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1 Introduction
During the last RAN1 meetings the performance of open loop transmit diversity has been studied. The focus in the evaluations has been on quantifying potential performance gains with antenna switching diversity and beam forming and the evaluations have mainly been performed by means of link and system simulation evaluations. This contribution presents what we believe to be the main conclusions from our simulation papers [2]-[7]. Aside from putting these results in a greater context we also briefly discuss some aspects that have not been addressed in RAN1 so far. It is our view that also these issues need to be addressed before a conclusion on the SI can be drawn.
2 Discussion

In several of our simulation papers (see e.g. [2]-[7]) we have shown that uplink transmit diversity can reduce the UE transmit power – at least when the long-term antenna imbalance is 0 dB. Aside from increasing the standby time this can improve the coverage in situations where the UE is power limited (and not limited by the noise rise threshold, RoT). 

The performance evaluations presented in [4]-[7] focused on a scenario where the inter-site distance was 1000 m and UEs were mainly limited by the RoT threshold. In such contexts the system level gains arising from transmit diversity are solely due to improved link budget statistics. The improved link budget statistics reduce the transmit power used by UEs, which in the prolonging reduces the inter-cell interference. Consequently the gain that will be observed will be dependent on the cell isolation. For larger inter-site distances the fraction of UEs that are power limited increases and the system gains due to transmit diversity increases. This is because the gains now stem from the fact:

· Reduced transmit power due to the improved link budget statistics, and/or

· The fact that UEs that were power limited (and could not utilize their scheduled grant) now may be able to utilize their portion of the RoT budget.

Having said this, one should keep in mind that UEs who are power limited are likely to apply power scaling. Depending on the value of ed,k,min configured by the network this can result in that the UE applies equal power scaling. In that case the UE also scales its DPCCH power. A consequence of this is that TPC feedback transmitted by the NodeB does not reflect the channel quality. In fact, when equal scaling is applied the NodeB will only transmit TPC UP commands. Assuming that the diversity techniques only base their decision on TPC feedback this is likely to reduce the efficiency of the diversity algorithms. 
In RoT limited scenarios the gain associated with uplink transmit diversity arise as a consequence of increased isolation between adjacent cells. In [4]-[7] the performance associated with 2D and 3D antennas was evaluated. A general conclusion from these papers was that larger gains were observed for settings with 2D antennas. The difference could be attributed to the inter-cell interference modelling. As an example, it was shown in [4]-[5] that the median F-factor, i.e. the ratio of between the inter-cell and intra-cell interference, was 1.2 when 2D antennas were assumed. When 3D antennas and downtilt was modelled the median F-factor was reduced to approximately 0.6. The latter corresponds to what typically has been observed in macro-cellular urban networks. 
In the contributions (that included the modelling of 3D antennas) it was shown that practical antenna switching often results in reduced average data rates. The exact numbers depend on the long-term antenna imbalance and channel type and they can be found in [6]. The average transmit power can however be reduced with 15-25 percent when the long-term antenna imbalance is 0 dB. For the case where the second antenna has inferior performance (modelled by a long-term antenna imbalance of -4 dB) the practical antenna switching algorithm neither increased nor reduced the power consumption. Finally it was also shown that the performance achieved by the antenna switching algorithm was sensitive to the BLER target. As an example, when the system was operated at a BLER target of 2-10 percent (after the first transmission) it was shown that the practical antenna switching resulted in additional performance degradation. 
The practical beam forming algorithm is in general associated with slightly larger gain in average data rates than the antenna switching algorithm. The gain associated with the practical algorithm is however still rather moderate and the exact numbers depend on the long-term antenna imbalance and channel type and they can be found in [5]. With respect to the transmit power, beam forming can reduce the power with 15-25 percent when the long-term antenna imbalance is 0 dB. However, in contrast to the antenna switching significantly higher transmission power is required when the second antenna is associated with an antenna imbalance of -4 dB. This is due to that the beam forming algorithm always needs to utilize the inferior antenna whereas the antenna switching algorithm simply can avoid utilizing the antenna with inferior performance. To circumvent this problem, beam forming UEs would need to have at least one full power PA or implement a “power balancing network”. 
A major difference between the antenna switching and beam forming algorithms is that practical antenna switching algorithms always have the option of only using one antenna (as legacy devices). This is likely to make properly designed antenna switching algorithms more robust than the beam forming algorithms. In fact, for antenna switching it can in principle be argued that a “smart” algorithm always will avoid switching antenna when unfavourable situations occur. However, as long as there are not any possibilities for the network to enable/disable transmit diversity or even observe that a UE utilizes uplink transmit diversity, this would (strictly speaking) require that no algorithm fulfilling the requirements have adverse impact to system performance. Moreover, it is not clear that UEs have all necessary information for determining whether or not it is beneficial to apply transmit diversity. As one example of such a parameter we mention the BLER target. 
Finally, one should also keep in mind that if there does not exist any means whereby the network can enable/disable uplink transmit diversity it is not unlikely that this will reduce the future possibilities for network vendors to improve uplink efficiency by means of RRM. This is because any present or future RRM strategy would need account for how it would interact with all UEs that employ (possibly different) uplink transmit diversity algorithms. In light of this, we see great value of enabling the network to enable/disable uplink transmit diversity – preferably on a per UE basis.
In addition to the aspects mentioned above, there are still several aspects that need to be considered in order to provide a complete picture of the system performance (these were mentioned in [1]):

· HS-DPCCH performance in SHO: With beam forming algorithms it is not unlikely that UEs in SHO direct the beam towards a non-serving NodeB. However, since the HS-DPCCH only is decoded by the serving NodeB this may results in reduced HS-DPCCH performance. Reduced HS-DPCCH performance will in turn result in reduced downlink data rates. To tackle this problem the network would need to apply a larger gain factor for the HS-DPCCH. However, since the network is unaware of both whether a particular UE utilizes beam forming algorithms (and if so what specific algorithm that is used) this additional offset would need to be used for all UEs.

· Bursty traffic performance: The studied transmit diversity algorithms are based on TPC feedback. This means that when the UE enters CELL_DCH it may have a miss-directed beam (or alternatively use the “wrong” antenna). As more and more TPC feedback information becomes available to the UE the direction of the beam will be modified and after some time-period a stationary state will be reached. However, whether or not this stationary state is reached will depend on file size. Thus the gain for realistic uplink traffic will probably be smaller than the one observed in the full-buffer simulations presented so far.
· DC-HSUPA solutions: One of the advantages with the antenna switching algorithm is that it relies on a single full power PA. However, this means that transmissions only can occur from one of the two transmit antennas at a time. Hence transmissions on both carriers need to take place from the same transmit antenna. Since e.g. the fading will be different for the two uplink carriers the potential benefit from antenna switching will most likely be reduced. Furthermore it is not straightforward how the UE should combine the TPC commands associated with the two carriers when selecting transmit antenna.
· PRACH coverage for beam forming: In a solution with two half-power PAs transmissions will always occur from both antennas. This means that there always will be an associated beam. This beam will moreover initially have a random direction. 
· Performance with CPC: CPC operation will result in that TPC information becomes available less frequently.
· E-DPCCH performance: All the presented link level studies have assumed ideal decoding of the E-DPCCH. 
Of these issues we believe that the bursty traffic performance, PRACH coverage form beam forming and E-DPCCH performance are most important to investigate.

3 Conclusions
This contribution has presented some considerations associated with uplink transmit diversity. In particular, we highlighted several potential problems with uplink transmit diversity solutions in which the network lacks the ability to enable/disable the feature.
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