice of secondary stream TBS. This information is provided by the RNC via Iub signaling.
An alternative proposal that has been considered differs from the above in that the non-serving cells do not decode the secondary stream, and thus do not transmit S-E-HICH; the Iub signaling of the secondary stream decode status is thus unnecessary. A possible rationale for this approach is the observation that the secondary stream usually contributes less to the overall throughput. However, this observation is based on operation in absence of soft handover. In that case, precoding ensures that the primary stream is the stronger stream, and in common channel models (such as the IID rayleigh single path channel matrix), there is significant disparity between the strengths of the stronger and weaker eigenmodes. However, this situation changes in presence of soft handover. The precoding is only determined by the serving cell (just as in the current CLTD design), and hence the relative disparity between the strengths of the two streams as seen by the non-serving cell could be much less than that at the serving cell. In fact, it is quite possible that the secondary stream is frequently the stronger stream at the non-serving cell, and is thus successfully decoded much better than at the serving cell. If the serving cell is informed of these decode successes, it can schedule larger packets on this stream, resulting in higher throughput. These throughput gains will be lost if the non-serving cell does not decode the secondary stream. There will still be some macro-diversity gains on the primary stream, but by the same reasoning described above, the primary stream could in fact be poorly received at the non-serving cell, and these gains may thus be much smaller. Hence, this approach does not look attractive.
As a concrete illustration of the above argument, consider a 2x2 MIMO channel matrix H=[h1, h2] of iid rayleigh fades, where h1 and h2 are column vectors of length 2. The strengths of the two spatial streams are given by the energies of h1 and h2, and are thus identical on average. Let H have the SVD representation H=USV, where U,V are unitary and S is a diagonal matrix with diagonal entries s1 and s2. Then under ideal SVD precoding, the effective new 2x2 channel is US, with resulting spatial stream strengths given by the squares of s1 and s2 respectively; and s1 is statistically much larger than s2. However, if the unitary precoder P is chosen based on another channel independent of H, then the effective new channel is HP, which is statistically indistinguishable from H for any fixed P or random P that is independent of H.  Thus, like the channel H itself, such a precoded channel HP results in equal average strengths on both spatial streams.
Based on the above discussion, we arrive at the following proposals:

Proposal 1: Soft and softer handover are supported for UL MIMO radio links. This includes macrodiversity combining as well as interference control via power control.
Proposal 2: The non-serving cells for a UE configured with UL MIMO behave exactly as in UL CLTD soft handover; except that they also decode S-E-DPCCH and S-E-DPDCH, and issue S-E-HICH to indicate decode status of S-E-DPDCH.

Proposal 3: Through Iub signaling, the RNC informs the serving cell of the decode status of the S-E-DPDCH after decode attempts by all the non-serving cells. RNC also maintains outer loop power control target SNR as in the current CLTD design.
3
Conclusion
We have proposed a simple design for soft and softer handover for UL MIMO.
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