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1 Introduction

In 3GPP RAN1#58bis meeting, MIMO evaluation methodology was hotly discussed to progress UL rank 3 precoding. In summary, there are 2 different opinions on how UL MIMO should be evaluated
· Alt 1: One UE in one isolated cell [1][2]
· Alt 2: Following Commonly used assumption for 3GPP/ITU Evaluation: 10 UE per cell and cellular structure [3][4]  
Wireless communication system is typically interference-limited rather than noise limited. Thus cellular structure and UE number>1 are both very fundamental assumptions for LTE-A performance evaluation. In this contribution, we extend Alt2 to provide a thorough study on the traffic load impact (2/5/10 UE/cell) on power distribution of UL rank 3 precoding. 
2 Size 20 CMF and CMP Codebook
In this section, CMF/CMP codebooks with size 20 are designed.  Table 1 shows an optimized rank-3 CMF codebook and Table 2 shows an optimized CMP codebook.
Table 1 Size-20 CMF codebook
	Rank-3 codebook

· Size = 20
· Minimum chordal distance =0.2357
· 
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Table 2 Size-20 CMP codebook

[image: image22]
3 Simulation Results

In this section, results from system level simulation are presented where the transmit power of the UE is studied in particular. The simulation assumptions are shown in the appendix. 

The cumulative distribution function (CDF) of the UE transmit power is shown in Fig.1~ Fig.6 below for Case 1 and Case 3 where CMF stands for CMF codebook with size 20.  
Along with the CDF for the output power when rank 3 is selected, we also show the overall output power for all ranks (“All UE Power CDF”) in Fig. 7~Fig.8. 
We find that very often for rank 3 precoding, the UE transmission power is less than maximum PA power for all scenarios evaluated. 
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Fig.1 UE Power CDF (Case 1, 5UE/cell)
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Fig.2 UE Power CDF (Case 3, 5UE/cell)
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                                                Fig.3 UE Power CDF (Case 1, 2UE/cell)
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                                               Fig.4 UE Power CDF (Case 3, 2UE/cell)
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                                                       Fig.5 UE Power CDF (Case 1, 10 UE/cell)
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                                                          Fig.6 UE Power CDF (Case 3, 10 UE/cell)  
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                                                 Fig.7 All UE Power CDF (Case 1)
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                                               Fig.8 All UE Power CDF (Case 3)
4 Conclusion
This contribution evaluates the transmit power distribution of UL 4Tx rank 3 transmissions by system level simulations. It is found even at light load (2 UE/cell), the non-power-limited rank 3 transmission is still very often. Therefore, it is beneficial to include layer-power-balanced codewords for UL rank 3 precoding
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Appendix
Table 3 System simulation parameters

	Parameter
	Value

	Simulation Cases
	Case1;Case3;

	Carrier Frequency
	2.0 GHz

	Multi-Access
	SC-FDMA

	Power control
	Open loop 

	Maximum UE power
	24dBm(250mW)

	Noise Figure
	5dB

	Maximum C/I
	30dB

	Bandwidth
	10MHz(50RB)

	Traffic Model
	Full Buffer

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	2/5/10

	Rank Adaptation
	Yes

	Precoding
	Codebook based

	Channel Model
	SCM 

	Polarization
	Yes

	Vertical Antenna Gain
	Yes

	Fading Speed
	3km/h

	Antenna configuration
	4x4

	NodeB Element Distance
	4.0λ

	UE Element Distance
	0.5 λ

	Channel Estimation
	Ideal

	HARQ Transmission
	Maximum 4 transmissions

	HARQ Combining
	Chase Combining

	Max number of HARQ process
	8

	Scheduler
	PF

	User Scheduling Granularity ( RB)
	4

	Receiver Algorithm
	MMSE

	SRS processing Delay
	4 TTI

	DL Signaling Delay
	4 TTI

	Interference coordination
	No inter-cell coordination

	Target block error rate
	10%

	Power Control Parameter
	P0= -80   α=0.8 for Case1

P0= -86   α=0.8 for Case3
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