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1 Introduction

FDMed multiple numerologies coexistence within one carrier is one of the main features in NR. The in-band requirements between different numerologies will be studied and defined for both BS and UE in RAN4.   In the previous RAN4 meeting, the general principle and methodology for in-band requirements has been agreed in [1]. 

· At BS

· EVM requirements will be measured for Tx in-band requirement

· Both average EVM over all the PRBs of a given numerology and per PRB for the edge PRBs will be defined

· Throughput for the sub-block edge PRBs will be measured for Rx selectivity requirement

· At UE

· Both in-band emission and EVM will be measured for Tx in-band requirement

· Both average EVM over all the PRBs of a given numerology and per PRB for the edge PRBs will be defined

· Rx selectivity requirement  follows the same format as BS 
· Investigate the necessity of guard band for these requirements
The in-band requirements comprise of two aspects: 1) the EVM/in-band emission requirement at Tx and the Rx selectivity requirement, 2) the guard band requirement to achieve the Tx and Rx requirements.

In this contribution, we present our views on how to determine these two aspects for the in-band requirements.

2 Discussion

2.1 General consideration for in-band requirements

Considering the RAN4 agreement on re-use of existing specification as much as possible for below 6GHz, it is preferable to target a uniform requirement definition for mixed numerology scenario as the existing E-UTRA requirements in order to speed up the NR standardization progress.  To be specific,

· For the Tx EVM requirements, it is preferable to reuse existing requirements, i.e., 3.5% for 256QAM, 8% for 64QAM, 12.5% for 16QAM and 17.5% for QPSK. It should be noted that these EVM requirements are contributed by both Tx RF imperfection and the inter-numerology interference.

· For the UE Tx in-band emission for mixed numerology, it seems ok to reuse the existing UE Tx in-band emission requirements for single numerology.

· For the Rx selectivity, the similar requirements as E-UTRA can also be reused except that target bandwidth should consider subband edge PRBs. 

Based on the given Tx EVM/in-band emission requirements and Rx selectivity requirements, the guard band requirements can be determined with some link level evaluation.

2.2 Application scenario consideration 
Before discussing the guard band requirements, it is important to study the application scenarios of mixed numerology.

As discussed in previous RAN4 meeting, both EVM at Tx and throughput performance at Rx depend on the power imbalance between numerologies, the guard band and also the working SNR (i.e., MCS) of the victim numerology. 
In real system, the power imbalance is mainly caused by the beamforming based spatial discrimination, as illustrated in Figure 1. If two sub-blocks with different numerologies are located in different beams (i.e. beam1 and beam2), the mutual interference between numerologies is significantly suppressed by spatial separation, so that both EVM performance at transmitter and throughput performance at receiver for any working SNR range are less impacted even with zero guard band as if there is no inter-numerology interference. Otherwise if two sub-blocks are scheduled within the same beam, a big guard band may be required especially for high SNR working range. In addition, for UEs, different power control target for each numerology also causes potential power imbalance between numerologies at BS receiver.  

Obviously, for a given EVM and throughput requirements at Tx or Rx, the guard band requirement varies significantly with the practical application scenarios. 
However, defining multiple sets of guard band requirements considering various practical application scenarios imposes huge workload on RAN4 and potentially slows down the NR standardization progress. 
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Figure 1: The impact of spatial discrimination

2.3 Consideration on the in-band requirements definition
As discussed in 2.2, it may be difficult to define a single guard band for all cases with mixed numerologies. In addition, the requirements for guard band may be too optimistic if taking spatial separation into account. In order to simplify specification definition, it would be better not to define explicit guard band between two numerologies for the in-band requirements. However, the guard band can be considered in test configurations for the given transmitter EVM or receiver selectivity requirement. 
For downlink, two numerologies can be assumed with the same PSD, while some power imbalance should be considered for uplink considering potentially different power control target for each numerology. Based on the power imbalance configuration, the guard band can be determined with link level simulation to fulfill the EVM requirements at Tx and throughput requirements at Rx respectively for the target modulation.

Without considering spatial discrimination between numerologies, the required guard band tends to be large, especially for high modulation. It should be noted that the purpose of this guard band is only used in test configurations for in-band requirement, which does not mean a fixed large guard band are reserved in the specification. As discussed in previous RAN4 meeting, in practical system, BS can choose a smaller and even zero guard band if spatial separation between numerologies exists or low SNR UEs are scheduled at the PRBs on each sub-block edge.
Based on the above analysis, we have the following proposals,

Proposal 1: Single set of guard band are considered in test configurations in RAN4 specification, for which a large guard is preferable to be considered to fulfill the EVM/in-band emission requirements at transmitter and selectivity requirements at receiver, with reasonable power imbalance configuration between numerologies.

Proposal 2:  The guard band is only used to test in-band requirements in the test specification. In practical system, the guard band is an implementation issue. BS can choose any PRB granularity based guard band size for mixed numerologies according to practical application scenarios.  
3 Conclusions
In this contribution, we present our views on the in-band requirement definition for mixed numerology. 
The following proposals are made,
Proposal 1: Single set of guard band are considered in test configurations in RAN4 specification, for which a large guard is preferable to be considered to fulfill the EVM/in-band emission requirements at transmitter and selectivity requirements at receiver, with reasonable power imbalance configuration between numerologies.

Proposal 2:  The guard band is only used to test in-band requirements in the test specification. In practical system, the guard band is an implementation issue. BS can choose any PRB granularity based guard band size for mixed numerologies according to practical application scenarios.
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