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1 Introduction
At RAN1 #58 meeting, UL 4TX MIMO RANK3 had been widely discussed. The balance between CM and performance is the main issue. CMP codebook keeps low CM value. But layer power imbalance degrades system performance. CMF keeps layer and antenna power balance and achieves some gain. However, it has relative high CM value. So RAN1 asks RAN4 to evaluate the different CM value influence on PA efficiency and system performance.
This contribution analyses PA efficiency difference when UE transmit different CM value signal, and then gives performance comparison under same power consumption. At the same time, we also give additional consideration about UL design to RAN1.
2 CM influence on PA efficiency 
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 ,that is actually allowed maximum transmitted power for UE, is equal to  ,that is allowed maximum output power,minus MPR as shown in Figure 1. There is a monotone increasing relation between MPR and CM. When 
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 for PA is constant,  
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 is determined by CM. When CM value is high,  
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 is low, whereas,
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 is high. In order to get good performance, LTE-A UL signal may be keep relative high CM value [3], then compared to 
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has large reduction.
When a UE doesn’t operate in power-limited case as shown in Figure 2 point P, there is nearly a linear relation between PA efficiency and transmitted power for UE [5]. So the signal with high CM value hardly consumes more power than that of low CM. When a UE doesn’t operate in power-limited case as shown in Figure 2 point
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, the curve bends downward. The high power value is not proportional to PA efficiency, so high CM signal have low PA efficiency. Considering high MPR value, PA efficiency for high CM is little larger than that of low CM.
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Figure 1：
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Figure 2：CM and PA efficiency
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Figure 3：EVM and MPR
3 CM influence on EVM
EVM value expresses the constellations distortion extent when RF signal passes through the RF device, then it influences the link performance. Many complexity factors have impact on the EVM value, such as TRX, PA. Because TRX always work in linear area, all kind of signals may get same additional EVM. So PA is key factor to EVM.
When a UE doesn’t operate in power-limited case as shown in Figure 3 point P, EVM keeps constant with the increasing of transmitted power regardless of CM value. When a UE operates at right side of 
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 point as shown in Figure 3, the signal with high peak value was deteriorated sharply. If UE operates between 
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, the EVM increases gently. So when a UE operates in power-limited case, the signal with high CM value has high EVM value. Advance RF front end technology such as DPD is widely used in LTE-A system. So we needn’t to put forward strict demand on the CM in high rank design.
4 Performance analysis
Base on analysis above, transmitted power of the UE has impact on performance. Transmitted power of rank 3 from a system level simulation is presented in Figure 4 based on the simulation assumption in [3]. We find that for 95% of the time in rank 3 transmission, transmitted power for both CMP (QPSK w/ balance) and CMF w/o balance is less than15dBm, which is much less than the maximum transmitted power of UE (
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CM difference leads to PA efficiency and EVM difference and then affects performance.  In order to fairly evaluate CM influence, we evaluate the throughput of UE under same power consumption.

In order to meet the BLER for high order modulation requirement, signal transmitted by UE is restricted by the maximum allowable EVM according to its modulation. Performance of two different UL codebook fixed rank 3 is shown in Figure 5.
When a UE doesn’t operate in power-limited case, signal with different CM value can almost transmit same power under same power consumption because of the linear relation between CM and PA efficiency. At the same time, signal with different CM gets nearly same EVM according to analysis above. We consider that CMF outperforms CMP according to the Figure 5-a. The simulation assumptions are shown in the appendix.
When a UE operates in power-limited case, same PA with different CM may transmit different maximum power. It is unfair for the high CM signal. So in this contribution, we evaluate the system throughput when a UE consumes same total power. Signal with high CM value has low PA efficiency, but how to quantitatively define the loss extent of PA efficiency need more study. In this contribution we consider that 0.2dB translation for CMF point is enough based on the article [5], 
Blue area between EVM 0 and maximum allowed EVM value (see in 6.1.5.2 [4]) represents the CMF w/o balance performance as shown Figure 5-b. Red area between EVM equal 0 and maximum allowed EVM value represents the CMP (QPSK w/o balance) performance. When UE operate in low SNR point, EVM value has little impact on the link performance and CMF achieves 20% gain than that of CMP. It is found that there is monotone decrease relation between performance and EVM value, and the performance degrades in high SNR. However, CMF always outperforms CMP. 
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Figure 4：UE power distribution
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    Figure 5-a：Non limited power



Figure 5-b：Limited power
5 Conclusions
Based on analysis above, this contribution proposes that
· When UE doesn’t work in power-limited case, signal with different CM value almost transmit same power under same power consumption. 
· When UE works in power-limited case, PA efficiency changes with the increasing of CM value. Considering the large MPR and real UE transmitted power, the difference between two different CM signal is small. 
· The performance of CMF outperforms that of CMP under same power consumption.
We recommend that RAN1 take suggestions below into consideration：
· CM is feasible criteria for selecting the UL codebook. However, high rank may generate high CM value. so we may need to comprehensively consider the balance between CM and UL codebook performance.
· Due to using UL multi-antennas in LTE-A, optimized UL power control method may need to be studied.
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Annex
Table 1: Link simulation parameters

	Parameter
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5MHz

	Data transmission BW
	4 RBs (48 subcarriers)

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	SCM (0.5lamda at UE and 4lamda  eNB)

	Fading speed
	3km/h

	Antenna configuration
	4x4

	Channel coding
	Turbo code

	Modulation
	QPSK, 16QAM, 64QAM

	Receiver
	Linear MMSE

	Channel estimation
	Ideal

	BLER target
	10% at 1st subpacket

	CQI feedback delay
	4ms

	Precoding codebook
	CMP; CMF

	Layer blanking during re-transmission
	No

	Rank
	3
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