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1. Introduction
Selective per Antenna Rate Control (S-PARC) which is one MIMO candidate for Rel-7 have been evaluated according to the scenario defined in‎ [1] -‎ [2]. In contrast to our previous studies e.g. ‎[6], the study presented here include the additional cell isolation of 6dB that is described in ‎[2]. We provide results for 75% as well as for 50% power allocation with MMSE receivers and for SIC based receivers.
For the 2x2 configuration, the gain in system throughput with S-PARC and an SIC receiver is 45% compared to receive diversity only, and the gain in median and 90th percentile user throughputs is 45 and 60% respectively. When MMSE receivers are used the gain is approximately half of that shown for SIC receivers.
2. System simulations

The results presented here are obtained from dynamic system simulations. A description of the simulator, and some previous results, can be found in e.g. ‎[3], ‎[4], ‎[5], and ‎[6]. We present results for both 50 and 75% power allocation to HS-DSCH. Further, a maximum of 12 codes are allocated to HS-DSCH. We evaluate the 2x2 MIMO configuration, and the resulting throughput is compared to that of receive diversity only. The S-PARC scheme is used and all UEs are assumed to be equipped with SIC-GRAKE receivers ‎[7] or MMSE receivers. The system simulated consists of 21 cells (7 sites) in a hexagonal deployment with wrap around to diminish border effects. The offered load in the system is varied from an average load of 1 user/cell up to 10 users/cell. 10% of the total cell output power is allocated to the P-CPICH, in addition to the pilot channels, 1% is allocated to the non-orthogonal SCH and 11% is for other orthogonal channels e.g. HS-SCCH. Full buffer traffic with proportional fair scheduling is applied.
3. Simulation results
Figure 1–Figure 3 show system simulation results according to the case of 75% allocation of power to the HS-DSCH. Three systems are considered, namely 2x2 S-PARC with a successive interference cancellation (SIC) receiver, 2x2 S-PARC with an MMSE receiver (no SIC) and the reference 1x2 receive diversity system. While some form of iterative decoding and demodulation (e.g. SIC) is required in order to approach the large capacity offered by the MIMO channel, the simpler MMSE receiver is attractive from a complexity point of view and results are thus included here. 

Figure 1 plots the 10th and 90th percentiles of user throughput vs. system throughput for various offered loads, namely 1, 2, 5, and 10 users/cell. Figure 2 plots the distribution of user throughput for a fixed offered load of 10 users/cell. Figure 3 plots a histogram of the number of transmitted streams (the mode) for each system. For receive diversity, a single stream is transmitted all of the time, whereas for S-PARC the number of streams is adaptively selected depending on channel conditions.
In order to illustrate the effect of varying the amount of power allocated to the HS-DSCH, Figure 4 plots user vs. system throughput comparing 50% and 75% power allocations. In both cases the base stations transmit at full power; however, in the former there is 25% more power allocated to, say voice users, than in the latter. 
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Figure 1: 10th and 90th percentiles of user throughput vs. system throughput for 75% HSDPA power allocation for offered load of 1, 2, 5, and 10 users/cell.

[image: image2.emf] 


Figure 2: Distribution of user throughput for 75% HSDPA power allocation and 10 users/cell.


[image: image3.emf] 


Figure 3: Histogram of the number of transmitted streams (mode) for 75% HDSPA power allocation and 10 users/cell.
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Figure 4: 10th and 90th percentiles of user throughput vs. system throughput for 6 dB cell isolation. Two HSDPA power allocation values are compared, 50% and 75%.
4. Observations
Due to the improved SNR distribution, which stems from the increased cell isolation, the relative gain between receive diversity (RxDiv) and S-PARC increases both from a system and user perspective. Observing Figure 1 one can see that the gain in system throughput of S-PARC+SIC compared to RxDiv at a load of 10 users/cell is approximately 45%. Previously ‎[6], observed gains were in the order of 20-30%. Observing Figure 2, one can see that the gain in the median and 90th percentile throughputs for S-PARC + SIC compared to RxDiv are approximately 45% and 60% respectively for a fixed loading of 10 users/cell. In other words, half of the users in the system enjoy at least a 45% increase in throughput, and 10% of the users enjoy at least a 60% increase in throughput. 
As shown in Figure 1and Figure 2, S-PARC with the simpler MMSE receiver (i.e., no SIC) obtains slightly more than half of the above stated gains. While this seems like a large hit in performance, of course the benefit is a significantly reduced complexity receiver. The reason for the reduced performance is that the per-stream SINRs for the MMSE receiver are lower than for the SIC receiver. As a result, the fraction of time that 2 streams are selected instead of 1 is reduced (see Figure 3). This can be improved by use of e.g. the JD-GRAKE receiver ‎[8] which is particularly well-suited to the lightly dispersive channel in the urban microcellular environment. This receiver has a very similar architecture as the MMSE-GRAKE receiver; however, it offers improved soft bit values yielding improved decoding performance. Viewed another way, for a given level of performance, the required SNR for JD-GRAKE is less than that of MMSE-GRAKE, translating to higher rates at lower SNRs. The improved performance is obtained at the cost of slightly increased complexity in the soft value computation process. However, the complexity increment is by no means as large as moving to a SIC-based receiver. 

Reducing the power allocated to HS-DSCH from 75% to 50% results in similar relative performance for all schemes.  Observing Figure 4 reveals that all of the curves simply shift to the left and down, but their relative positions remain unchanged.
5. Conclusions

The system level performance of S-PARC has been evaluated in the micro urban scenario defined in ‎[2]. The user and system throughput has been used as a performance measure in the comparison. Results for both SIC-based receiver and a MMSE receiver are presented. The performance for different power allocations (50 and 75%) to HS-DSCH has also been studied. From the simulations it can be concluded that the gain of S-PARC, compared to receive diversity, in system throughput at a load of 10users/cell is around 45% when SIC-based receivers are used and approximately half of that if less complex MMSE receivers are used. The gain in the median and 90th percentile user throughputs for S-PARC + SIC compared to receive diversity are approximately 45% and 60% respectively for a fixed loading of 10 users/cell. In other words, half of the users in the system enjoy at least a 45% increase in throughput, and 10% of the users enjoy at least a 60% increase in throughput. When the power allocated to HS-DSCH is reduced from 75% to 50% all schemes keep their relative performance. 
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