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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. While CQI and PMI reports can be frequency-selective, the current working assumption supports a single rank feedback per UE [2, 3]. Since CQI and pre-coding adapts to the instantaneous change in the channel, the CQI and the preferred pre-coding matrix vary the same feedback rate and hence can be assigned the same feedback rate. The preferred rank, however, may change at a slower rate (see, e.g. [4] where significantly reducing the rank feedback rate results in a small throughput loss). 

In this contribution, system-level simulation results are presented to demonstrate the throughput performance at different feedback rates for CQI+PMI. Numerical results show that the CQI+PMI feedback interval has a significant impact on the system performance. Increasing the CQI+PMI feedback interval from 2ms to 10ms can introduce a performance loss of up to 10%. In a companion contribution, we show that system performance is less affected upon lowering the rank feedback rate, where increasing the rank feedback interval from 2ms to 50 ms only incurs negligible performance loss. Based on the results in this contribution and other companion contributions [7, 8], we recommend the following:

· Since the preferred rate for rank feedback is substantially different from that for CQI+PMI feedback, the rank feedback should be defined and encoded separately from the CQI+PMI as suggested in [1].  

· For the CQI+PMI report, the feedback interval should be configured by the eNB according to the UE speed. To guarantee competitive system throughput up to 30 kmph UE speed, feedback interval of 2 ms, 5 ms, and 10ms should at least be supported.

2. Simulation Setup

The simulation assumptions are given in Appendix A. Given the estimated channel, the UE selects the optimum rank and pre-coding matrix to maximize its sum throughput. Frequency-selective CQI+PMI feedback on PUSCH (i.e., mode 3-2 in [9]) is assumed where one CQI + PMI report is performed for each sub-band of 5PRBs.
In the simulation, CQI+PMI feedback are reported every N sub-frame, where N = 2, 5, and 10. Note that CQI and PMI have the same feedback rate and are always reported at the same instant. The wideband rank feedback reports are sent every radio frame. 
3. Simulation Results 

Figures 1 - 3 depict the 5%, 10% and average sector throughput at different CQI/PMI feedback intervals, for 2x2 MIMO. The CQI+PMI feedback report interval varies within 2, 5, and 10ms. From these simulation results, it is found that the feedback rate has a significant impact on the MIMO performance. Compared to feedback interval of 2ms, increasing the feedback interval to 10ms reduces the average sector throughput by up to 10% at medium Doppler of 10kmph. However, the throughput loss with 10ms feedback interval is smaller at 3kmph UE speed.
Figures 4 – 6 demonstrates the performance for 4x2 MIMO with different CQI+PMI feedback intervals. Similarly, it is confirmed that the performance is highly dependent on the feedback rate. A similar trend is observed for 4x2 MIMO.
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Figure 1: 5% throughput of 2x2 MIMO
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Figure 2: 10% throughput of 2x2 
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Figure 3: Average throughput of 2x2 MIMO
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Figure 4: 5% throughput of 4x2 in SCM1A
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Figure 5: 10% throughput of 4x2 in SCM1A
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Figure 6: Average throughput of 4x2 in SCM1A

4. Conclusions
In this contribution, we study the CQI+PMI adaptation rate for codebook based 4-TX SU-MIMO pre-coding. We found that the system throughput is sensitive to the CQI/PMI feedback rate. For instance, increasing the PMI feedback rate from 2ms to 10ms introduces a throughput degradation of up to 10% at 10kmph and up to 5% at 3kmph. Based on the results in this contribution and other companion contributions [7, 8], we recommend the following:

· Since the preferred rate for rank feedback is substantially different from that for pre-coding feedback, the rank feedback should be defined and encoded separately from the CQI+PMI as suggested in [1].  

· For the CQI+PMI report, the feedback interval should be configured by the eNB according to the UE speed. To guarantee competitive system throughput up to 30kmph UE speed, feedback interval of 2ms, 5ms, and 10ms should at least be supported.
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Appendix A: Simulation Assumptions

The simulation assumptions are given in Table A1 below. 

TABLE A1: 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
	10 UEs

	Traffic Model
	Full-buffer

	System scenario
	Case 1 LTE: 500-m ISD

	System Bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	Codebook
	[2]

	PMI/CQI feedback interval
	2 ms

	Rank feedback interval
	10 ms

	UE speed
	3, 10, 30kph

	FFT Size
	512

	Resource Block size
	180 kHz 

	Pre-coding granularity
	5 PRBs

	CQI sub-band size
	5 PRBs

	CQI feedback scheme
	eNB configured 

	CQI bit-width
	4 bits

	Frequency differential CQI
	2 bits, offset value {-2,0,1,2}

	Spatial differential CQI
	3 bits, offset value {-4, -3,-2,-1,0,1,2,3}

	Spatial multiplexing scheme
	Zero-delay CDD

	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

	TX antenna spacing
	4

	Antenna pattern (horizontal)

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