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Introduction
NR in-band requirements have been discussed for several meetings. 
Text proposal is provided to capture the study outcome into the TR [1].
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<Start of TP>
[bookmark: _Toc468214040]6.1.4 	NR in-band requirements
Based on the discussions and agreed WFs [R4-1610921, R4-1702093], it can be concluded that for NR in-band requirements,
· NR will develop DL and UL in-band emission, and in-band selectivity requirements with different numerologies on the same NR carrier
· In the first phase, two different numerologies within one carrier are assumed to define in-band requirements
· Sub-block 1 with 15kHz subcarrier spacing
· Sub-block 2 with 60kHz subcarrier spacing
· 
· Start evaluations of in-band performance and needed requirements for mixed numerology case by evaluating 20 MHz NR carrier with roughly two 10 MHz sub-blocks with different numerologies (15 kHz and 60 kHz SCS) for <6 GHz frequencies at the first phase
· When RAN4 defines 5G NR requirements, RAN4 should ensure sufficiently good spectral efficiency in both single and mixed numerology cases
· Flexibility in approach to allocating non used PRBs (guard) and filtering/windowing in order to maximize spectral efficiency for each specific link situation and different reference measurement channels e.g. with different MCSs should be enabled
· For NR mixed numerology case RAN4 should specify new type of minimum requirements to define. These might include some of the following
· how close to each other in frequency BS Tx can transmit two sub-blocks with different numerologies while still meeting the other relevant requirements like the EVM
· The possibility of several requirements with different  sub-block spacing, different reference measurement channels (e.g. different MCS) and EVM may need to be considered
· Requirements should consider both the interference arising from the other numerology and impact to EVM due to filtering of a numerology
· how close to each other in frequency two sub-blocks with different numerologies could be while BS Rx and UE Rx still need to meet the relevant receiver requirements like the selectivity
· The possibility of several requirements with different sub-block spacing and selectivity may need to be considered
· It is FFS how many requirements are needed for ensuring flexibility to optimize for different link situations and whether all requirements should be mandatory
· Companies should express analysis & views on which requirements are needed and whether they should be mandatory
· NR UL in-band emission and EVM requirements at UE Tx
· Develop UE Tx in-band emission and EVM requirements for the baseline CP-OFDM baseline waveform
assuming suitable spectral confinement methods 
· Perform link simulations with two numerologies next to each other in frequency domain to study how stringent UL in-band emission requirements would benefit frequency domain multiplexing of different numerologies within the same spectrum block
· If the current LTE based UE Tx in-band emission requirement definition is reused in NR, update the UE Tx in-band emission requirement definition so that both the same and different numerologies are verified as victim and aggressor UEs by checking all the numerologies in the test equipment receiver
· Before agreeing the exact definition of NR UE Tx in-band emission requirement, study if it is feasible to define NR UE Tx in-band emission requirements in a new numerology independent way
· 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
· TRX impairments like Image and carrier leakages and PA ACLR impact must be carefully budgeted when interference between different numerologies are studied
· TRX impairments are to be considered at any UL power levels where ACLR is only to be considered for the upper part of the UE power levels
· Need for Improved TRX impairments compared to LTE and achievable sub6GHz and mmW UE image and carrier leakage values should be further studied

· 
· NR DL selectivity requirements at UE Rx
· 

· 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, 
· Investigate the necessity of guard band for the targeted modulation
· Receiver complexity should be considered when defining the requirements
· NR DL EVM and in-band emission requirements at BS Tx
· 
· 
· EVM is required regardless on single or mixed numerology
· Define two numerology EVM requirements with two sub-blocks with different numerologies 
· Further study on the issue that EVMs are unevenly distributed among the allocated resource blocks
· High order modulation up to 256QAM can be studied in the evaluation
· 
· In the two numerology case, EVM will be measured for both of the sub-blocks using the numerology used in a given sub-block edge PRBs 
· EVM performance of the edge subcarrier shall be covered
· Investigate the necessity of guard band for the two numerology EVM requirements
· Evaluate also the feasibility of zero guard band case
· BS scheduler may decide the used guard band
· FFS if granularity is based on PRB or SCS
· For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs
· For mixed numerology case define both average BS Tx EVM requirements over all the PRBs of a given numerology and over 1 PRB for the edge PRBs
· Consider reducing the number of test cases and testing in first phase NR specification development by defining only EVM based requirements for BS Tx in-band requirements with the mixed numerology case
· Define the receiver assumptions for validating the requirements as Tx EVM measurement depends on the implementation of the receiver used for the measurement
· Tx and Rx complexity should be taken into account 
· NR UL selectivity requirements at BS RX
· 
· The uplink in-band selectivity requirement definition in single and mixed numerology case should target for sub-block edge PRB(s)
· Verify the overall performance in addition 
· Spatial aspects to be considered
· RAN4 will use the following assumptions and priorities for developing UL in-band selectivity requirements at BS Rx:
· First requirements using the baseline CP-OFDM signal both for wanted and inferring signals  
· Requirements both with the same and different numerologies for wanted and interfering signals
· First requirements using time-aligned wanted and interfering signals. Later requirements for asynchronous cases with non-time-aligned signals
· Investigate suitable guard band between the wanted and interfering signals in case of mixed numerologies and/or non-time aligned signals
· Define the minimum requirement for NR BS in-channel selectivity requirements with mixed numerologies as follows:
For NR, the throughput shall be ≥ TBD % of the maximum throughput of the reference measurement channel as specified in Annex TBD with parameters specified in Table TBD for NR TBD type BS.
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	Note*: 	Wanted and interfering signal are placed around Fc with TBD RBs between the signals



Note: One NR channel bandwidth is listed in the table as an example to illustrate the meaning of different columns
Additionally in [R4-1700053] for NR UL in-band emissions and EVM requirements at UE TX, it was agreed that in order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.
With the above agreed methodology and assumptions, the detailed requirements for both DL and UL can be further investigated.
Further in RAN4 NR spectrum utilization study, it was agreed in [R4-168776] that
· RAN 4 should define the Tx unit emission requirements and Rx unit selectivity requirements in the presence of predefined interfering signals.
· RAN 4 should define signal quality performance targets for Tx and Rx unit testing in predefined channels, while noting the possible balancing of EVM between Tx and Rx units.
· Independent Tx and Rx unit requirements and corresponding test setups will be defined in RAN4
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