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1
 Introduction

In RAN Plenary Meeting #55, it is approved that the Open Loop ULTD (OLTD) is limited to Beam-forming configuration [1]. Most of OLTD core-requirements have been agreed after RAN4 Meeting #61 [2, 3]. The Error Vector Magnitude (EVM) requirement was not addressed yet for the introduction of the OLTD [2].  

In this document, we analyze the EVM of a beam-forming combined signal and propose to apply the legacy EVM requirement and test to each antenna of the UE capable of OLTD. 
2 Error Vector Magnitude (EVM)
EVM defines the modulation (amplitude and phase) errors relative to the intended modulation signal. We can define the modulation signal vectors for each transmit path of a beam-forming signal.

P1 = P + R1  




























(1)
P2 = kP + R2




























(2)
and

Pc = (1 + k) P + R1+ R2

























(3)
where Pi (i = 1, 2) is the modulated signal, k is between 0 to 1 and represents the power ratio between the two Tx paths, P and kP are the “intended” modulated signals, Ri are the modulation error vector, and Pc is the modulated signal for the combined beam. When the two Tx paths have the equal power, k is equal to 1. The followings then show the EVM for each Tx path and the combined beam signals.
EVM1 = r1/p




























(4)

EVM2 = r2/(kp)




























(5)

EVMc = SQRT(|R1 + R2|2)/[(1 + k)p]





















(6)
Where ri and p are the absolute values of Ri and P.

It can be easily seen that 
EVMc ≤ SQRT((r1 + r2) 2)/[(1 + k)p] = (r1 + r2)/[(1 + k)p] = (EVM1+ k EVM2)/(1 + k)






(7)
If both EVM1 and EVM2 of the two path signal signals are equal to or smaller than the allowed EVMmax value (x%), the EVMc for the combined beam signal will then be equal to or smaller than EVMmax (x%).

EVMc ≤ (EVM1+ k EVM2)/ (1 + k) ≤ (EVMmax+ k EVMmax)/ (1 + k) = (1 + k) EVMmax /(1 + k) = EVMmax 

(8)                 
Hence, we have the following proposal for the EVM requirement for OLTD,

Proposal 1: Apply the same EVM test currently defined for a legacy UE on each antenna port of the UE capable of OLTD. 
Proposal 2: Apply the legacy requirement (in Reference [4]) to the EVM test at each antenna port (per antenna basis). 
3 Conclusions
For the UE capable of OLTD, we look for agreement on the following proposals on EVM requirements: 

Proposal 1: Apply the same EVM test currently defined for a legacy UE on each antenna port of the UE capable of OLTD.
Proposal 2: Apply the legacy requirement (in Reference [4]) to the EVM test at each antenna port (per antenna basis).
The legacy requirement is shown in Appendix A.
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Appendix A


Requirement of Error Vector Magnitude

When 16QAM modulation is not used on any of the uplink code channels, the Error Vector Magnitude shall not exceed 17.5 % for the parameters specified in Table 6.15. 

When 16QAM modulation is used on any of the uplink code channels, the modulation accuracy requirement shall meet one or both of the following requirements:

1.
The Error Vector Magnitude does not exceed 14 % for the parameters specified in Table 6.15. 

2.
The Relative Code Domain Error requirements specified in 6.8.3a are met. 

The requirements are applicable for all values of βc, βd, βhs, βec and βed as specified in [3GPP TS25.214].
Table 6.15: Parameters for Error Vector Magnitude/Peak Code Domain Error

	Parameter
	Unit
	Level

	UE Output Power, no 16QAM
	dBm
	( -20

	UE Output Power, 16QAM
	dBm
	( -30

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	1

	Measurement period
(Note 1)
	PRACH
	Chips
	3904

	
	Any DPCH
	
	From 1280 to 2560
(Note 2)

	Note 1:
Less any 25μs transient periods

Note 2:
The longest period over which the nominal power remains constant
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