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1 Introduction
Work plan for NR UE and BS RF was agreed in last RAN4 meeting [1], in which the band agnostic RF requirements shall be finished by June RAN4 AH meeting. This contribution provides the proposed UE in-band requirements for both DL and UL. 
2 Discussion

2.1 UL in-band requirement
According to the way forward in [2] [3], the following aspects should be considered in defining the UL in-band requirement.
·  Develop UE Tx in-band emission and EVM requirements for the baseline CP-OFDM baseline waveform assuming suitable spectral confinement methods
·  Define both average UE Tx EVM requirements measured over all the allocated PRBs and a few edge PRBs

· Study further to decide if 1 PRB EVM measurement could be assumed as narrow bandwidth UE Tx EVM measurement
Based on the WF, two kinds of in-band requirements should be defined, i.e. in band emissions and EVM.
2.1.1 In band emissions
It was agreed in RAN4 that Tx in-band emission shall be defined. 
As illustrated in Figure 1, LTE uplink in-band emission is defined on PRB basis within one sub-block, which is caused by the non-orthogonality between UEs with the same numerology, due to the various RF imperfections at the UE transmitter and the possible time misalignment perceived at the BS receiver. While the in-band emission in mixed numerology is defined on a sub-block basis, which is caused by the non-orthogonality between sub-blocks with different subcarrier spacing. 

It can be observed that the in-band emission impact by mixed numerology actually has been captured by UE in-band emission, if the UE transmission bandwidth equals to sub-block bandwidth. Therefore, it is feasible to adopt a unified in-band emission requirements framework for both existing LTE UE in-band emission and NR UL in-band emission for mixed numerologies. 


Figure 1: UE in-band emissions for mixed numerologies
The general in-band emission for E-UTRA is defined as below:
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The first parameter of -25dBc is derived by system simulation. Based on evaluation in [5], we see that 25 dB out-of-band emission ratio will cause less than 10% system performance loss for both cell average and cell edge. This result is well aligned with that in LTE uplink in-band emission requirements. Thus we can still use -25dBc as a starting point to define the NRUL in-band requirement. The formula also reflects the fact that the larger frequency offset from the allocated RBs, the lower of the in-band emissions. This rule is also valid for NR with mixed numerologies. The last parameter of the formula is an absolute value with in-band noise floor of -57dBm/180kHz, which means the UL in-band requirement is limited to the noise floor. As it depends on the hardware implementation capability, when the similar RF components are used for NR, we don’t expect the capability for NR can be improved dramatically.
It is noted that all RB related parameters in the formula above are based on 15 kHz SCS. For below 6GHz, the supported SCS for NR include 15 kHz, 30 kHz and 60 kHz. The latter ones are multiple of 15 kHz. To simplify the requirement for NR, we can still assume the requirement is based on per RB basis. Specifically, the parameters in the formula (e.g. NRB, LCRB, PRB, etc.) represent different numerology. The noise floor -57dBm in E-UTRA formula is per 180 kHz, for 30 kHz and 60 kHz numerology, the value should be revised accordingly to different RB size. 

2.1.2 EVM
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM. The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. 

The specific physical layer channels are still under discussion in RAN1. Thus the EVM measure interval in the time domain for corresponding PHY channels will be decided later once RAN1 finishes the channel design. 

Regarding the EVM requirement, it is to specify the specific levels for each supported modulation scheme. For below 6GHz, the levels are supposed to be the same as those for E-UTRA. Now we put the values in brackets, once the values for are determined, the core requirement for EVM was settled down. 
Table 1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	[17.5]
	[17.5]

	16 QAM 
	%
	[12.5]
	[12.5]

	64 QAM 
	%
	[8]
	[8]

	256 QAM
	%
	[3.5]
	[3.5]


In the measurement, it is proposed to equally split the channel BW and fully allocate RBs in two numerology sub-blocks. For all bandwidths, the EVM measurement shall be performed for two sub-blocks of each carrier over all allocated resource blocks in the sub-block for mixed numerologies. And for mixed numerologies, the EVM measurement shall also be performed for the RB around the boundary between the two numerologies.
As discussed in [4], in the measurement we need to consider the test configurations to take into account all possible aspects which may affect the measurement and also need to consider simplifying the test complexity. Though the EVM test is for the Tx side, as discussed before, the impact from both Tx and Rx sides should be considered. Therefore, for a specific test, the guard band may need to be considered in the test configuration, which is evaluated in [4], the evaluation is the valid for both UL and DL EVM measurement. 
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Figure 2: EVM Test configuration for sub-block and edge PRB
1) When test is for the average EVM for each sub-block, all RBs are allocated for the same modulation scheme. The guard band depends on the sub-block bandwidth and modulation order.

2) When test is for the sub-block edge PRB with 0dB power offset case

· For 15 kHz numerology, the second PRB counted from the boundary between numerologies can be measured for QPSK, the third PRB can be tested for 16QAM/64QAM and the fifth PRB can be tested for 256QAM. 

· For 60 kHz numerology, the second PRB counted from the boundary between numerologies can be measured for QPSK, 16QAM, 64QAM and 256QAM. 

2.2 DL in-band requirement
According to the way forward in [2], the following aspects should be considered in defining the DL in-band requirement.
·  Define DL in-band selectivity requirements at UE Rx with different numerologies in adjacent wanted and interfering sub-blocks

·  Definition in mixed numerology case should follow the same format as uplink, taking the possible power imbalance level between numerologies into consideration

·  Investigate the necessity of guard band for the targeted modulation
How to define NR BS ICS is discussed in [4]. For UE side, as it was agreed to use the same format as uplink to define the UE ICS, the following table can still be used.
	NR

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of wanted signal
	Type of interfering signal

	TBD
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	[10]
	TBD
	TBD
	TBD
	[10 MHz] NR CP-OFDMA signal,  TBD RBs*
	[10 MHz] NR CP-OFDMA signal,  TBD RBs*

	
	
	
	
	
	

	
	
	
	
	
	

	Note*: 
Wanted and interfering signal are placed around Fc with TBD RBs between the signals


The wanted signal level can be determined by the formula as below.


[image: image3.wmf]wanted10

17410log3

PNFSINRIMBW

=-+++++


It is noted that the NF, SINR and IM in the formula are UE related parameters. For below 6GHz, the NF should be the same as that for E-UTRA, i.e. 9dB for BS. IM is 2.5 dB adopted for E-UTRA. SINR should be simulated based on NR waveform. Different from BS, UE does not need to decode two different numerologies, and the interfering signal comes from the same BS, therefore, IoT should not be considered for Pintf. A fixed power offset (e.g. 3dB) can be considered for the interfering signal. 
3 Conclusion

How to specify UE in-band requirements is discussed in this contribution. 
For UL in-band requirement, both in-band emissions and EVM requirement shall be defined. E-UTRA similar methodology of defining IBE requirement can be adopted for NR mixed numerology. The EVM values for NR could reuse those of E-UTRA for different modulation schemes. How to test the EVM requirement rely on the specific test configuration for each CBW. Some RBs can be considered as guard band in the test configuration for the mixed numerology test cases. It is proposed to agree on the evaluation methodology firstly for SIR distribution on per PRB basis for mixed numerologies. 

For DL in-band requirement, ICS requirement for mixed numerology shall be defined. Different from the UL ICS, IoT does not need to be considered for the interfering signal. It is proposed to consider a fixed power offset between the wanted signal and interfering signal.
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