Page 1



3GPP TSG-RAN WG4 Meeting NR AH#3
R4-1709419
Nagoya, Japan, 18th – 21th Sep. 2017
Title: 
Further discussion on UE minimum transmit power for range 2
Source: 
CATT
Agenda item:
3.3.3.6.1
Document for:
Approval
1. Introduction
The minimum output power requirement for range 2 NR UE has been discussed for several meetings [1-3]. In the last RAN4 meeting a way forward on UE Minimum output power and transmit OFF power was approved [4], where RAN4 got following agreement and way forward:

Agreement
· The minimum output power should be defined as EIRP at maximum beam peak direction.

----------------------------------------------


Note: The EVM at beam peak direction is thought to be the worst case as conductive power is the minimum to meet the same EIRP requirement than other direction. 
WF for next RAN4 meeting
· Companies are encouraged to provide inputs to further study the minimum transmit power and transmit OFF power requirement.

· Test equipment vendors are invited to provide input on testability aspects. E.g.

· Minimum measureable EIRP and the corresponding measurement error from test equipment vendor.

· 
Test method to improve testability.

In this document we will further discuss the minimum output power requirement and provide our initial evaluation results.
2. Discussion
In our previous submission [1], we have analysis of NR UE minimum output power based on link budget calculation. The analysis is focus on QPSK, and other assumptions are listed in the following table: 
	Parameters
	[1]

	Frequency
	30 GHz

	BS noise figure
	10 dB

	Signal BW
	50 MHz

	Target SNR
	0 dB

	Element Gain
	8 dB

	Number of Antenna Elements
	128

	Total Antenna Gain in BS side
	29.0 dB

	min UE-BS distance
	35 m

	Antenna element gain
	5 dB

	Total Antenna Gain in UE side
	11.0 dB


Based on the calculation, -22dBm EIRP minimum output power was proposed for 50MHz channel bandwidth. While for larger bandwidth it’s reasonable to relax the above value accordingly, which is also aligned with the agreement for sub-6 NR UE minimum output power requirement [5]. The corresponding minimum output power for different channel bandwidths is shown in the table below with both EIRP and conductive: 

	Channel bandwidth
	Minimum output power in an e.i.r.p sense
	Minimum output power  in a conductive sense

	50 MHz
	-22 dBm
	-33 dBm

	100 MHz
	-19 dBm
	-30 dBm

	200 MHz
	-16 dBm
	-27 dBm

	300 MHz
	-14.2 dBm
	-25.2 dBm

	400 MHz
	-13 dBm
	-24 dBm


In order to investigate the potential influence on implementing higher minimum output power requirements, system level simulations have been performed for all the three scenarios (UMa, UMi, InH) based on the same assumptions used in the calculation. The detailed simulation results are attached in the Annex of this paper. It can be found that the difference of throughput loss caused by different minimum output power (-20dBm and -40dBm in conductive sense) is little and could be ignored.  
Observation 1: In system level simulations, the difference of throughput loss caused by different minimum output power is little and could be ignored.
Hence, considering the potential test challenges in mmW, it’s also reasonable to define only one minimum output power requirements based on 400MHz channel bandwidth, i.e. the most relaxed one.

In addition, it was proposed to implement more relaxed minimum output power for higher modulation scheme (64QAM for example) where larger target SNR is needed [3] [4]. It’s also noticed that in the agreement of sub-6 requirement the minimum output power has been relaxed for 10dB for UL 256QAM as shown in following table [5]:

	Table 2: Parameters for Error Vector Magnitude
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From our point of view, it’s also acceptable to follow the same method for frequency range 2 to relax the requirement for higher order modulation scheme for EVM measurement. 

Observation 2: The requirement of frequency range 2 NR UE minimum output power shall be relaxed for higher order UL modulation scheme for EVM measurement. 

Considering the above analysis and observations, we having following proposal:
Proposal: The requirement for NR single carrier minimum output power for UE in frequency range 2 for different channel bandwidth is proposed as Table 1, the parameters for EVM is proposed as Table 2.

Table 1: NR minimum output power in frequency range 2
	
	Channel bandwidth / Minimum output power / Measurement bandwidth (MHz)

	
	50
	100
	200
	300
	400

	Minimum output power (dBm e.i.r.p)
	[-22]
	[-19]
	[-16]
	[-14.2]
	[-13]

	Measurement bandwidth
	That is decided by the agreement of spectrum utilization


Table 2: Parameters for Error Vector Magnitude for frequency range 2
	Parameters
	Channel bandwidth / Minimum output power / Measurement bandwidth (MHz)

	
	50
	100
	200
	300
	400

	UE output power (dBm e.i.r.p)
	( [-22]
	( [-19]
	( [-16]
	( [-14.2]
	( [-13]

	UE output power for UL [64QAM] (dBm e.i.r.p)
	( [FFS]
	( [FFS]
	( FFS]
	( [FFS]
	( [FFS]


Note：If it’s confirmed by test equipment vendors that the test challenges in mmW are difficult to overcome, it’s also acceptable to define only one minimum output power requirement for range 2 NR UE based on 400MHz channel bandwidth.    
3. Summary
In this contribution we further discussed the NR UE minimum transmit power requirement in frequency range 2 , and have following observations and proposal.
Observation 1: In system level simulations, the difference of throughput loss caused by different minimum output power is little and could be ignored.

Observation 2: The requirement of frequency range 2 NR UE minimum output power shall be relaxed for higher order UL modulation scheme for EVM measurement. 

Proposal: The requirement for NR single carrier minimum output power for UE in frequency range 2 is proposed as Table 1, the parameters for EVM is proposed as Table 2.

Table 1: NR minimum output power in frequency range 2
	
	Channel bandwidth / Minimum output power / Measurement bandwidth (MHz)

	
	50
	100
	200
	300
	400

	Minimum output power (dBm e.i.r.p)
	[-22]
	[-19]
	[-16]
	[-14.2]
	[-13]

	Measurement bandwidth
	That is decided by the agreement of spectrum utilization


Table 2: Parameters for Error Vector Magnitude for frequency range 2
	Parameters
	Channel bandwidth / Minimum output power / Measurement bandwidth (MHz)

	
	50
	100
	200
	300
	400

	UE output power (dBm e.i.r.p)
	( [-22]
	( [-19]
	( [-16]
	( [-14.2]
	( [-13]

	UE output power for UL [64]QAM (dBm e.i.r.p)
	( [FFS]
	( [FFS]
	( [FFS]
	( [FFS]
	( [FFS]


Note：If it’s confirmed by test equipment vendors that the test challenges in mmW are difficult to overcome, it’s also acceptable to define only one minimum output power requirement for range 2 NR UE based on 400MHz channel bandwidth.    
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5. Annex

1. 30GHz InH, 50MHz
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2. 30GHz UMa, 50MHz
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3. 30GHz UMi, 50MHz
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