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1	Introduction
RAN4 ad hoc in January 2017 agreed the following proposal 1 based on the contribution in [8].

Proposal 1: Start developing both 5G NR BS Tx EVM and in-band emission core requirements for the mixed numerology case. 

RAN4#81 meeting agreed a WF on in-band requirements for NR in [2] including e.g. the following high level agreements:
· Develop NR DL and UL in-band emission, EVM and in-band selectivity requirements with different numerologies on the same NR Carrier 
· In first phase define two different numerologies within one NR carrier
· Sub-block 1 with 15kHz SCS
· Sub-block 2 with 60kHz SCS
· Sub-block BWs are FFS and will be investigated in conjunction with other related requirement definitions like EVM and in-band emissions
· Develop the in-band requirements for below 6 GHz for different numerologies
· Develop the in-band requirements for below 40 GHz for different numerologies

Furthermore, RAN4#81 meeting agreed the following for the mixed numerology cases within one NR carrier in [3]:

· The guard band for a carrier in case of mixed numerology may be asymmetric and defined with the assumption that only single numerology is applied, and the assumed numerology refers to the numerology applied at band edge. 
· The need and size of GB between two numerologies is FFS. The granularity of GB, i.e. 1 PRB or fractional PRB, will be further evaluated. 


In this contribution, we continue the discussion 5G NR BS Tx in-band emission and EVM requirements and investigate how the requirement specification work could be accelerated as discussed in RAN#74 and if the number of test cases could be limited without compromising the performance verification. 

2	Discussion
RAN4 ad hoc in January 2017 discussed the importance of spectral efficiency for NR in addition to higher NR spectrum utilization than the one of LTE.  Also TR 38.913 "Study on Scenarios and Requirements for Next Generation Access Technologies" defines number of requirements in terms of spectral efficiency. Thus, it is important that higher NR spectrum utilization is not achieved by negatively impacting spectral efficiency.  
In this contribution we investigate what kind of in-band requirements would be needed for 5G NR to ensure also good spectral efficiency and not only simple spectral utilization, which does not yet tell how much data can be transmitted on a given bandwidth. 

In many of the 5G NR use cases like eMBB, at least initially, the same numerology is used for all PRBs within a given NR carrier. We see that it is important to ensure high spectral efficiency especially in one numerology case to meet the 5G NR targets. To achieve high spectral efficiency for NR high MCS like 256-QAM needs to be possible on all PRBs. This on the other hand means that also EVM needs to be good on all PRBs including the edge PRBs. 

Proposal 1: For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs.

We have studied the DL performance in the mixed numerology by simulations in Case 2 of the RAN1 simulation assumptions in Section A.1.1 of TR 38.802 [5]. In the simulations, we have used the following assumptions
· Two sub-blocks with 10 MHz BW
· One sub-block has 15 kHz subcarrier spacing (52 PRBs) and other one 60 kHz subcarrier spacing (13 PRBs) 
· No guard band between the sub-blocks, 640 kHz guard bands at the outer edge of sub-blocks
· 256-QAM, R=5/6
· Simulated waveforms:
· Basic CP-OFDM waveform with 20 MHz channel filter for meeting OOB emissions requirements (no sub-band windowing or filtering for in-band spectral confinement)
· f-OFDM with TO=0 and TO=4

The simulation case and related power spectral density plot are illustrated in Figure 1.
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[bookmark: _Ref466033304][bookmark: _Ref471138944]Figure 1: PSD for CP-OFDM with 20 MHz channel filter without additional spectral confinement method for in-band emissions between two sub-blocks with different sub-carrier spacings (15 kHz and 60 kHz)

Figure 2 presents BS Tx EVM results for basic CP-OFDM and f-OFDM measured over 4 PRBs for both of the sub-blocks with SCS of 15 kHz and 60 kHz. Figure 3 then presents the corresponding BS Tx EVM results measured for 1 PRB. In both of the figures also the average EVM results measured over all the PRBs of a given sub-block are provided in the legends. Both the 64-QAM and 256-QAM LTE EVM limits are illustrated in the figures. 
The EVM results measured over all the PRBs within a given sub-block for basic CP-OFDM without in-band spectral confinement method (4.7 % for 15 kHz SCS and 4.8% for 60 kHz SCS) indicate that if EVM requirements in the mixed numerology case were only defined up to 64-QAM, no in-band spectral confinement method would be needed even with zero guard band. On the other hand, as we can see from the EVM results measured over 4 PRBs or 1 PRB, 256-QAM cannot be supported on the edge PRBs without sufficient guard band between the sub-blocks with different numerologies. 
These EVM results demonstrate the robustness of NR BS Tx performance even in the mixed numerology case. Furthermore, guard band between sub-blocks with different numerologies provides an easy mean to introduce mixed numerology BS transmission and deployment on one NR carrier and related RAN4 requirements in the second phase without forward compatibility issue. Thus, we see it should be discussed in RAN4 if any specific BS Tx in-band requirements for mixed numerology case need to be developed in the first phase NR specifications or whether these requirements could be left for the second phase. The 5G NR timeline is extremely stringent and RAN#74 has already discussed possibility further accelerate the first phase NR specification development. We also see that these mixed numerology cases within one NR carrier are anyway more for the future NR deployments. Our BS Tx EVM simulation results indicate that it should be possible to introduce more stringent BS Tx in-band requirements in case of mixed numerologies in the second phase without forward compatibility issues When these more stringent BS Tx spectral confinement requirements are to be developed in the next phase of the NR requirements, high MCS requirements should then also be considered to ensure that high spectral efficiency is maintained also in the mixed numerology case.
Observation 1: Basic CP-OFDM transmission without any particular Tx or Rx in-band spectral confinement method provide robust BS Tx EVM performance in case of mixed numerologies on the same cases.  
Observation 2: Even CP-OFDM with spectral confinement methods like f-OFDM require guard band between sub-blocks with different numerologies to support high order modulations on edge PRBs. 
Proposal 2: Considering the robustness of BS TX EVM performance in mixed numerology case even without any in-band spectral confinement method, RAN4 should discuss if any particular mixed numerology in-band requirements should be developed in the first phase 5G NR specification in order to accelerate the development of the 5G NR specifications as discussed e.g. in RAN#74.
As already discussed above, both 4 PRB and 1 PRB EVM averaging results show that neither f-OFDM with TO = 0 or TO =4 or basic CP-OFDM without any in-band spectral confinement method are performing sufficiently good to support 256-QAM at edge PRBs next to the interfering sub-block if no guard band between the sub-blocks is used. 1 PRB EVM averaging also show that 64-QAM support on the edge sub-carriers seems challenging for both f-OFDM and basic CP-OFDM without any in-band spectral confinement method but more detailed 64-QAM evaluations are still needed to conclude that as these initially simulation results are obtained by using 256-QAM modulation for the signal. For the final RAN4 requirements the actual modulation under consideration should be simulated. These initial EVM simulation results, however, already clearly show that 1 PBR EVM averaging provide more accurate information both for requirement scenario development and the actual requirement setting than 4 PRB EVM averaging. Naturally both 1 PRB and 4 PRB EVM averaging provide more accurate information than EVM measured over all the PRBs of a given sub-block. For instance, one PRB EVM averaging provides information if the edge PRBs truly supports high MCS like 256-QAM. Thus, we see that one PRB EVM averaging would be good compliment for the all PRB EVM averaging to distinguish good and bad implementations in the testing. 
Observation 3: Neither f-OFDM (with TO = 0 or TO =4) or basic CP-OFDM without any in-band spectral confinement method provide sufficiently good EVM performance without guard band to support 256-QAM at edge PRBs next to the interfering sub-block. Even 64-QAM support on the edge sub-carriers seems challenging without guard band but more detailed 64-QAM evaluations are still needed to conclude that. 
Proposal 3: Define BS Tx NR EVM requirements both measuring over 1 PRB for edge PRBs and all the PRBs of a given numerology in the mixed numerology case.
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[bookmark: _Ref473646169]Figure 2: EVM measured over 4 PRBs, no guard band between sub-blocks with different numerologies
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[bookmark: _Ref473713390]Figure 3: EVM measured over 1 PRB, no guard band between sub-blocks with different numerologies


The simulations results in this contribution show that if sufficiently narrow EVM measurement (e.g. 1 PRB) is used for developing the minimum BS Tx in-band requirements, the EVM based requirements would seem sufficient for BS Tx in-band requirements. Narrow EVM measurement for edge PRBs distinguishes well between good and bad implementations. Even in mixed numerology case all the PRBs are transmitted from the same BS unlike in case of UL where in-band emission (mask) type of requirements are needed to avoid interference between the UEs. By defining only EVM based BS Tx EVM requirements for ensuring good in-band performance even in case of mixed numerology, we would be able to reduce the number of test cases and also accelerate the first phase NR requirement development. 
Proposal 4: Investigate if the number of test cases and testing time could be reduced and first phase NR specification development accelerated by defining only EVM based requirements for BS Tx in-band requirements with the mixed numerology case.

3	Conclusions
In this contribution, we have presented different EVM simulation results and discussed 5G NR BS Tx in-band emission and EVM requirements further.  Based on the discussion and presented simulation results we make the following proposals and observations:

Proposal 1: For single numerology case define both average BS Tx EVM requirements over all the PRBs and over 1 PRB for the edge PRBs. 

Proposal 2: Considering the robustness of BS TX EVM performance in mixed numerology case even without any in-band spectral confinement method, RAN4 should discuss if any particular mixed numerology in-band requirements should be developed in the first phase 5G NR specification in order to accelerate the development of the 5G NR specifications as discussed e.g. in RAN#74.

Proposal 3: Define BS Tx NR EVM requirements both measuring over 1 PRB for edge PRBs and all the PRBs of a given numerology in the mixed numerology case.

Proposal 4: Investigate if the number of test cases and testing time could be reduced and first phase NR specification development accelerated by defining only EVM based requirements for BS Tx in-band requirements with the mixed numerology case.


[bookmark: _GoBack]Observation 1: Basic CP-OFDM transmission without any particular Tx or Rx in-band spectral confinement method provide robust BS Tx EVM performance in case of mixed numerologies on the same cases.  
Observation 2: Even CP-OFDM with spectral confinement methods like f-OFDM require guard band between sub-blocks with different numerologies to support high order modulations on edge PRBs. 
Observation 3: Neither f-OFDM (with TO = 0 or TO =4) or basic CP-OFDM without any in-band spectral confinement method provide sufficiently good EVM performance without guard band to support 256-QAM at edge PRBs next to the interfering sub-block. Even 64-QAM support on the edge sub-carriers seems challenging without guard band but more detailed 64-QAM evaluations are still needed to conclude that. 
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RappModel,SCS60kHz,PA output power46dBm

EVM requirement for 64-QAM= 8%

EVM requirement for 256-QAM= 3.5%

CP-OFDM: MSE =-26.28 dB, EVM =4.9%

F-OFDM, TO=0: MSE =-25.2 dB, EVM =5.5%

F-OFDM, TO=4: MSE =-26.05 dB, EVM =5%
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RappModel,SCS15kHz,PA output power46dBm

EVM requirement for 64-QAM= 8%

EVM requirement for 256-QAM= 3.5%

CP-OFDM: MSE =-26.47 dB, EVM =4.8%

F-OFDM, TO=0: MSE =-31.45 dB, EVM =2.7%

F-OFDM, TO=4: MSE =-29.23 dB, EVM =3.5%
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RappModel,SCS60kHz,PA output power46dBm

EVM requirement for 64-QAM= 8%

EVM requirement for 256-QAM= 3.5%

CP-OFDM: MSE =-26.28 dB, EVM =4.9%

F-OFDM, TO=0: MSE =-25.2 dB, EVM =5.5%

F-OFDM, TO=4: MSE =-26.11 dB, EVM =5%
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CP-OFDM: MSE =-26.47 dB, EVM =4.8%

F-OFDM, TO=0: MSE =-31.45 dB, EVM =2.7%

F-OFDM, TO=4: MSE =-29.23 dB, EVM =3.5%


