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1	Introduction
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 discuss 5G NR BS Tx in-band emission and EVM requirements following the RAN4 agreements. 

2	Discussion
RAN4 has been discussing for few meetings how to define BS Tx in-band requirements. RAN4#80bis already identified two possible approaches for BS Tx in-band requirements in [4]; similar in-band emission requirement as defined for UL and/or BS Tx EVM requirements for each numerology involved (with mixed numerology in BS transmission). Furthermore, RAN4#81 already agreed in [2] that both for DL and UL in-band emission, EVM and in-band selectivity requirements will be developed for verifying the mixed numerology case. 

Following the latest RAN4 agreements there is no longer a question whether one or another requirement would be developed but instead all of these requirements would be defined. The only reason to avoid one of the requirements would be to minimize the actual testing effort and number of test cases if other requirements already validate the same thing. 

As we have shown in our earlier contributions [6], simple power based in-band emission requirements similar to LTE UL are not sufficient for NR mixed numerology case. Instead EVM requirements are also needed. In [7] we have also discussed and proposed that both average EVM over the whole sub-block and additional narrower bandwidth EVM measurements are needed in order to ensure both good overall EVM performance and also sufficiently good EVM performance on the edge subcarriers. If RAN4 would like to minimize the number of test cases and NR testing time, it could be further investigated whether the LTE UL type of power based in-band emissions are needed for BS Tx in addition to EVM requirements. In DL the transmission for different UEs is coming from the same base station even if additional sub-band filtering or windowing is used, therefore EVM based requirements could be sufficient for BS Tx. However, for UL and UE Tx both power and EVM based requirements are likely to be needed. While doing these further investigations to reduce test cases and testing time, RAN4 should assume that both requirements will be defined and they should be met simultaneously in a given scenario. 

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

Proposal 2: Investigate whether the number of test cases and testing time could be reduced by utilizing only EVM requirements for BS Tx in-band requirements in the mixed numerology case.


We have studied the DL performance in the mixed numerology using link 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 simulation assumptions from RAN1 but which would need to be updated to consider the latest RAN4 assumptions. 

· 720 kHz allocation for desired and interfering signal, which are time and frequency synchronized and transmitted with the same power
· Numerology 1: 15 kHz sub-carrier spacing with 4 PRB allocation – desired measured signal
· Numerology 2: 30 kHz sub-carrier spacing with 2 PRB allocation – interfering signal
· 1x1 SISO, rank1, TDL-C 300ns channel
· Modulation: 256-QAM, R=3/4
· Ideal channel estimation
· No Phase Noise modeled 
· UE mobility 3 km/h
· Guard bands: 0, 90 and 180 kHz


	256-QAM, R=3/4, GB= 0 kHz
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	256-QAM, R=3/4, GB= 90 kHz
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[bookmark: _Ref466033304]256-QAM, R=3/4, GB= 180 kHz
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[bookmark: _Ref471138944]Figure 1: DL 256-QAM, R =3/4 link simulation performance in Case 2 with different sub-band filtering and windowing schemes and different guard bands between sub-blocks
The results in Figure 1 show clearly that the BLER performance of DL 256 QAM with R= ¾ is not sufficiently good if no guard band is used between sub-blocks with different numerologies. To ensure that NR will be forward compatible for various services in the future, even if mixed numerologies are used within one NR carrier, suitable guard band should be used when developing the RAN4 requirements.

Proposal 3: In order to ensure acceptable DL 256 QAM performance, the guard band between sub-blocks is needed in the RAN4 requirements.

To identify exact width of the needed guard band between sub-blocks RAN4 should agree the common simulation assumptions and scenarios for the further simulations and evaluations. 

Proposal 4: Agree common RAN4 simulation assumptions and scenario to identify a suitable guard band for in-band requirements with mixed numerology.

3	Conclusions
In this contribution, we have 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:

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

Proposal 2: Investigate whether the number of test cases and testing time could be reduced by utilizing only EVM requirements for BS Tx in-band requirements in the mixed numerology case.

Proposal 3: In order to ensure acceptable DL 256 QAM performance, the guard band between sub-blocks is needed in the RAN4 requirements.

Proposal 4: Agree common RAN4 simulation assumptions and scenario to identify a suitable guard band for in-band requirements with mixed numerology.
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