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Introduction
Closed loop transmission schemes have been available for the HSPA downlink since Rel-99. Recently, 3GPP discussed the merits of so-called “open loop” uplink TX diversity schemes although came to the conclusion that these schemes risk presenting significant risks to network operation due to the unpredictability of the many proprietary algorithms that must interact (power control, scheduling, UE based antenna/phase decision algorithms, RRM etc.). However the scope of the previous Study Item did not include so-called “closed loop” schemes, in which explicit feedback is sent from the Node B to the UE relating to adaptation of the TX antenna pattern. One such scheme was introduced in RAN1#61 [1].
This paper outlines a range of possibilities for closed loop TX diversity and provides some brief qualitative evaluation.

A baseline assumption is that hypothetical terminals implementing a Release 11 CLTD approach possess 2 TX antennas. Other hardware implications are discussed alongside the individual schemes. It should furthermore be 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 its receiver algorithms (in particular channel estimation, SIR estimation etc.).

Antenna switching

An antenna switching based closed loop scheme is defined as being one in which the E-DPCCH and E-DPDCH (and possibly also HS-DPCCH) are transmitted from only a single antenna at any point in time. Two variations of antenna switching exist; single pilot and dual pilot based.

Single pilot based antenna switching
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Single pilot based schemes are similar to the open loop SATD scheme considered previously; the UE transmits all pilots and data from only one antenna. Unlike the open loop approach, the Node B commands the UE which antenna to use. Node B control has a couple of practical implications:
· The evaluation algorithm for deciding on the antenna to use can be based on RX signal power at the Node B; this is potentially superior to TPC based schemes, which relate to SINR. Interference at the Node B can vary for many reasons unrelated to the link performance of the UE in question.

· The switching frequency and algorithm for deciding on which antenna to use is implementation dependent. Some examples include:

· Regular periodic switching

· Regular periodic switching, with a switch back after 1-3 slots if a new antenna is clearly inferior (An antenna could be identified as inferior if the RX power immediately after switching would drop significantly)

· A comparison in the Node B of the DPCCH RX power on the current antenna with the last known DPCCH power level on the previous antenna

In terms of UE implementation, clearly such a scheme could be implemented using an antenna switch and a single TX chain rather than a 2 TX chains as required by most other schemes. A network implementation issue to consider would be relevant filtering of channel impulse responses and whether to maintain a non filtered instantaneous channel impulse response estimate for evaluating RX power in slots immediately prior to and after switching antennas. A further issue to consider would be soft handover, and in particular whether responsibility for setting the TX antenna would reside with the serving cell only or with the cell whose pathloss would currently be lowest (which may change following an antenna switch). The latter option, whilst being more optimal implies greater complexity in the network or a (possibly specified) UE algorithm for evaluating which Node Bs antenna switching command to follow.

Dual pilot based antenna switching
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A dual pilot scheme is one in which two DPCCHs are transmitted; one on each antenna branch, whilst the other channels are transmitted on one branch only. Such an approach would enable the Node B to maintain continuous channel estimation and a continuous knowledge of the optimal antenna branch.
One means to operate such a scheme would be to transmit the DPCCHs with equal power and for the Node B to indicate continuously which antenna branch is superior (and based power control on that branch).

An alternative would be to continuously power control both branches such that the RX SINR target is met. The UE could then select the antenna branch with the lowest DPCCH level for data transmission. 
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The second approach naturally implies a need for UL signalling from the UE as to which antenna branch has been used. Also for soft handover situations, UL signalling may be needed for both possibilities as non serving Node Bs need to be aware of the used antenna branch (blind detection algorithms could prove to be highly complex). However the need for SHO is not clear, as Node Bs at which the RX SINR target is not met will anyhow be less likely to decode E-DPCCH & E-DPDCH.
The first scheme implies new Node B signalling to signal an antenna branch to use, and a similar issue in dealing with soft handover to the case with single pilot closed loop switching. The second scheme does not require any new type of signalling, but does require two power control commands (one for each antenna branch). However the second scheme lends itself well to SHO, as it will naturally lead to the UE meeting the SIR target at the optimal Node B(s) on each branch and still being able to evaluate which branch is the overall optimal (even if the SINR target is met at different Node Bs for the different branches).

It should be noted that both schemes imply an increase in overhead for pilot signalling. Channel estimation for demodulation can only be based on the same pilot as that used for the E-DPDCH. Thus, the traffic to pilot ratio must be maintained for each pilot individually, implying an approximate doubling in pilot overhead.

The DPCCHs may be code or time multiplexed; in either case at least some of the time a pilot will be transmitted that is not fully orthogonal with the E-DPCCH code structure, which may imply a loss of performance at high SINR (although this would hopefully be compensated by the gain in performance due to the antenna switching).

In terms of UE implementation, this scheme implies a need for 2 TX branches with power imbalance between the antennas. Furthermore, each antenna may need to transmit up to the full UE output power level.
Beamforming

Beamforming refers to schemes in which the E-DPCCH & E-DPDCH are transmitted simultaneously from both UE antennas, with a phase offset applied between the antennas.

Similarly to TX antenna diversity, beamforming may be implemented as a single pilot based scheme or using dual pilots.
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 open loop beamforming case.

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 its 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.
Similarly to the single pilot antenna switching case, 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; one on each antenna branch whilst the E-DPCCH and E-DPDCH are transmitted over both antenna branches with a TX weight applied on each branch. 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 needs 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 SINR 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 unlike the dual pilot antenna switching case, there is not necessarily an increased DPCCH overhead. The channel estimate for the E-DPDCH demodulation is 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.

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.

Conclusion
Several approaches to closed loop TX diversity exist and have been described in this paper in order to facilitate further discussions towards possible further uplink multiantenna studies. The following table summarises the key features of each scheme introduced in this document:
	Feature
	Single pilot SATD
	Dual Pilot SATD
	Single pilot BF
	Dual pilot BF (equal TX power)
	Dual Pilot BF (equal RX SINR)

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

	SHO impact
	Need to decide which node B to follow
	Simple if based on 2 PC loops
	Need to decide which node B to follow
	Need to decide which node B to follow
	Need to decide which node B to follow

	UE implementation
	One TX chain, antenna switch
	2 TX chains, power imbalance
	2 TX chains, equal power
	2 TX chains, equal power
	2 TX chains, power imbalance

	UL signalling
	<Optional> Indicate used antenna to Non serving cells
	(IF 2 TPC loops) indication of used antenna
	None
	<Optional> Indicate used antenna to Non serving cells
	<Optional> Indicate used antenna to Non serving cells

	Additional UL overhead
	None
	Doubling of DPCCH overhead
	None
	None
	None

	Impact to UL orthogonality
	None
	1 non- orthogonal DPCCH
	None
	2 non- orthogonal DPCCHs
	2 non- orthogonal DPCCHs

	Similarity to DL scheme
	Low
	Low
	Low
	Similar
	Medium
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