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Introduction
Closed loop transmission schemes have been available for the HSPA downlink since Rel-99. During RAN#50, a work item was commenced to standardise an uplink closed loop beamforming solution [4]. 
This paper is a revised version of [1] reviewing the options for a closed loop beamforming architecture.

A baseline assumption is that terminals implementing a Release 11 CLTD approach possess 2 TX antennas. Other terminal hardware implications are discussed alongside the individual schemes. It is furthermore noted that, unlike the case with open loop TX diversity the Node B should with these schemes have reasonably reliable information about the TX antenna weight/phases being applied and can take such information into account in it’s receiver algorithms (in particular channel estimation, SIR estimation etc.).

Closed loop beamforming options
Single pilot beamforming
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Where single pilot beamforming is applied, a single DPCCH is transmitted using the same TX antenna weights on each antenna branch as for the other channels. The TX chain thus looks similar to the previously studied open loop beamforming proposal.

The Node B can base assessments of the optimal weights to use on the RX signal from the UE (as opposed to open loop schemes, which rely on TPC commands and hence both signal and interference). The Node B may explicitly indicate which weights to use, or may send a differential indicator to modify the current weight setting. An absolute indicator enables the Node B to have explicit knowledge of the used weights and thus to adjust it’s channel estimation filtering to take into account the applied weights, and this increase demodulation performance. Such an approach is still possible for a differential indicator, although would be more prone to systematic error between the Node B assumed weights and the ones actually applied by the UE.
Some thought is needed as to how to set the weights during SHO operation. Either a network based solution is required or a (possibly specified) UE behaviour to select the Node B whose weights it should follow (for example, the Node B that has sent most “Down” TPC commands within a recent window.

Single pilot beamforming implies a need for 2 TX chains in the UE, each dimensioned to ½ of the total UE TX power. However in practice one of the chains may need to be dimensioned to full power to allow for compatibility to networks that have not implemented TX diversity and for PRACH transmissions.

Dual pilot beamforming
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Where dual pilot beamforming is applied, 2 DPCCHs are transmitted; whilst the E-DPCCH and E-DPDCH are transmitted over both antenna branches with a TX weight applied on each branch. Whether the pilots are transmitted on each antenna branch (as indicated in the example figure above) or whether they are precoded using TX weights is discussed further in [2]. Regardless of pilot precoding, the availability of 2 pilots enables the Node B to continuously calculate the optimal TX weights and signal these to the UE.
Again, in SHO a solution may need to be considered further as to which Node B a UE should follow. Furthermore, Node Bs may need to have explicit knowledge of which weights the UE has used. (However in practice, the Node B at which the RX SINR target is met is likely to be the Node B that decodes the current HARQ transmission successfully whilst at other Node B where the SIR target is not met, E-DPCCH and E-DPDCH decoding is likely to be anyhow unsuccessful even with the correct weights. Thus signalling of the weights around other Node Bs may not be essential).

It should be noted that there is not necessarily an increased DPCCH overhead. The channel estimate for the E-DPDCH demodulation can be formed from both of the DPCCHs, and thus the traffic to pilot ratio can be set with respect to the total DPCCH power. This implies an approximate halving of the power per DPCCH compared with no TX diversity.

Two approaches could be considered to power control. In the first, the two antenna branches are transmitted with equal power, and a single power control loop based on the composite SINR is maintained; this leads to different RX SINR at the two antenna branches. A second alternative would be to maintain two power control loops; one for each antenna branch. Such an approach would lead to equal RX SINR but different TX power.
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The first approach to power control would lead to an UL TX diversity scheme that most closely resembles DL TxAA and which could naturally be extended to a dual stream MIMO scheme similar to D-TxAA in the downlink.

The relative merits of these two approaches are discussed in [3]

Conclusion
Several approaches to closed loop beamforming exist and have been described for reference in this paper. The following table summarises  the key features of each scheme. The approaches are compared in [3], coming to conclusion that a dual pilot, equal TX power scheme shows good performance and is easily compatible with UL MIMO, and thus is the NSN & Nokia preferred architecture.
	Feature
	Single pilot BF
	Dual pilot BF (equal TX power)
	Dual Pilot BF (equal RX SINR)

	Required Node B feedback
	Absolute or differential TX weight setting command
	Absolute TX weight setting command
	Absolute TX weight setting command, TPC command per antenna branch

	SHO impact
	May need to decide which node B to follow
	May need to decide which node B to follow
	May need to decide which node B to follow

	UE implementation
	2 TX chains, equal power
	2 TX chains, equal power
	2 TX chains, power imbalance

	UL signalling
	None
	<Optional> Indicate used antenna to Non serving cells
	<Optional> Indicate used antenna to Non serving cells

	Additional UL overhead
	None
	None
	None

	Impact to UL ortohonality
	None
	1 or 2 non orthogonal DPCCHs
	1 or 2 non orthogonal DPCCHs

	Similarity to DL scheme
	Low
	Similar
	Medium
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