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1. Introduction

HSUPA MIMO operation in soft and softer handover is an aspect that has not yet been discussed during the UL MIMO and 64 QAM Work Item. This document provides discussion of this topic and makes a few relevant recommendations. Specifically, the following is proposed:

· Proposal 1: Softer handover is supported for UL MIMO radio links both primary and secondary streams are considered to the reception. This includes macrodiversity combining as well as interference control via power control mechanisms.

· Proposal 2: Iub signalling is provided to inform all active set cells when the radio link is set up towards an UL MIMO configured UE.
· Proposal 3: Soft handover is supported for UL MIMO radio links, but non-serving NodeB tries to decode only primary stream. For non-serving NodeB this implies the use of one E-HICH feedback channel caring HARQ acknowledgments for primary stream only and includes interference control via fast power control for primary stream and SG reduction for both streams by E-RGCH. For RNC this implies the selective combining only for primary stream data. For serving NodeB it applies no difference in comparison to non-HO case.

· Proposal 4: In soft handover with an UL MIMO configured UE, it is optional for a non-serving NodeB to detect the transmission rank. 
By ‘UL MIMO configured UE’ we understand a UE that is capable of UL MIMO transmissions and for which the UL MIMO capability has been activated by the network; the activation mechanism details are FFS.

2. Discussion

2.1. Soft and Softer Handover Support
Macrodiversity combining and interference control are some of the basic principles of the WCDMA UL. As can be verified from Table 1, the simulated gains obtained for UL MIMO are on par with those obtained for SIMO transmissions. However most of the gain is achieved with the macrodiversity combining in softer handover, not with a selective combining used in soft handover. This leads to the following proposals:
Proposal 1: Softer handover is supported for UL MIMO radio links both primary and secondary streams are considered to the reception. This includes macrodiversity combining as well as interference control via power control mechanisms.

Proposal 2: Iub signalling is provided to inform all active set cells when the radio link is set up towards an UL MIMO configured UE.

Table 1. User throughput gains due to the SHO for cell edge UEs (10th percentile of average user throughput), PA3 channel model.

	#UEs/cell
	SIMO
	MIMO

	0.0175
	6.5%
	9.5%

	0.25
	2.2%
	20.6%

	1
	36.9%
	40.5%

	4
	25.3%
	8.1%

	10
	21.0%
	7.3%


2.2. Uplink Control Signalling
UL transmission rank will need to be discovered by the cells that do not belong to the serving radio link set and, in case of rank-1 fallback, also by the cells belonging to the serving radio link set. Broadly speaking, rank discovery may be accomplished in two ways, namely: blind detection or explicit rank signalling. In our view, the blind detection mechanism is preferred as this reduces the signalling overhead and allows the reuse of the already implemented reliable E-DPCCH detection and decoding algorithms. With reference to [1], for an UL MIMO configured UE, in the case of rank-1 transmission, the existing single stream E-DPCCH format is used for control signalling. In the case of rank-2 transmission, the existing single stream E-DPCCH format is used for control signalling associated with the primary stream and a new S-E-DPCCH channel is introduced for control signalling associated with the secondary stream, both channels are transmitted with primary stream precoding. This implies that for a correct demodulation of S-E-DPDCH on secondary spatial stream it is required first to receive correctly S-E-DPCCH on primary spatial stream. Blind detection is employed in the network to detect the rank used by the UE.

From the perspective of the non-serving NodeB in soft handover, radio link quality of primary and secondary stream is changing independently and the beam forming gains are not present due to the applied non-optimal precoding vector. Considering the case where the control signalling and data transmitted with a primary stream precoding are showing poor performance and in the same time secondary stream experience the excellent channel conditions, it seems less likely to receive correctly the user data on any of spatial streams. Therefore, we propose the following:

Proposal 3: Soft handover is supported for UL MIMO radio links, but non-serving NodeB tries to decode only primary stream. For non-serving NodeB this implies the use of one E-HICH feedback channel caring HARQ acknowledgments for primary stream only and includes interference control via fast power control for primary stream but SG reduction by E-RGCH is applied for both streams. For RNC this implies the selective combining only for primary stream data. For serving NodeB there is no difference in comparison to non-HO case.

Proposal 4: In soft handover with an UL MIMO configured UE, it is optional for a non-serving NodeB to detect the transmission rank. 
In case of transmission with rank 2, S-E-DPCCH is present and a non-serving NodeB can take the advantage of using this channel for further channel estimation improvement for primary stream, but this behaviour should not be mandatory.
3. Summary

This document discussed the aspects of UL MIMO operation in soft and softer handover. A number of proposals were made, including blind detection of UL transmission rank by the network, reusing the current single stream E‑DPCCH format and restricting non-serving NodeB reception only to the primary stream for rank 2 transmissions. 
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