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1. Introduction
Single user MIMO and multi-user MIMO could co-exist in the downlink transmission. For each stream of the downlink MIMO, commonly separate CQI should be fed back. Due to the limited capability of the UE feedback signaling, the CQI feedback for the downlink transmission is critical [1, 2]. Various schemes have been proposed to reduce the CQI feedback for the downlink transmission [3, 4, 5]. In order to reduce the CQI feedback for the multi-stream downlink MIMO, Samsung proposed a dynamic switch scheme for the multi-stream downlink MIMO transmission [3]. A dynamic switching between single user and multi-user MIMO is applied where a user only reports the best stream CQI so that the Node-B schedules and selects modulation and coding set even for multi-user MIMO. Since such a MCS selection is only well-suited for best stream, the performance loss of rest streams could be recovered by HARQ operations as expected.
In this contribution, an advanced MCS selection and power loading scheme is proposed for downlink multi-stream transmission with reduced CQI feedback signaling. Numerical results prove that the proposed scheme achieves a good trade-off between the amount of the CQI feedback and the throughput of the downlink multi-stream MIMO transmission. 

2. Proposed reduced CQI feedback scheme

Conventionally, for PARC, each stream requires one CQI feedback to select the proper MCS to optimize the system throughput. However, the CQI feedback signaling for each stream is very challenge. In [3], Samsung described an approach of dynamic switching between single user and multi-user MIMO whereby a user always reports a single best CQI. A single CQI is enough for scheduling multi-user MIMO operation where each UE is assigned with only one stream. However, if the UE is assigned with more streams, only the best stream CQI could be utilized to select the MCS for all the streams. Since such a MCS selection is only well-suited for best stream, the performance loss of the rest streams have to be recovered by HARQ operations. 
In the proposed scheme, the UE always reports a single best CQI assuming multi-user MIMO operation, as in the Samsung’s scheme. When Node-B schedules a UE in a single-user MIMO mode, the MCS for the best stream is selected based on the CQI feedback. However, one-level lower MCS is selected for the rest of MIMO streams. 

Additionally, the Node-B could apply power loading scheme if the SNIR of the best stream is higher than the highest SINR level in MCS. The redundant power will be evenly shifted to the remaining streams for throughput enhancement and the throughput of the best stream is still secured.

An example of CQI feedback and scheduling of proposed method for a single user 2×2 MIMO scenario is shown in Figure 1. The receiver calculates the CQI and feedback the better CQI value of the two streams along with the stream identification. The Node-B decides to schedule the UE in a single-user MIMO with transmission to the same UE on both streams. The MCS for the better stream is selected based on the CQI feedback. But for another stream, one-level lower MCS is selected. If the SINR of the better stream is higher than that required by the highest MCS, the following power loading algorithms could be applied.
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Figure 1: An example of CQI feedback and scheduling for a single-user MIMO scenario

Assuming stream 1 is better and the Node-B receives its CQI. P1 is the transmit power at stream 1, H1 is the channel attenuation for the stream 1, P2 is the transmit power at stream 2, H2 is the channel attenuation for the stream 2, and 
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 is the additive noise power. In addition, SINR1 is the feedback for stream 1, and SINRTarget is required SINR for the highest MCS of the stream 1.
Then, we have 
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Now, if the Node-B finds that the the SINR1 is larger than the requirement of the highest MCS, i.e., SINR1 >SINRTarget, then it will shift a power 
[image: image4.wmf]D

 from stream 1 to stream 2, subject to the following constraints:
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3.  Advantages and disadvantages of the proposed scheme

The advantages and disadvantages of the proposed scheme are listed as following. 

(1)Advantages:

· Keep the low CQI feedback signaling, because only one single best CQI is fed back in multi-stream MIMO;
· Lower the re-transmission probability because the other streams beside the best use one level lower MCS, rather than use the same MCS as the best stream;
· When power loading is applied, throughput of the system could be further increased.

(2) Disadvantages:

· In cases that the rest streams have the same SINR level as the best stream, it might induce throughput loss;
· Power loading needs the CQI feedback including the SINR value, rather than solely the MCS selection for the stream. However, note that mostly CQI including SINR value will be fed back from the UEs for scheduling purpose. 
4.  Simulation results 

We assume a SCM TU120 channel. Then, we simulate 5×105 sample and calculate the corresponding SINR received at each antenna by MMSE method. Furthermore, AMC is applied which can be shown in Tab. I.
Table I. Modulation and coding modes
	SINR
	Lower
	4.2
	5.0
	7.2
	9.8
	Higher

	AMC_mod_order
	2
	2
	2
	4
	4
	4

	AMC_code_rate
	1/2
	1/2
	3/4
	1/2
	2/3
	2/3


In addition, the Eb/N0 and BLER curves are shown in Fig. 2. The throughput for each stream is calculated by

Throughput = AMC_mod_order × AMC_code_rate × (1- BLER),

and the total throughput is the sum of the throughputs on all the streams.
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Figure 2: BLER and Eb/N0 curves for different MCS.

Thus, the throughputs of the different schemes are compared in Fig. 3, for the 2×2 (with two streams) MIMO system. From Fig. 3, we could see that the throughputs of the proposed scheme are higher than those of the Samsung’s scheme. Moreover, when power loading is applied, throughput could be further increased. Note that the throughput for the idea CQI feedback, where the Node-B could set the most suitable MCS for each streams, is the highest and could be viewed as an upperbound. However, when power loading is applied, the proposed scheme even outperforms the case with ideal CQI feedback (but without power loading). 

[image: image7.emf]5 10 15 20 25 30 35 40

0

0.5

1

1.5

2

2.5

3

x 10

6

Es/N0 (dB)

Throughput (bps)

 

 

Samsung scheme

Proposed without power loading

Proposed with power loading

Ideal CQI


Figure 3. The throughput comparisons for the schemes in a 2 × 2 system.
From Fig. 3, we could also see that when the average Es/N0 is high enough, such as 35dB, the Samsung’s scheme outperforms our proposed scheme, because the SNRs on both streams could be possibly higher than the MCS limitation. Note that in such a case, the proposed scheme still force the weaker stream to use one step lower MCS, thus suffers a degree of throughput loss.  
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