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1. Introduction

3GPP RAN1 #62 discussed further the possible solutions and potential for uplink closed loop transmit diversity. E.g. one contribution [1] listed a number of options that could be considered for further study, should 3GPP RAN task RAN1 to do so. In addition, another contribution [2] showed results of a remarkable practical effort, both laboratory and field test results on two possible closed loop Tx diversity options were presented.
Prior to the abovementioned contributions on uplink closed loop transmit diversity, 3GPP RAN study on open loop transmit diversity generated an extensive, 258 page technical report [3] on the concepts and performance of beam forming and switched antenna open loop configurations. 
This document briefly puts the open loop and closed loop approaches side-by-side and compares differences and similarities of the two.
2. Discussion

2.1 Background
A number of issues were still left unresolved when the 3GPP Study Item on open loop transmit diversity was closed and the TR25.863 approved under change control, the issues specifically listed in the conclusion section of the TR were:
1. NodeB Demodulation losses associated with various possible algorithms
2. Effects from mixes of different uplink Tx diversity algorithms and/or legacy UEs

3. Feasibility of testing of new core Tx requirements

4. Feasibility of testing TPC delay correctness

5. UE battery power and heat savings

These were specifically issues with open loop techniques. With closed loop these issues would be greatly mitigated because
1. NodeB Demodulation losses associated with various possible algorithms – This would not be a problem as the Node B would be in control, knowing the exact slot boundaries when there is a change in the UE transmission characteristics. Furthermore one could not expect conflicting algorithms to be run in a single base station.
2. Effects from mixes of different uplink Tx diversity algorithms and/or legacy UEs – As noted with point 1. one could not really expect compatibility problems from algorithms run in a single base station.
3. Feasibility of testing of new core Tx requirements – These problems, as detailed in [3] were specifically related to the fact that the UE behaviour is unknown and unspecified. This would not be a problem for closed loop mode approaches.
4. Feasibility of testing TPC delay correctness – This was specifically an issue with open loop algorithms operated based on the TPC feedback, but without a-priori knowledge of the TPC delay, which may change e.g. as a function of base station generation, receiver algorithm, UE distance from the base station and base station BB load. With closed loop schemes these again would not be problematic.
5. UE battery power and heat savings – The impact to UE power consumption was seen as a problematic area to quantify. This would not be any different for closed loop or open loop schemes, and as such it is not easy to say whether and how much the UE battery consumption would increase or decrease.
2.2 Beamforming Transmit Diversity Architecture
Figure 1 shows the block diagram as depicted in the open loop transmit diversity TR for open loop beamforming. Figures 2 and 3 depict UE reference architecture for the closed loop beamforming. One can easily see that the UE architectures don’t differ, the only thing that makes the difference is where the beam former parameterization originates from, i.e. whether the UE generates that on its own based on an undisclosed algorithm, or whether it explicitly originates from the Node B based on another undisclosed algorithm.
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Figure 1: Block Diagram of Beamforming Transmit Diversity [3]
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Figure 2: UE reference architecture for Single Pilot Closed Loop Beamforming Transmit Diversity [1]
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Figure 3: UE reference architecture for Dual Pilot
Closed Loop Beamforming Transmit Diversity [1]


2.3 Switched Antenna Transmit Diversity

Figure 4 shows the block diagram as depicted in the open loop transmit diversity TR for open loop switched antenna diversity. Figures 5 and 6 depict UE reference architecture for the closed switched antenna diversity options. One can easily see that the single pilot architecture in figure 5 equals to that of the open loop Tx diversity architecture. However, the dual pilot architecture of figure 6 would require two power amplifiers and thus is not architecture wise compatible with the other two. Still, one could see a similarity in the hardware architecture between the dual pilot antenna switching and beamforming, where the weights for the E-DPxCH channels simply set the amplitude towards one antenna to zero and to the other antenna to one. The big difference again is in where the decision to switch the antenna (or antenna weights in the case of dual pilot antenna switching) originates from the UE decision or direction from the Node B.
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Figure 4: Block Diagram of Switched Antenna Transmit Diversity [3]
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Figure 5: UE reference architecture for Single Pilot Closed Loop Switched Antenna Transmit Diversity [1]
	
[image: image6.emf]P

A

1

P

A

2

DPCCH1

DPCCH2

E-DPCCH, 

E-DPDCH

Switch

(Power Control Ant 2)

(Power Control Ant 1)


Figure 6: UE reference architecture for Dual Pilot
Closed Loop Switched Antenna Transmit Diversity [1]


3. Summary and Conclusion

Even after extensive 3GPP studies on open loop transmit diversity; a number of open issues still remained. This can be seen inherent to the nature of the open loop schemes and in general to the different network implementations and field environments, where the network behaviour may, and will be vastly different, and a-priori not known to the UE. At the same time the UE behaviour will be unspecified and unknown to the network. In addition one could foresee a multitude of different UE solutions operating at the same time under the same cell. Due to this, it would be very difficult to gain sufficient confidence in open loop methods to actually take them in use in multi-billion Dollar/Euro/Yuan/Yen/… networks critical to the success of their operators, unless a sufficient safety valve has been designed in. One such solution proposed is to switch off the transmit diversity if so signalled by the network. This is of course a simple and effective solution, but can be seen as eating away the incentive of introducing additional hardware in the UE design, undermining the likelihood that transmit diversity would become a reality in the field.
As one could foresee that the closed loop schemes would perform close to the genie results of TR25.863 [3] typically significantly outperforming the practical open loop schemes, there would seem to be a performance incentive in closed loop schemes, even if the open loop solutions proved to be safe and sound. In the latter case the open loop schemes could be seen as complementary to the closed loop schemes. 

The discussion section in this contribution asserted that the system behaviour related open issues of the open loop transmit diversity are not issues with closed loop schemes. It furthermore showed, in a very high level, that for a particular UE open loop Tx diversity hardware architecture, there is a closed loop scheme that can be realized with the same HW architecture. Hence it would seem safe and device hardware-wise economical to consider the closed loop mode schemes as safe alternatives to the open loop schemes.
In conclusion; if the open loop schemes are to be introduced in 3GPP, we should consider introducing corresponding closed loop scheme as well, and due to rationale expressed, consider the possibility that a UE that implements an open loop scheme should also implement the corresponding closed loop scheme.
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