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1. Introduction
To support MIMO operation, rank and pre-coding matrix index (PMI) reports are also needed in addition to the CQI. The feedback rate for rank and PMI reports are studied in [1, 7-9]. Another aspect related to MIMO-related UE feedback is the frequency granularity of the PMI feedback. The current working assumption supports an eNB-configurable frequency granularity for the PMI report. Different values have been suggested, e.g. 2RB, 5RB, wideband while 5RB granularity is used as a simulation assumption.
In this contribution, we evaluate the throughput performance for different PMI frequency granularities. 4-Tx pre-coding is assumed although the conclusion should hold for 2-Tx systems. The results suggest that at least two frequency granularities should be supported for the PMI feedback: wideband or 4/5/6-RB. This is inline with the current working assumption.
2. Simulation Setup

The simulation assumptions are given in Appendix A. Given the estimated channel, UE selects the optimum rank and pre-coding matrix to maximize its sum throughput. The number of bits for rank feedback is dependent on the highest rank that can be supported. For a 4x2 system where rank-1 and rank-2 pre-coding are possible, a 1-bit feedback is required to report the selected rank to the Node B. For 4x4 systems, a 2-bit feedback is required to send the rank information. The number of bits for PMI feedback is dependent on the size of codebooks of different ranks. As the 4-Tx codebook has 16 pre-coding matrices for each rank, a 4-bit feedback is required for each PMI report.

In the simulation we compare the following frequency granularities:

· Wideband precoding: a single PMI is selected for all RBs, with 4-bit feedback overhead.
· 5RB precoding: one PMI is selected for a group of 5 adjacent RBs. This results in 20 bits PMI feedback in a 5MHz system.

· Narrow band precoding: one PMI is selected for for each RB. Narrow-band precoding provides the highest granularity and performance, at the expense of 100 bits PMI feedback for a 5MHz system.
3. Link Level Simulation Results 
Link level results are shown in this section to demonstrate the performance with different precoding granularity. 
Figures 1-2 demonstrate the gain in average sector throughput at different precoding granularities compared to wideband precoding, in the SCM1A channel. From these results, it is noticed that 5-RB pre-coding granularity improves the throughput substantially compared to wideband pre-coding, achieving up to 10% gain in 4x2 system and 5% gain in 4x4 system. Narrowband pre-coding enables further throughput improvement, at the expense of the highest PMI feedback granularity.
Figure 3-4 show similar results in a TU channel. Again, we notice that 5RB precoding provides significant throughput improvement over wideband precoding, while narrowband has the optimum performance. 
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Figure 1: Performance gain in average throughput for 4x2 MIMO – SCM1A
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Figure 2: Performance gain in average throughput for 4x4 MIMO – SCM1A
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Figure 3: Performance gain in average throughput for 4x2 MIMO – TU
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Figure 4: Performance gain in average throughput for 4x4 MIMO – TU
4. System Level Simulation Results 

Table 1 summarizes the system performance with different pre-coding frequency granularities. In a 4x2 MIMO system, applying 5RB pre-coding improves the cell-edge throughput by up to 4%, and increases the average sector throughput by 3%. Further increasing the pre-coding granularity to narrow band pre-coding (e.g., one PMI for each RB) introduces additional throughput gain. However, this performance enhancement comes at a much higher PMI feedback overhead. In a 4x4 MIMO system, 5RB pre-coding improves the five-percentile and average throughput by 5% and 3% respectively, compared to wideband pre-coding. Further increasing the frequency granularity introduces additional gain of 6%, at much higher feedback overhead. Similar observation can be made for the uncorrelated TU channel (see Table 2).
Table 1. System Level Throughput (Mbps) for SCM1A channel, V = 3kph.

	
	
	Wideband
	5RB
	Gain over wideband (%)
	1RB 
	Gain over wideband (%)

	4x2
	5% TP 
	0.799
	0.803
	0.5
	0.828
	3.7

	
	10% TP 
	0.929
	0.971
	4.5
	0.996
	7.2

	
	Average TP
	17.088
	17.580
	2.9
	18.081
	5.8

	4x4
	5% TP 
	1.081
	1.131
	4.7
	1.1394
	5.4

	
	10% TP 
	1.312
	1.375
	4.8
	1.3852
	5.6

	
	Average TP 
	24.128
	24.955
	3.4
	25.058
	3.9


Table 2. System Level Throughput (Mbps) for TU channel, V = 3kph, correlation = 0.
	
	
	Wideband
	5RB
	Gain over wideband (%)
	1RB
	Gain over wideband (%)

	4x2
	5% TP
	0.643
	0.664
	3.3
	0.681
	5.9

	
	10% TP 
	0.711
	0.740
	4.1
	0.765
	7.7

	
	Average TP
	20.337
	20.731
	1.9
	21.188
	4.2

	4x4
	5% TP 
	0.925
	0.959
	3.6
	0.984
	6.4

	
	10% TP 
	1.034
	1.068
	3.3
	1.089
	5.3

	
	Average TP
	31.349
	31.715
	1.2
	31.790
	1.4


5. Conclusions
In this contribution, we study the frequency granularity of precoding for codebook based 4-TX SU-MIMO systems. System level simulation results show that 5RB precoding introduces in-negligible performance gain compared to wideband precoding.  Narrow band precoding (e.g., feedback one PMI per RB) has the optimum throughput performance, whereas its feedback overhead is substantially higher.

The results suggest that at least two frequency granularities should be supported for the PMI feedback: wideband or 4/5/6-RB which is inline with the current working assumption.
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Appendix A: Simulation Assumptions

The simulation assumptions are given in Table A1 and A2 below. 

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	Channel Model
	SCM 1A, TU

	MIMO configuration
	4x2 and 4x4

	TX antenna spacing
	4

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	FFT size
	512

	Resource Block size
	180KHz

	Pre-coding granularity
	5RBs

	MCS level
	QPSK r = 1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration 
	1ms (14 OFDM symbols)

	MIMO receiver 
	LMMSE

	4-Tx Codebook
	Constant modulus Householder [1] size-16

	Rank feedback interval
	5 ms

	PMI feedback interval
	5 ms

	CQI feedback interval
	5 ms

	UE speed
	3 kph

	Feedback delay
	2 ms


Table A1: Link Level Simulation Assumptions
TABLE A2: System Level Simulation Assumptions
	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either two or four 120-degree antennas per sector

	Number of UEs per cell
	15 UEs

	Traffic Model
	Full-buffer

	System scenario
	Case 1 LTE: 500-m ISD

	System Bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	4-Tx Codebook
	[2]

	PMI/CQI feedback interval
	5 ms

	Rank feedback interval
	5 ms

	UE speed
	3

	FFT Size
	512

	Resource Block size
	180 kHz 

	Frequency scheduling sub-band
	2 RBs

	MCS Levels
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 sub-frames (4-ms)

	Scheduling Criterion
	Proportional Fair

	HARQ Scheme
	Chase combining

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	MIMO Receiver
	LMMSE

	Channel Model
	SCM 1A, TU

	MIMO configuration
	4x2 and 4x4

	TX antenna spacing
	4

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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