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1
Introduction

In uplink closed loop transmit diversity (CLTD), the beam formed DPCCH and S-DPCCH cause phase discontinuity at the receiver. This causes performance degradation unless addressed by mechanisms that compensate for this discontinuity [1].
In previous meetings, we have presented the enhanced symmetric beamforming scheme and its benefits. In this contribution we provide a summary of the benefits due to this feature.
2
Phase Discontinuity
The beamforming phase applied at the UE is quantized to 4 finite number phase levels. Due to this phase quantization and downlink feedback error, the trajectory of the beamforming phase used by the user equipment (UE) is discontinuous. In order to estimate the channel, the Node B receiver typically uses a pilot filter averaging over two or more slots. Consequently, the discontinuous phase trajectory will have a negative impact on the channel estimate and cause performance degradation at the receiver.  
The following are the beamforming schemes that can be used in CLTD. Some of the schemes offer better phase discontinuity correction than others. 
2.1
Asymmetric Beamforming

Asymmetric beamforming applies the phase in only one of the pilots. The DPCCH is precoded with the stronger beamforming weight vector 
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 , and the beamforming phase is denoted by  
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. The secondary pilot channel (S-DPCCH) is precoded with the weaker orthogonal weight vector:
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Channel sounding in the presence of asymmetric implementation can cause negative effects at the receiver. (see [1])
2.2
Enhanced Symmetric Beamforming

This is an enhancement of the symmetric type of implementation.  Symmetric implementation is not suitable for CLTD beamforming where phase changes up to 90 degree or larger occur from one slot to the next. However, with some modifications, it is seen that symmetric implementation can indeed be applied to CLTD as well. We refer to this as the enhanced symmetric beamforming. A brief description of the algorithm is given below. 

2.2.1
Algorithm Description

Assume the beamforming phase 
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 is used by UE for slot n. For slot n+1, the received beamforming phase signalled by the NodeB is 
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. The final beamforming phase 
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that the UE applies in slot n+1 is computed in the following way:
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For the purpose of beamforming phase determination, the serving Node B needs to run the same algorithm as UE to keep track of the phase trajectory so that its receiver can remove the beamforming effect. A more detailed description with examples is provided in Annex A. Additional details of the enhanced symmetric beamforming is also provided in [2]. 
2.3
Channel Synthesis

The true physical channel is synthesized at the NodeB by constructing the channel matrix and removing the precoding by multiplying with the inverse of the precoding matrix.  Channel estimates of the physical channels can then be obtained by filtering across two or more slots. Finally, the composite channel estimate for data demodulation is constructed from the constituent physical channels and the beamforming phase applied. A more detailed description of channel synthesis can be found in Annex B. Additional details can also be found in [2]. 

Note that channel synthesis can only be applied at the serving NodeB since the non-serving NodeB is unaware of the beamforming weight vectors applied by the UE. Therefore, the gains of this phase compensatory technique are limited. 
3
Summary of Results and Benefits
The schemes listed in Section were introduced in [1] and the performance of each of these schemes was compared in terms of the transmit power gains and impact to the receiver. In addition to the above schemes, symmetric beamforming was also considered and compared to the other schemes. The symmetric beamforming scheme was considered for the study open loop transmit diversity and was proposed in [2]. The following are the main observations in [1]:

· Symmetric beamforming had poor performance compared to the other schemes.

· Enhanced Symmetric beamforming had better performance than Asymmetric beamforming. For instance, with a PCI error rate of 2%, the gains were ~0.3dB. 

· Channel Synthesis is a scheme that can be applied at the NodeB and could be applied to both Asymmetric and Enhanced Symmetric schemes – and indeed it did improve performance in both cases. However, even when channel synthesis is applied, Enhanced Symmetric beamforming has better performance.
· It was also noted that the additional benefit when channel synthesis is applied on top of enhanced symmetric beamforming was small ~0.2dB. Therefore, since most of the gains are obtained by the enhanced symmetric beamforming scheme, the network could avoid the additional complexity incurred by the application of channel synthesis.
In [3], the robustness of the schemes was compared.  The performance of each scheme (Asymmetric, Symmetric and Enhanced Symmetric) was compared when the PCI feedback error was introduced. The following are the main observations in [3]:
· Symmetric beamforming scheme has the worst performance among the schemes considered. Based on these results, this scheme can be eliminated as a design candidate. 

· Asymmetric beamforming only has significant performance loss when compared to the other schemes – almost 1dB in some cases. Therefore, channel synthesis has to necessarily be applied in order to regain the performance loss.

· Channel synthesis is susceptible to feedback error. For instance, as the PCI feedback error increased from 0% to 10%, the gains with Asymmetric beamforming with channel synthesis decreased from 2.5dB to 1dB. 

· Since the physical channel is extracted, knowledge of the beamforming phase applied at the UE is required. In case of feedback error, the UE and the NodeB are briefly out of sync in terms of their assumptions of the actual beamforming phase. This in turn causes an erroneous estimate of the beam phase for the subsequent TTI – causing an impact.
· Enhanced symmetric beamforming has the best performance among the schemes considered. This is because the algorithm is robust to feedback errors as the NodeB ensures that phase jumps of the order of 180degrees are curbed. As the PCI feedback error increased from 0% to 10%, the gains from Enhanced Symmetric Beamforming decreased from 2.5dB to 1.5dB. Consequently, the gain of the enhanced symmetric beamforming over the other schemes increases with the increase of feedback error rate. 

In [4], the performances of the schemes were compared when the UE is in soft handover. The performances were also evaluated when there was also an imbalance between the two NodeBs. The following observations were made:
· Channel Synthesis offers only a small gain when applied on top of Enhanced Symmetric Beamforming. Therefore, it is not strictly essential to implement channel synthesis to obtain most of the gains. However, for Asymmetric beamforming, it is essential to implement channel synthesis to achieve any gains. 

· When the non-serving cell is stronger than the serving cell – which is bound to happen in cell edge scenarios – enhanced symmetric beamforming has the best performance. When the imbalance is 3dB between the serving and non-serving cells, the performance of Enhanced Symmetric Beamforming was around 0.2dB better than Asymmetric Beamforming. This is because channel synthesis cannot be applied at the non-serving cell. 

More detailed descriptions of the schemes can also be found in the Annexes of documents [1], [3] and [4]. Based on the analysis conducted in the previous contributions, we can identify the following benefits of enhanced symmetric beamforming.

· Enhanced symmetric beamforming has the least complexity among the schemes considered. 
· While channel synthesis can be applied on top of enhanced symmetric beamforming, it is not strictly necessary. Most of the phase compensation gains are achievable due to enhance symmetric beamforming alone. 

· Enhanced symmetric beamforming is more robust to PCI feedback errors. 

Due to these reasons, the following is proposed.
Proposal:  Enhanced symmetric beamforming is adopted for CLTD.

4
Conclusions

In CLTD, there is a need for phase compensation at the NodeB (both serving and non-serving) to mitigate performance loss due to phase discontinuities.
In this contribution, a summary of the results and analysis performed so far was presented. The benefits and tradeoffs of the application of Enhanced Symmetric Beamforming were detailed. Based on the observations, the following is proposed:

Proposal:  Enhanced symmetric beamforming is adopted for CLTD.
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