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Introduction
A Study Item on uplink transmit diversity for HSUPA was approved at RAN#45 with the following scope:
· not requiring any newly standardised dynamic feedback signalling between network and UE

· simultaneous transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)
During RAN1#58bis, RAN1 discussed link and system simulation assumptions for TX diversity and a timescale for the evaluation. Although system simulations are not envisaged until early 2010, this paper discusses some issues that arise when considering system operation and makes some approximate calculations regarding the upper bound for system gain.
Some factors influencing system performance
Interaction between UEs weight/antenna estimation algorithms
In order to select an antenna or weight vector, terminals will need to in some way gather information about their uplink channel state. The feedback given from the basestation consists of scheduling commands and power control Scheduling commands are dependent on the overall feedback situation and the traffic situation of all of the UEs, as well as Node B implementation. Thus, the information can be considered to be fairly dependent on a whole number of factors, many related to the status of other terminals in the system.

Power control information relates directly to the quality of the uplink channels. However the power control loop is in general based on SINR; i.e. both received signal and interference at the basestation. The interference component will be dependent on the scheduling of other cells (inter-cell interference) and the actions of other UEs that are operating TX diversity (a switch in antenna or weighting vector by another UE in the system would lead to a change in interference conditions and hence impact the power control loops.

Such effects would not be observed when examining the link level performance gain for a terminal in isolation. The effects are likely to average out to a certain extent when the system is loaded with a large number of terminals. However when there is bursty traffic and the number of active terminals is low (with high user data rates), the possibility of a coupling between TX diversity decisions in different terminals, the appearance of traffic and Node B scheduling models should not be ignored.

Interference cancellation

The primary effect of TX diversity is to reduce the TX power required for achieving the target RX SINR at the Node B. As such, TX diversity will have a small effect on intracell interference, but a significant effect on intercell interference.

When interference cancellation algorithms are applied, then intracell interference is reduced and intercell may become of greater importance, thus boosting the relative gain of TX diversity. On the other hand, some of the effects of TX diversity on the basestation (e.g. smearing of channel estimations on different antennas or with different weights) could have the effect of degrading the efficiency of interference cancellation algorithms; thus we cannot assume that interference cancellation performance would be maintained for terminals using TX diversity.
Penetration of dual antenna terminals

If UL TX diversity were to be standardised, then clearly it would take time for TX diversity terminals to penetrate the market and replace legacy terminals. Furthermore, the cost in terms of components and battery of including multiple transmit antennas and possibly transmit chains might well mean that penetration of TX diversity terminals would never be 100%. Lower levels of penetration would have a direct effect on capacity gains

Compatibility with DC-HSUPA

Assuming that antenna switching would be implemented using 1 RF chain and an antenna switch, then the applicability of antenna switching to DC-HSUPA would be limited by the fact that only one antenna could be used on both carriers at the same time.
Transmit power limitations

Figure 1 indicates a cdf of the transmit powers of terminals in a full buffer scenario, with RoT 6dB in 500m cells. It can be seen that transmit power is well below the maximum for all UEs; such cells are capacity and not coverage limited. (If this were not the case, then DC-HSUPA would be of little benefit).  

[image: image1]
Figure 1 Uplink TX power distribution for Full Buffer traffic in a 500m cell
Interference cancellation algorithms may in the future enable some terminals to transmit with higher rates, however clearly in 500m cells there is plenty of headroom. Combining TX diversity with multiple carrier transmission may also imply a higher transmit power, however as already pointed out, antenna switching is not compatible with multiple carrier transmission.

Thus, for urban and suburban scenarios which are capacity rather than coverage limited, TX diversity should be evaluated in terms of capacity gain. For large cells, TX diversity may have the effect of improving cell edge user throughput at the cell edge; of course such improvements should be set against possible degradations due to soft handover (e.g. it is not possible to use the correct weight vector /antenna to all cells simultaneously; also the UE needs to estimates the status of many radio links).

Initial estimation of system capacity gains

This section makes an initial, non simulation based upper bound estimation of the system capacity gains that may be achievable with TX diversity and the impact of penetration level.

The evaluation does not take into account dynamic interaction between the terminals as described above or the effect of real traffic. Furthermore, the assumption is made that TX diversity has no impact on the RX SINR requirements, but only the intercell interference. 
The evaluation is based on a calculation of theoretical SINR and from it, cell throughput starting from the RoT.

The SINR per user may be calculated as:
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Where ( is the percentage of interference that is intracell interference and N is the number of users (set to 10 in this analysis). For an urban macrocell, a typical ratio of inter to intracell interference is 0.65 [1], which translates to (=0.6

Assuming an EbNo requirement of 1.5dB, then throughput can be approximately calculated as:
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Where T is the throughput in Mbps, ( represents the (linear) channel estimation loss (assumed as -1.5dB), ( represents the percentage of the SINR that is not overhead (assumed to be 95%) and the factor of 2 allows for RX diversity.
When UL TX diversity operates, a modified factor (’ is calculated as follows:
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Where LG is the Link level gain in dB. This adjustment makes the assumption that the link level gain does not impact the SINR required to achieve a particular data rate, but does reduce the intercell interference.

Based on the above formulations, figure 2 indicates system throughput without TX diversity, and with TX diversity, assuming 10 users/cell, 3dB link level gain and 100% penetration. 3dB is a figure that emerged in the previous RAN1 meeting as a reasonable number to consider as an upper bound on the gain.
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Figure 2 Estimated UL throughput without TX diversity and with idealised TX diversity in a macrocell environment
Figure 3 shows the percentage capacity gain of TX diversity compared to no TX diversity, assuming 100% penetration and 10 users/cell. The upper bound on the gain in this situation is ~25%. This reduces to ~17.5% if the link level gain is 2dB or ~10% if it is 1dB.
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Figure 3 Idealised UL TX diversity capacity gains dependent on the link level gain
Figure 4 shows the impact of UE penetration on the achievable capacity gains, considering link level gains of 1.5dB and 3dB. If 25% penetration is reached, the maximum achievable gain with 3dB link gain is in the region of 5-7%, rising to 12% at 50% penetration.
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Figure 4 Impact of UE penetration on TX diversity capacity gain
Conclusion

This contribution has discussed some issues relating to system performance of UL TX diversity that would not appear when considering single link performance. Furthermore, an initial estimation of system gains has been made based on simplified interference calculations. The analysis indicates an upper bound on capacity gain in Full Buffer of ~25%, with >50% penetration required to see >10% gains. Of course, detailed system simulations are required to confirm this analysis. Furthermore, the gains may well look different when considering e.g. bursty traffic, in which the intercell interference may be reduced dependent on activity factor and vary more rapidly.
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