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1. Introduction

In this document we compared the performance among different granularity in frequency domain for precoding control for SU-MIMO case. We discuss the reasonable granularity for it based on the results. We also discuss signalling aspect for them.

2. Numerical analysis
2.1. Simulation assumptions
Following assumptions are used.

- Frequency granularity for precoding control:

1, 2, 5, 10, 25 and 50RBs.

- PMI reporting:

2, 5 and 10ms interval without feedback error.

- Codebook design:

DFT based 3-bit codebook for 2x2 configuration:
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DFT based 4-bit codebook for 4x2 configuration:
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- Reference signal structure:

According to working assumption on [6] (14.3% overhead)
- Frequency scheduling:

sub-band (continuous 5RBs) basis
Table 1. Simulation assumptions

	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	TTI duration
	1.0 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs per codeword
	5 (60 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub frame
	7

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	20 levels

[QPSK, R=1/8] [QPSK, R=1/5] [QPSK, R=1/4] [QPSK, R=1/3]

[QPSK, R=2/5] [QPSK, R=1/2] [QPSK, R=3/5] 

[16QAM, R=7/20] [16QAM, R=2/5] [16QAM, R=1/2] 

[16QAM, R=3/5] [16QAM, R=2/3]

[64QAM, R=1/2] [64QAM, R=11/20] [64QAM, R=3/5]

[64QAM, R=2/3] [64QAM, R=7/10] [64QAM, R=3/4]
[64QAM, R=4/5] [64QAM, R=5/6]

	Antenna configuration
	2x2, 4x2

	Channel environments
	TU (antenna correlation Tx:0.5, Rx:0.0)

	Channel estimation
	MMSE channel estimation

	Pilot and signalling overhead
	28.5% (14.3% for pilot and 14.2% for signaling)

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting
	2ms delay without feedback error

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6ms)


2.2. Simulation results
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Figure 1-a. Simulation results (2x2, w/o freq. scheduling)
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Figure 1-b. Simulation results (2x2, w/ freq. scheduling)
Figure 1-a shows performance loss of non-frequency selective precoding (50RB) at most 4.7 % compared to most frequency selective precoding (1RB) for 2x2 configuration. Under freq. scheduled scenario (Figure 1-b) frequency granularity of 1, 2 and 5RB show almost similar performance (less than 1 % difference).
Table 2 shows summary for 2x2 simulation results with different reporting interval and frequency granularity for precoding control. It shows performance with less frequency granularity has modest performance loss less than 5 % if reporting interval is either 2 ms or 5 ms.
Table 2. Simulation results summary (2x2, w/ ferq. Scheduling)
	Reporting interval [ms]
	Performance loss compared to 1RB granularity with frequency scheduling [%]

	
	2 RBs
	5 RBs
	10 RBs
	25 RBs
	50 RBs

	2
	0.60 
	0.87 
	1.71 
	2.13 
	2.44 

	5
	1.09 
	2.08 
	3.29 
	4.17 
	4.45 

	10
	1.07 
	2.61 
	3.61 
	4.56 
	5.08 


[image: image5.emf]Typical Urban 3km/h, 4x2, w/o freq. scheduling, 2ms interval
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Figure 2-a. Simulation results (4x2, w/o freq. scheduling)
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Figure 2-b. Simulation results (4x2, w/ freq. scheduling)
Figure 2-a shows severe performance loss of non-frequency selective precoding (50RB) around 13 % compared to most frequency selective precoding (1RB) for 4x2 configuration. On the other hand, under freq. scheduled scenario (Figure 2-b) performance difference between 1 and 5RB is around 2.4 % which is much smaller than the performance under non-freq. scheduled scenario.
Table 3 shows summary for 4x2 simulation results. It shows performance with less frequency granularity has modest loss within 5 % if control unit is up to 25RBs for 2ms reporting interval or up to 5RBs for 5ms reporting interval, respectively.
Table 3. Simulation results summary (4x2, w/ ferq. Scheduling)
	Reporting interval [ms]
	Performance loss compared to 1RB granularity with frequency scheduling [%]

	
	2 RBs
	5 RBs
	10 RBs
	25 RBs
	50 RBs

	2
	1.16 
	2.41 
	3.62 
	4.75 
	5.13 

	5
	1.95 
	4.37 
	6.33 
	7.89 
	8.27 

	10
	2.60 
	5.96 
	7.59 
	9.66 
	10.07 


2.3. Consideration on signaling

2.3.1 Feedback signaling for PMI
Table 4 is required data rate for feedback with different parameters for reporting interval and frequency granularity. If we use control unit of 5RB and 5ms reporting interval or less, required data rate for feedback is kept below 10kbps.
Table 4. Required data rate for feedback
	Reporting interval [ms]
	granularity [RB]
	Required data rate for feedback [kbps]

	
	
	2 tx antennas: 3-bit codebook
	4 tx antennas: 4-bit codebook

	2
	1
	75
	100

	
	2
	37.5
	50

	
	5
	15
	20

	
	10
	7.5
	10

	
	25
	3
	4

	
	50
	1.5
	2

	5
	1
	30
	40

	
	2
	15
	20

	
	5
	6
	8

	
	10
	3
	4

	
	25
	1.2
	1.6

	
	50
	0.6
	0.8

	10
	1
	15
	20

	
	2
	7.5
	10

	
	5
	3
	4

	
	10
	1.5
	2

	
	25
	0.6
	0.8

	
	50
	0.3
	0.4


2.3.2 Downlink signaling for PMI
If the common precoding matrix is applied to allocated RBs, required downlink signaling is 3-bit for 2 tx antenna case and 4-bit for 4 tx antenna case, respectively. On the other hand, full flexible allocation of precoding matrix requires increased number of signaling bit according to the number of allocated RBs, as a worst case M * 3 (4) bit for M RBs are required for 2 (4) tx antenna. Dedicated pilot for blind detection of precoding matrix could be used even though trials for all codebook would be necessary. 
3. Conclusion
The simulation results show coarse granularity in frequency domain is modest performance degradation compared to full granularity under frequency scheduled scenario. In addition, we further discussed signalling aspect. According to the results, we propose:
· For 2x2 configuration, 50RBs granularity for either 2 or 5ms reporting interval.
· For 4x2 configuration, 25RBs granularity for 2ms reporting interval or 5RBs granularity for 5ms reporting interval.
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