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1. Introduction
NR design will introduce different numerologies (subcarrier spacing options) that might even co-exist within the same channel. In previous meetings the guard band that is needed between different numerologies was discussed. In this paper we present some further analysis on this issue and also how this relates to transmitter and receiver EVM requirements.
2. Discussion
NR design will allow the use of different numerologies (SCS) in the same channel. This will lead to a loss in orthogonality that results in some ISI/ICI. The impact on performance, whether a guard-band between the allocations with different numerologies is needed and how to define Tx/Rx requirements is currently under discussion. A WF was presented in the last meeting but not agreed because companies could not reach consensus on whether Tx EVM definition has any impact on the Rx assumptions [1].
So far, for this mixed numerology case, it has been proposed to define a Tx EVM requirement that would implicitly limit the amount of emissions between the different numerologies. Depending on the Tx filter used, the Tx EVM would of course be different because the emissions in different numerologies can be suppressed. Conceptually, this is shown in Figures 1 and 2 where different Tx filters are used. The Tx EVM in figure 1 is expected to be better than the Tx EVM in Figure 2 because the amount of emissions between the numerologies is suppressed. 

However, it was pointed out that the EVM measurement also depends on the receiver to be used. In order to better illustrate this point we assume the transmitter and receiver block diagram shown in Figure. 3. 𝛥f1 and 𝛥f2 denote the RBs with different numerologies. Tx EVM can only be measured at the output of the FFT. Consequently, the characteristics of the Rx filters (Rx FIR 1,2 and Rx WOLA) will influence the Tx EVM measurement and the performance. If a Tx EVM requirement is defined in RAN4, there will be a need to also standardize the reference receiver used for the measurement.

Observation 1. Tx EVM measurement depends on the implementation of the receiver used for the measurement. 

Similarly to the transmitter side, on the receiver side, a sharper filter will show a better EVM performance compared a more relaxed filter at the expense of extra complexity. Intuitively this is shown in Figure 4 and Figure 5. The assumptions used for the Rx filter in the Tx EVM measurements will implicitly set a requirement on the UE to match the performance. Even if in a UE performance test the Tx EVM can be very low (TEs can use very complex Tx filters) and allow UEs to use a relaxed filter to meet the requirements, the field performance expectation will imply the UE matches the performance in the Tx EVM test.
Observation 2. The receiver used to measure Tx EVM will imply that UEs have to match the same performance.

Below we present some numerical analysis to support the arguments above. For the Tx and Rx filters (denote FIR in the figures) 2 different filters were used. The frequency response of the filters is shown in Figure  
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Figure 1. Sharp filter (high complexity) used at Tx 
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Figure 2. Not so sharp filter (lower complexity) used at Tx
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Figure 3. Block diagram of transmitter and receiver processing. 


[image: image4.emf]
Figure 4. Sharp filter used at Rx.

[image: image5.emf]
Figure 5. Relaxed filter used at Rx
Below we present some numerical analysis to support the arguments above. For the Tx and Rx filters (denoted as FIR in the figures) 2 different equiRipple filters were used. The number of taps for the filters is 512 and 128 respectively. The frequency response of the filters is shown in Figure 6. The two filters have different sharpness and complexity. In order to further mitigate the loss in orthogonality, Rx WOLA is also used at the receiver. The principle is summarized in Figure 7. In the simulation a 10MHz system is used and the numerology allocation is 6RBs for 60kHz(5MHz) and 25RBs for 15kHz(5MHz). There is no guard-band between the different numerologies.
The simulation results are shown in Figures 8-11 for different Tx and Rx filter combinations. It can be seen that sharper filters show better EVM performance and Rx WOLA further enhances performance by mitigating the loss in orthogonality. As can be seen, even for the best case(sharp filter at both Tx and Rx and Rx WOLA) the EVM performance suffers significant degradation on the RBs situated at the boundary between numerologies. This simulation does not consider any RF impairments so the actual EVM performance will be even worse. 
The improvement in the performance with filtering comes at a very high implementation cost. On the Tx and Rx sides, a different filter is needed for each possible RB allocation and it has to be switched dynamically depending on the allocation. For example, if the channel bandwidth is 100MHz and one of the SCS is 30kHz, there would be about 220 RBs. Besides the extra chip area, more latency is also introduced by these filters. 

Observation 3. Implementation cost of filtering is prohibitively high because different filters are needed for different RB allocations.
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Figure 6. FIR Filters used at transmitter and receiver                  Figure 7. Rx WOLA diagram
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Figure 8. EVM measured with sharp filters and no Rx WOLA (60kHz numerology left, 15kHz numerology right)
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Figure 9. EVM measured with relaxed filters and no Rx WOLA (60kHz numerology left, 15kHz numerology right)
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Figure 10. EVM measured with sharp filters and Rx WOLA (60kHz numerology left, 15kHz numerology right)
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Figure 11. EVM measured with relaxed filters and Rx WOLA (60kHz numerology left, 15kHz numerology right)
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Figure 12. EVM measured with Tx filter and Rx WOLA(no Rx FIR filter) (60kHz numerology left, 15kHz numerology right) 
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Figure 13. EVM measured only with Tx/Rx WOLA(no Tx or Rx FIR filter) (60kHz numerology left, 15kHz numerology right) 
We do not believe that implementation of Rx filtering for improving the EVM seen by the receiver is feasible. Hence, the UE requirements for the mixed numerology case(and implicitly the Tx EVM measurement assumption) should be derived under the assumption that only Rx WOLA is used. Based on the results in Figure 12 and 13, Rx WOLA does improve the performance with minimum increase in complexity.

Observation 4. The EVM requirements should be derived under the assumption that only Rx WOLA is used.

In this paper we haven’t analyzed the relationship between EVM seen at the receiver (using Rx WOLA) and guardband between numerologies. Based on the results in Figure 12 and 13, the EVM degradation is significant(EVM<-25dB) in the edge RBs if there is no guardbandThis should be studied further in order to define the requirements. 
3. Conclusion
In this paper we analyzed the EVM definition for the mixed numerology case. Based on our analysis we made the following observations:

Observation 1. Tx EVM measurement depends on the implementation of the receiver used for the measurement. 
Observation 2. The receiver used to measure Tx EVM will imply that UEs have to match the same performance.
Observation 3. Implementation cost of filtering is prohibitively high because different filters are needed for different RB allocations.

Observation 4. The EVM requirements should be derived under the assumption that only Rx WOLA is used.

In this paper we haven’t analyzed the relationship between EVM seen at the receiver (using Rx WOLA) and guardband between numerologies. This should be studied further in order to define the requirements.
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