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1 Introduction
In RAN4 #80bis [1], it was agreed that
· For NR, it is agreed to define in-band emission at transmitter side, and in-band selectivity requirements at receiver side for both DL and UL

· For UL
· In-band emission at Tx 

· Use LTE UE in-band emission definition as a starting point, but the requirement limits should be further studied considering the uplink mixed numerologies deployment 

· Develop suitable UE Tx EVM requirements to ensure that good transmitted signal quality is maintained when meeting the new NR in-band emission requirements

· In-band selectivity at Rx

· Use LTE BS in-channel selectivity definition as reference, knowing more work is needed to study the format of both wanted and interference signals in terms of numerology configuration ,RB allocation and power levels

· For DL

· In-band emission at Tx 

· FFS how to specify such requirement, considering the downlink mixed numerologies deployment. The studies could take the following formats: 1) similar in-band emission requirement as defined for UL and/or 2) BS Tx EVM requirements for each numerology involved (with mixed numerology in BS transmission)

· In-band selectivity at Rx

· FFS how to specify such requirement, considering the downlink mixed numerologies deployment. It is desirable to follow the same format as for UL 
In this contribution, we discuss the Tx in-band emission requirement and it is our understanding that the EVM requirements for each numerology can be specified in a similar way as for LTE.
2 Discussion
2.1 Uplink in-band emission 
Although LTE UE in-band emission definition can be used as a starting point, the in-band emission definition in mixed numerology case varies from LTE UE in-band emission. As illustrated in Figure 1, UE in-band emission is defined on one PRB basis within one subband, which is caused by the non-orthogonality between UEs with the same numerology, due to the various RF imperfections in the transmitter and the possible time misalignment perceived at the BS. While the in-band emission in mixed numerology case is defined on a subband basis, which is caused by the non-orthogonality between subbands with different subcarrier spacing.  
It can be observed that the in-band emission definition actually have been covered by UE in-band emission, if the UE transmission bandwidth in LTE UE in-band emission definition equals to subband bandwidth. Therefore, it seems ok to reuse the LTE UE in-band emission requirements in mixed numerology case,  with some modifications on UE transmission bandwidth assumption in the current UE in-band requirements. 
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Figure 1: different in-band emission illustration

Based on the above analysis, we have the following proposal:
Proposal 1: NR UE in-band emission requirements in mixed numerology case can be based on a similar framework for LTE UE uplink in-band emission requirement.
2.2 Downlink in-band emission 

For downlink, currently there are two candidate approaches to define the in-band emission requirements,
1) Similar in-band emission requirement as defined for UL  

2) BS Tx EVM requirements for each numerology involved (with mixed numerology in BS transmission)

In our understanding, approach 2 is not suitable for this case since it measures the average EVM in the subband for each numerology involved. However, the inter-subband interference caused by in-band emission only impacts several subband edge PRB(s) in the target subband, and  the interference level will decay with the offset from the edge of the aggressor subband. Considering the fact that UE is possible to be scheduled at subband edge PRB(s), the in-band emission requirements should be defined as a function of RB offset. With approach 2, the EVM loss of the subband edge PRB(s) will diminish by the average of the other RBs in the subband, which is less interfered by the aggressor subband. 
We evaluated the average EVM of the whole subband and also the EVM of subband edge PRB(s) in downlink mixed numerology case. The detailed simulation parameters are listed in Table 1 and the EVM performance for subband edge 1PRB, 4PRBs and the whole subband are shown in Figure 2 and summarized in Table II.
Table I. Simulation parameters for mixed numerology case
	Parameter
	Value

	Carrier BW
	20MHz

	Subbands
	Subband #1: subcarrier spacing 15KHz and BW = 36PRBs
Subband #2: subcarrier spacing 60KHz and BW = 9PRBs

	Guard tone
	0

	Power offset
	0dB

	PA Model
	Rapp Model as agreed in RAN1

	Waveform
	f-OFDM applied at both Tx and Rx
OFDM applied at both Tx and Rx
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Figure 2: Target bandwidth illustration for EVM evaluation 
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Figure 3: EVM results for both subbands
Table II. EVM results for both subbands

	Target subband

numerology
	Waveform
	EVM

	
	
	1st PRB
	1st 4PRB
	2nd 4PRB
	subband

	15 kHz
	f-OFDM
	6.3%
	3.5%
	1.3%
	1.7%

	
	OFDM
	17.7%
	11.6%
	5.5%
	5.0%

	60kHz
	f-OFDM
	5.5%
	3.3%
	2.0%
	3.0%

	
	OFDM
	11.2%
	6.6%
	2.3%
	4.7%


Based on the evaluation results, it is obvious that subband edge PRBs will be more distorted by the inter-subband OOBE. For the UEs scheduled at subband edge, it has bigger performance loss than other UEs away from subband edges. If only using EVM on a subband basis as the requirements, subband edge UE will be hurt significantly.
The following observations can be made,
Observation 1: Target subband edge PRB(s) has higher performance loss than the whole subband, and the performance loss become less severe with the offset from the aggressor subband.
Observation 2: The average EVM defined in the whole subband cannot be used to reflect the subband edge PRBs performance. And subband edge UE will be hurt significantly if only defining average EVM on a subband basis as the in-band emission requirements.
Based on above analysis and evaluation results, approach 1 seems a more reasonable method to define downlink in-band emission requirement. Similar as 2.1, the parameters and interpretation in each term has to be modified on a downlink subband basis, rather than uplink per UE based. Therefore, we have the following proposal:
Proposal 2: Downlink in-band emission requirements in mixed numerology case can follow the same format as uplink.
3 Conclusions
In this contribution, the Tx band emission requirements to support mixed numerologies are analyzed. Based on the EVM evaluation results, the following observation are made, 
Observation 1: Target subband edge PRB(s) has higher performance loss than the whole subband, and the performance loss become less severe with the offset from the aggressor subband.

Observation 2: The average EVM defined in the whole subband cannot be used to reflect the subband edge PRBs performance. And subband edge UE will be hurt significantly if only defining average EVM on a subband basis as the in-band emission requirements.
Based on the analysis and evaluation results, we have the following proposals,
Proposal 1: NR UE in-band emission requirements in mixed numerology case can be based on a similar framework for LTE UE uplink in-band emission requirement.
Proposal 2: Downlink in-band emission requirements in mixed numerology case can follow the same format as uplink.
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