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1	Introduction
In this contribution we discuss assumptions that needs to be considered in the 5G NR waveform evaluations and comparisons. We especially focus on discussing how to ensure that accurate baseline is used in the NR waveform evaluations. We also initiate discussion on what kind of new requirements could be relevant for NR in order to ensure efficient service multiplexing and different numerologies within one 5G NR carrier bandwidth. 
2	Discussion

2.1	Out of band emission requirements

The RAN4 LTE specifications TS36.101 (UE) and TS36.104 (BS) define requirements for Out Of Band (OOB) emissions as well as the far out spurious emission domain. The existing LTE DL and UL waveforms with suitable filters like channel filters in practical implementations have to meet or exceed the current LTE emission requirements. Therefore, when performing 5G NR waveform evaluations, it is important to use the current LTE assumptions as baseline. For instance, when evaluating CP-OFDM waveform for DL we could directly use the current practical LTE assumptions for fulfilling the LTE masks. In Figure 1 we show an example of DL CP-OFDM spectrum results with and without channel filtering. The Rapp PA model according to the RAN1 agreements [3] is also used in these simulations. From these results we can see that DL CP-OFDM, which corresponds to LTE DL transmission would not fulfil the LTE mask without channel filtering. Thus, it is important for accurate baseline that channel filtering is also used for CP-OFDM when comparing with waveforms like WOLA, f-OFDM and UFMC, which already have additional filtering included. 

[image: cid:image002.png@01D1D918.FEFE5BA0]
[bookmark: _Ref455751067]Figure 1: DL CP-OFDM with Rapp PA model and with and without channel filtering

Proposal 1: Use channel filtering for CP-OFDM waveform to fulling the existing LTE masks and having accurate baseline for NR waveform evaluations 

In the RAN1 discussions it was proposed that additional linearization methods such as DPD (digital predistortion) and CFR (crest factor reduction) would be used in addition to PA model when evaluating different downlink 5G NR waveforms proposals. Such linearization methods can especially be used in practical base station implementations e.g. to balance between PA efficiency, cost, complexity, and out of band performance. However, it is worth noting that such methods are already used e.g. in LTE BS implementation and therefore if used in the waveform performance comparisons, these methods should be used both for the “baseline” CP-OFDM as well as other waveform proposals like WOLA, f-OFDM and UFMC for fair comparisons. As part of the PA model discussions it was agreed in RAN1 that the modified Rapp PA model with suitable parameters would represent the case with these additional linearization methods.

The following Figure 2 shows two LTE DL spectrum plots including practical PA from the measurements with and without linearization methods. The results show that methods like DPD and CFR improve the performance but such performance improvements are equally valid for CP-OFDM and candidate waveforms like WOLA, f-OFDM and UFMC. Therefore, we see that these practical implementation methods and enhancements are not needed for waveform evaluations but could be rather considered when defining RAN4 requirements for NR. Furthermore, we see that these implementation aspects are sufficiently covered from the waveform evaluation perspective by selected initial PA models and if needed additional parameters for the Rapp models could be used in the simulations. If some companies, however, want to perform additional more detailed waveform evaluation simulations including explicit modelling of implementation methods like DPD and CFR, it is important that these linearization schemes are then used for all the compared methods in order to ensure fair comparison. 

Proposal 2:  Waveform evaluations do not include separate modelling for DPD and CFR linearization methods used in practical implementations (especially for DL) but they are covered in the RAN4 requirement work and related performance evaluations. Companies may present additional waveform evaluation results including DPD and CFR but then these schemes should be used for all evaluated waveforms including basic CP-OFDM.
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[bookmark: _Ref455492498]Figure 2  LTE DL spectrum plots including practical PA from the measurements with and without linearization methods like DPD and CFR



2.2	In-band emission requirements
 
TR 38.913 set requirements for support for wide ranges of services in Section 10.2 as follows

Support for wide range of services means the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on a single continuous block of spectrum in an efficient manner.
Furthermore, RAN1#84 made the following agreements for ensuring forward compatibility for future NR evolution, services and features:
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
These 5G NR requirements and RAN1 agreements mean that in addition to the existing Out Of Band (OOB) emissions and spurious emission requirements, also in-band emission requirements are needed for 5G NR in order to efficiently support the multiplexing of different numerologies within one NR carrier. For LTE UL in-band emission requirements have been defined in 36.101. The LTE UL in-band emission requirements are defined as the average across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. Although giving some indicative baseline on the in-band performance, we feel that the current LTE UL in-band emission requirements cannot be directly copied for the purposes of ensuring service multiplexing and different numerologies both within DL and UL channel bandwidths. We see that it is important that RAN4 will develop suitable in-band emission requirements for enabling use of different numerologies. In 5G NR these in-band emission requirements would need to be developed both for DL and UL. Thus, we would like to encourage that RAN4 will start to study how to define DL and UL in-band requirements for enabling both FDM and TDM multiplexing of different numerologies within the same carrier. 

Proposal 3: RAN4 would start to study how to define DL and UL in-band requirements for enabling both FDM and TDM multiplexing of different numerologies within the same carrier 


3	Conclusions
In this contribution we have shown results how LTE DL and thus also, CP-OFDM waveform for NR requires channel filtering for fulfilling the LTE masks. We have also shown results how LTE DL performance can been improved e.g. in terms spectrum emissions by utilizing linearization methods like DPD (digital predistortion) and CFR (crest factor reduction). 

In the document we discuss what kind of requirements would need to be developed in RAN4 in order to ensure good 5G NR out of band and spurious emission performance and multiplexing of different services and numerologies within a same NR carrier bandwidth. Based on the discussions we make the following proposals;

Proposal 1: Use channel filtering for CP-OFDM waveform to fulling the existing LTE masks and having accurate baseline for NR waveform evaluations 

Proposal 2:  Waveform evaluations do not include separate modelling for DPD and CFR linearization methods used in practical implementations (especially for DL) but they are covered in the RAN4 requirement work and related performance evaluations. Companies may present additional waveform evaluation results including DPD and CFR but then these schemes should be used for all evaluated waveforms including basic CP-OFDM.

Proposal 3: RAN4 would start to study how to define DL and UL in-band requirements for enabling both FDM and TDM multiplexing of different numerologies within the same carrier.
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