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1
Introduction

In RAN1 meeting #46 in Tallin issues related to the HSDPA MIMO were discussed. Different uplink feedback structures for MIMO were also discussed. One possible solution is proposed in [1] where D-TxAA feedback information is coupled to channel quality indicator carried on the HS-DPCCH. Other solutions include a proposal where the existing FBI bits on DPCCH would be used for MIMO feedback. Some modifications to the FBI feedback structure were also proposed in [2]. 

The preferred structure of the uplink feedback is also dependent on the selected weight optimization criterion. Current specification assumes that the received power is maximized [3]. Second option is to maximize the received signal-to-interference ratio (SIR) as proposed in [2]. Third option assumes maximizing the sum-rate of the streams as targeted in [1]. As the number of selected streams affects the interference conditions, it is possible that the selected number of streams affects the selected feedback weight. Therefore, it might be reasonable to couple the FBI and CQI information in a single report, whereas the power maximization is insensitive to the interference assumptions and thus existing feedback mechanism would be sufficient. On the other hand, the power maximizing weight is simple to calculate whereas other criteria may require complex evaluation of SINRs. Furthermore, the SINR depends on the selected receiver algorithm, which would need to be taken into account.
In this paper, the performance impact of the weight optimization criterion is studied.

2
Simulation Results
The link simulation results are based on a sum capacity in a multipath fading channel and number of active streams is selected for each channel realization. In other words,
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where 11(H,w) equals the SINR of a code channel assuming single stream transmission and Nc1 equals the number of code channels for single stream transmission. Similarly for dual stream transmission, the 12(H,w) and 22(H,w) are the SINRs for the primary and secondary stream. The number of multicodes for dual stream transmission equals Nc2 assuming that the same number of multicodes is used for both streams. The SINR is calculated at the symbol level assuming a LMMSE chip equalizer receiver.
As can be seen from the equation, the SINR depends on the channel realization H and feedback weight w1 and w2 for single and dual stream cases. In fact, the SINR also depends on the number of active multicodes, geometry factor and HS-DSCH power allocation but these are omitted from the above equation for simplicity but taken into account in the simulations.
Three weight optimization algorithms were evaluated:

· Feedback is optimized to maximize signal power as in [3]. For simplicity, maximum ratio combining of multipaths is used to steer the primary beam. Thus, w1 = w2. 

· Feedback is optimized according to maximum SINR of the primary beam, i.e. 
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· Feedback is optimized according to maximum capacity, i.e. 
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The average sum capacity is depicted in Table 1. The link capacity was evaluated in ITU Pedestrian A (PA) and Vehicular A (VA) channels at various geometry factors. It was also assumed that the HS-DSCH power allocation is -1 dB (80% of the cell power) and 15 codes at maximum can be allocated. Maximum capacity per code was limited to 3 bits per symbol. It can be observed that the increased complexity in the feedback optimization improves the capacity but the differences between the results are small. Therefore, it can be concluded, that a rather simple power maximization algorithm provides good performance. On the other hand, it may be expected that different receiver algorithms may change the performance differences. It was also observed that the variance of the sum capacity was increased if the more complex optimization criteria were used. This could be exploited by scheduler algorithms if they are fast enough.
The feedback delay was not taken into account in the simulations. At nearly static channels this should not cause significant changes in performance but at slightly higher velocities the capacity increase of the more optimum algorithms may be lost.

The simulations show optimistic link performance, since optimum coding and modulation is assumed and there is no CQI granularity. Therefore, the throughput numbers are very high.

It seems that the algorithm that maximizes the received power can achieve relatively good performance. Because the least complex optimization criterion assumes that the same weights are used for single and dual streaming, there is no need to tightly couple the FBI and CQI fields. Therefore, the existing FBI structure can also be used for antenna weight feedback in MIMO system.

Table 1. Average sum capacity. [bits per symbol period]

	G [dB]
	PA max P
	PA max SIR
	PA max c
	VA max P
	VA max SIR
	VA max c

	0
	36.7
	36.7
	36.7
	31.6
	32,2
	32.2

	5
	47.4
	47.4
	47.4
	42.9
	43.3
	43.3

	10
	64.1
	64.4
	64.7
	59.0
	59.0
	59.1

	15
	79.0
	79.7
	80.5
	78.6
	79.0
	79.9


3
Conclusions

Different antenna weight calculation schemes were compared in this paper. Based on the results, it seems that the optimization criterion based on the received power provides practically the same performance as the more sophisticated algorithms. Since the same antenna weights can be used for single and dual stream cases, there is no need to tightly couple the FBI and CQI fields and the existing feedback structure for the FBI bits may be used. Furthermore, the more advanced feedback optimization algorithms would depend on the receiver structure. Thus, exact specification of the weight optimization algorithm maybe undesirable in order to maintain implementation flexibility. 
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