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1. Introduction
To support MIMO operation, rank and pre-coding feedbacks are also needed in addition to the CQI. While CQI and pre-coding feedbacks 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, we study the feedback rate for rank adaptation and pre-coding matrices for 4-antenna systems.  Link-level simulation results are presented to demonstrate the rate at which the preferred rank and pre-coder change. It is confirmed that rank adaptation varies at a lower rate compared to pre-coding matrix adaptation. 
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 pre-coding feedback + CQI as suggested in [1].
2. Simulation Setup

The simulation assumptions are given in Appendix A. 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. Given the estimated channel, UE selects the optimum rank and pre-coding matrix to maximize its sum throughput. From the link simulation, the rate at which the rank and pre-coding reports change are recorded for different UE speeds. In the simulation, the rank and pre-coding feedback reports are sent every 1-ms sub-frame. This serves as the statistics to measure the preferred feedback rate of the rank report compared to that of the pre-coding report.
3. Simulation Results 

Figures 1 and 2 depict the number of rank and pre-coding matrix adaptations per 1000 TTI (1 second). We observe the following:
· As expected, rank adaptation occurs more frequently at higher UE speed and therefore requires more feedback to adapt to the channel variation. For example when UE speed is below 10kph, the change in rank typically occurs every tens of milliseconds. However when UE speed increases beyond 30kph, the change occurs every 5-6 TTIs. The dependence on the geometry can also be observed. In low geometry or high geometry ranges, UE will more likely to choose the lowest/highest possible rank. Hence, the change in rank occurs at a much lower rate. When a medium geometry range is observed, the optimum rank may fall into a wider range of possible numbers (e.g., rank 1, 2, 3, and 4), thereby necessitating more frequent rank feedback.
· The change in pre-coding matrix happens at a significantly higher rate than the rank adaptation. Unlike the rank adaptation, pre-coding adaptation is also very frequent when geometry is high. In such a case UE will likely to choose the highest rank (e.g. 2 for 4x2, and 4 for 4x4) for many channel realizations, but the optimum pre-coding matrix still varies within the same rank.
· The rank feedback changes approximately 2x slower compared to the pre-coding matrix feedback. 
Figures 3 to 5 depict the CCDF of rank and pre-coding matrix adaptation intervals for 4x2. Similar results for 4x4 are plotted in Figures 6 to 8. The adaptation interval is defined as the interval (TTIs) between 2 consecutive changes in rank or pre-coding reports. We find that

· The difference between the rate of change for the rank and pre-coding reports becomes more significant for lower percentile. Focusing on the 70-percentile, it can be observed that it is safe to perform pre-coding adaptation every 4-5 sub-frames in order to ensure proper operation at up to 30-kmph. Rank adaptation can be performed every 6-8 sub-frames. This is in accordance to the previous observation (drawn form Figures 1 and 2). Further overhead saving can be obtained if the Node B configures the rank report interval depending on a rough estimate of the UE speed.
· When geometry is very low (e.g. less than 0 dB) or very high (over 15dB), the rank report changes at a much lower rate. This shows that some adaptive rank feedback mechanism should be considered, where UEs at cell edge or cell center should be scheduled to feedback rank less frequently to reduce the feedback overhead. 
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Figure.1 Rank and pre-coding matrix adaptation rate in 4x2 systems
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Figure 2 Rank and pre-coding matrix adaptation rate in 4x4 systems
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Figure 3: CCDF of rank and pre-coding matrix adaptation interval for 4x2 systems, geometry = 0 dB
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Figure 4: CCDF of rank and pre-coding matrix adaptation interval for 4x2 systems, geometry = 8 dB.
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Figure 5: CCDF of rank and pre-coding matrix adaptation interval for 4x2 systems, geometry = 16 dB.
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Figure 6:  CCDF of rank and pre-coding matrix adaptation interval for 4x4 systems, geometry = 0 dB.
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Figure 7:  CCDF of rank and pre-coding matrix adaptation interval for 4x4 systems, geometry = 8 dB.
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Figure 8:  CCDF of rank and pre-coding matrix adaptation interval for 4x4 systems, geometry = 16 dB.
4. Conclusions
In this contribution, we study the rank and pre-coding matrix adaptation rate for codebook based 4-TX SU-MIMO pre-coding. As expected, we found that rank adaptation and pre-coding matrix adaptation are functions of the UE speed and geometry. It is found that rank adaptation happens more frequently in medium geometry range, and less frequently in low and high geometry range. Note that the feedback rate is configured by the Node B. In particular, it can be observed that the rank feedback can be updated approximately 2x less frequent compared to the pre-coding feedback. The actual feedback interval can be configured by the Node B depending on the UE speed and geometry,

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 pre-coding feedback + CQI as suggested in [1]. Also, since the rank and pre-coding feedback rates are configured by the Node B, set of possible feedback rates should be chosen such that the rank feedback is performed at a lower rate compared to the CQI + pre-coding feedback. The exact set of values should be determined via further evaluation (e.g. system level simulation) similar to the study performed in [4].
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Appendix A: Simulation Assumptions

The simulation assumptions are given in Table A1 below. 

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	Channel Model
	SCM 1A

	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, 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 
	1ms (14 OFDM symbols)

	MIMO receiver 
	LMMSE

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


Table A1: Link Level Simulation Assumptions
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