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1 Introduction

In 3GPP RAN1#57bis meeting, the MIMO codebook for uplink with 4 TX antennas was further progressed. The conclusion is as follows

Rank-1
· Decision: 

· Size-24: 16 constant modulus + 8 antenna-pair turn-off vectors 

· QPSK alphabet for rank-1 precoding proposals other than the rank-1 precoding specified in LTE Rel-8

· For further discussion: Rank-1 codebook in 2940 as baseline pending confirmation on the performance

· Final conclusion to be captured into the TR will be made in the next meeting

· Discuss further the relationship between the precoding and the power control

Rank-2

· Decision: 

· Size-16: CM-preserving matrices

· QPSK alphabet

· For further discussion: Rank-2 codebook in 2940 as baseline pending confirmation on the performance

· Final conclusion to be captured into the TR will be made in the next meeting

Rank-3

· Continue discussion taking into account 

· the impact on RS and related channel estimation/compensation performance

· impact on CM

· throughput

· coverage

· etc. 

In this contribution, an open issues for rank 3 transmission is further studied. There has been a discussion whether the cubic metric preserving criteria for the rank 3 precoding codebook (CMP codebook) is critical or whether the CM could be relaxed somewhat, to further improve the link performance by e.g. using a CM friendly (CMF) codebook. 

We therefore evaluate the transmit power distribution of UL 4Tx precoding by a system level simulation. The results show that the transmit power of rank 3 transmission is typically not maximum power limited.  
2 System Level simulation results 
In this section, results from a system level simulation is presented where the transmit power of the UE is studied in particular. The simulation assumptions and the resulting IoT curves are shown in the appendix. 
Two different eNB antenna spacing were evaluated, the 0.5 lambda and the 4 lambda case. The cumulative distribution function (CDF) of the UE transmit power is shown in Fig.1 and Fig.2 below for the two cases where CMF CB stands for CMF codebook with power balancing [1] and CMF CB2 stands for CMF codebook without power balancing [1].  
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”). 
We find that for 95% of the time in rank 3 transmission, the UE transmission power is less than 15 dBm and 13 dBm for the narrow and wide spaced eNB antenna array respectively.
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Fig.1 UE Power CDF (0.5lamda at both eNB and UE)
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Fig.2 UE Power CDF (0.5lamda at UE, 4lamda at eNB)

Looking at the CM differences between CMP and CMF codebooks, we notice that the CM loss for CMF is 0.9 dB for QPSK and 0.6 dB for 16QAM. Since the maximum output power of a UE is typically 24 dBm,  this leaves a significant transmission power headroom for the 95-th percentile UE in rank 3 transmission. This headroom can be seen in Fig.1 and Fig.2 as the difference between the “All UE Power CDF” and the rank 3 CDFs. 
3 Conclusion
This contribution evaluates the transmit power distribution of UL 4Tx rank 3 transmissions by system level simulations. It is found that rank 3 transmission is typically not power-limited, thus the cubic metric preserving (CMP) property is not critical characteristic for the rank 3 codebook design. 
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Appendix
System simulation parameters

	Parameter
	Value

	Simulation Cases
	Case1

	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
	10

	Rank Adaptation
	Yes

	Precoding
	Codebook based

	Channel Model
	SCM

	Polarization
	Yes

	Vertical Antenna Gain
	Yes

	Fading Speed
	3km/h

	Antenna configuration
	4x4

	BS Element Distance
	4.0 λ; 0.5 λ;

	MS Element Distance
	0.5 λ;

	Channel Estimation
	Ideal

	Harq Max Process Num
	3

	HARQ Combining
	Chase Combining

	Max number of HARQ process
	8

	Scheduler
	RR

	Number of RBs for User Scheduling
	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= -65   α=0.6
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Fig.3 IoT CDF (0.5lamda at both eNB and UE)
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Fig.4 IoT CDF (0.5lamda at UE, 4lamda at eNB)













































































