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1. Introduction
Codebook based precoding scheme is a method to increase the performance in low mobility. However, it requires PMI (Precoding Matrix Index) feedback information that provides a trade off between performance and feedback overhead. In this contribution, we evaluate the link level performance with the same feedback overhead scenario in which various cluster size and PMI reporting period are assumed.

2. Codebook-based Precoding Scheme
So far, a lot of contributions [1]-[2] have shown that codebook-based precoding matrix or vector is one of the promising techniques for E-UTRA downlink MIMO under closed-loop scenario. In the codebook-based precoding system, UE should feed back preferred precoding matrix index (i.e., PMI) to Node-B within feedback update period.  In order to reduce feedback overhead, we can feed back a PMI for one or more RBs and/or increase feedback update period. However, there are many combinations of cluster size and feedback update period that has same feedback overhead.

In this contribution, we study which combination of cluster size and feedback period is more appropriate to increase system throughput.
3. Simulation Results
The parameters of link level simulation are listed in the table 1.
Table 1. Simulation parameters
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1 ms

	Resource block size
	36 subcarriers x 10 OFDM symbols

	Channel Models
	TU (3km/h, 15km/h)

	Modulation schemes and channel coding rates
	QPSK 1/3, QPSK 1/2, QPSK 3/4
16-QAM 1/2, 16-QAM 5/8, 16-QAM 3/4
64-QAM 3/5, 64-QAM 2/3, 64-QAM 3/4, 64-QAM 5/6

	Rank Adaptation
	Yes (codebook scheme for both rank 1 and rank 2)

	Channel Code
	Turbo code (11, 13)Component decoder : max-log-MAP

	Antenna configuration
	[2Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0.0, 0.0)

	Codebook for 2 rate
	Codebook of size 8 in [3]

	Feedback delay
	3TTI

	CQI feedback period
	6TTI

	PMI feedback period (TTI)
	6, 12, 18 and 24

	Cluster size (RB)
	1, 3, 6, 12 and 24

	Channel Estimation
	Perfect channel estimation

	Target BLER
	10%

	HARQ
	Bit level Chase combining

	Retransmission delay
	3TTI

	Maximum retransmission
	4


3.1 TU 3km/h

In this simulation, we compare the several combinations of the cluster size and PMI feedback update period for precoding scheme. Before discussion on the performance versus feedback overhead, we clarify the ignorable difference appears within a combination as shown in Figure 1~3. Note that FO (feedback overhead) is quantitatively defined as number of PMI’s per TTI. We assume that PMI feedback period desirable is equal or longer than CQI feedback period such that the maximum number of PMI’s for 24RB’s in 5MHz are 24, thus, max. FO=(24 PMIs)/6TTI=4. (M RBs, N TTI) means that one PMI per M RBs is fed back every N TTI.
Table 2. List of three examples of combinations of cluster size and feedback period

	Case 1 (FO = 4/3)
	Case 2 (FO=2/3)
	Case 3 (FO=1/6)

	A : 1RB, 18TTI 
B : 3RBs, 6TTI
	A : 3RBs, 12TTI 
B : 6RBs, 6TTI
	A : 6RBs, 24 TTI

B : 12RBs, 12 TTI

C : 24RBs, 6TTI


Figure 1~3 show the link level performances of the 2x2 precoded SU-MIMO system under TU 3km/h with various feedback overhead. As shown in the figures, the precoding schemes with same feedback overhead have negligible performance difference. 
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Figure 1. Link level performance of case 1.                               Figure 2. Link level performance of case 2
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Figure 3. Link level performance of case 3.
Figure 4 shows the link throughput performance versus feedback overhead for several operating SNR points such as 0, 10, 15, 20, and 30 dB. Here, 0 and 30 dB have almost flat curve regardless of feedback overhead while 10, 15 and 20 dB show 5~10% difference between maximum and minimum throughput depending on feedback overhead. If we set the allowable performance loss to be below 5% compared to maximum performance, the proper feedback overhead is 1/3 which is equivalent to the combinations of “3RBs and 24TTI” or “6RBs and 12TTI.” Figure 4 refers to Table 3.
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Figure 4. Link level performance according to various feedback overheads.

Table 3. Throughputs with various SNR and Feedback Overhead

	SNR\FO
	1/24
	1/18
	1/12
	1/9
	1/6
	2/9
	1/3
	4/9
	2/3
	1
	4/3
	2
	4

	0 dB
	0.379
	0.381
	0.383
	0.384
	0.399
	0.403
	0.415
	0.419
	0.424
	0.428
	0.433
	0.438
	0.441

	10 dB
	1.191
	1.193
	1.197
	1.198
	1.224
	1.228
	1.253
	1.261
	1.266
	1.279
	1.290
	1.304
	1.312

	15 dB
	1.784
	1.791
	1.793
	1.796
	1.819
	1.827
	1.848
	1.859
	1.864
	1.869
	1.880
	1.894
	1.909

	20 dB
	2.477
	2.473
	2.481
	2.490
	2.501
	2.509
	2.519
	2.530
	2.543
	2.551
	2.559
	2.578
	2.591

	30 dB
	3.436
	3.437
	3.438
	3.439
	3.437
	3.435
	3.434
	3.427
	3.430
	3.439
	3.434
	3.436
	3.433


3.2 TU 15km/h
Simulation parameters are identical as in the section 3.1 except user speed 15km/h. Figure 5~7 show that there is also no significant performance differences between combinations with same feedback overhead as found in the section 3.1.

Figure 5. Link level performance of case 1.                               Figure 6. Link level performance of case 2

Figure 7. Link level performance of case 3.

Figure 8 shows the link throughput performance versus feedback overhead for several operating SNR points such as 0, 10, 15, 20, and 30 dB. Here, 15, 20 and 30 dB have almost flat curve regardless of feedback overhead while 0 and 10 dB show 5~12% difference between maximum and minimum throughput depending on feedback overhead. If we set the allowable performance loss to be about 5% compared to maximum performance, the proper feedback overhead is 1/3 which is equivalent to the combinations of “3RBs and 24TTI” or “6RBs and 12TTI.” Figure 8 refers to Table 4. 

Figure 8. Link level performance according to various feedback overheads.
Table 4. Throughputs with various SNR and Feedback Overhead

	SNR\FO
	1/24
	1/18
	1/12
	1/9
	1/6
	2/9
	1/3
	2/3
	4/3
	4

	0 dB
	0.299 
	0.302 
	0.304 
	0.302 
	0.313 
	0.302 
	0.319 
	0.323 
	0.334 
	0.341 

	10 dB
	0.888 
	0.887 
	0.887 
	0.890 
	0.886 
	0.880 
	0.905 
	0.901 
	0.913 
	0.927 

	15 dB
	1.356 
	1.351 
	1.356 
	1.355 
	1.354 
	1.343 
	1.363 
	1.356 
	1.352 
	1.366 

	20 dB
	2.005 
	2.002 
	2.005 
	2.001 
	2.002 
	2.001 
	2.009 
	2.003 
	2.007 
	2.010 

	30 dB
	3.285 
	3.290 
	3.290 
	3.292 
	3.289 
	3.292 
	3.285 
	3.289 
	3.295 
	3.296 


4. Conclusions

In this contribution, we evaluated impact of feedback overhead amount on the link throughput performance loss.

From the simulation results, we can summarize the observations for 2-Tx MIMO in 5MHz system.
· Given feedback overhead, performance difference among combinations are insignificant. (see Figure 1~3   

and Figure 5~7)
· If the performance loss is allowable to be about 5% compared to that of FO=4, it is the most proper choice to adopt FO=1/3 equivalent to “3RBs and 24TTI” or “6RBs and 12TTI.” (see Figure 4 and Figure 8)
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(a) 1 RB, 24 TTI




(b) 24RBs, 1TTI

Figure 9 Cluster size and PMI reporting period of case 1
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(a) 3RBs, 12 TTI




(b) 6 RBs and 6 TTI
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(c) 12 RBs and 3 TTI

Figure 10 Cluster size and PMI reporting period of case 2
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