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Introduction
During RAN4 #82 meeting, there were several discussions on the mixed numerology guard band width and in-band requirements. As stated in those discussions, several proposals indicated that the complexity of specifying the requirement is not a simple task, and many suggested that the standard makes no regulation on this and let the gNB determines it on-the-fly according to scheduling. This contribution describes further to address how the requirement can be set from User Equipment (UE) point of view in downlink direction.                           
2
Discussion
2.1 Guard band width between numerologies
It is known that different numerologies introduce interference to the neighboring numerologies, in order to reduce this self-interference, filtering was proposed to be a viable way. However, to effectively adopt this filtering strategy, there are more to consider from UE’s point of view.
In document [3], different scenarios for multi-numerology transmission have been described, and for various operating scenarios, the important conclusion is the optimal guard band width between different numerologies should not be fixed but keep it as a variable depending on the different operating conditions. As suggested in [1], the standard should not specify the guard band width and the decision on how large the guard band width is left to gNB. Also as described in [2], it is suggested to specify two EVMs, one is full sub-block EVM and the other, edge EVM. It is pretty clear that due to different operating scenarios, the guard band width should be a variable and can change dynamically during transmissions. The consequence of this dynamic guard band width adaptation to the UE receiver needs to be analyzed in order to understand the implementation costs and trade-offs for UE.

From UE perspective, in order to successfully decode the transmitted bit streams, the UE receiver RF front-end must output a processed waveform with enough SINR to the receiver modem. However, the EVM varies by the self-interference filtering so that a constant EVM profile cannot be reached. Figure 1 shows a generic subcarrier EVM profile after applying the filter to reduce the self-interference to the neighboring numerologies. With this profile, the receiver must decide how to set its circuit configuration to process the incoming waveform.
With an inherent interference embedded in the transmitted waveform to the receiver front-end, as shown in Figure 2, the SINR at the receiver front-end output can be written as
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 are the signal power and noise plus interference power at the input, respectively. The above formula does not include the non-linearity effect. When we plot the SINR at the output versus signal power at the input, we will have the plot as shown in Figure 3. The responsibility of the receiver front-end is to choose appropriate circuit configurations so that the output SINR is above a required SINR for all input signal power level, as shown in Figure 4.
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Figure 1 Typical subcarrier EVM profile after filtering
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Figure 2 Simplified RF Front-End model
[image: image6.png]I'S
SINR,,,(dB)

Ny increases

5u(dB)




Figure 3 SINR at output verse input signal power for different input noise plus interference
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Figure 4 Receiver operating curve to maintain required SINR for decoding
With the inherent distortion introduced by the self-interference filtering, the EVMs of different subcarriers are different even in a transmission channel without any multipath. Due to this variable EVM, 
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 for different subcarriers are different, which shifts the receiver output SINR curve as shown in Figure 5. The receiver has to decide how to set the circuit configuration to decode, there are two strategies to consider. First, it can make the SINR of the edge subcarriers to be above the required SINR. This, however, will put the SINR of the center subcarriers far too above the required SINR. In this fashion, the edge subcarrier can support the same MCS as used for the center subcarriers, but since the edge subcarriers should be designed to occupy only a small portion of the entire transmit bandwidth, this will increase the power consumption in order to maintain such high SINR than necessary for majority of the subcarriers. In the second strategy, maintain just enough SINR for center subcarriers, and for those edge subcarriers, the output SINR will be lower. It will not be able to decode the MCS as that used for transmitting the center subcarriers. So a reduction of the MCS is needed for the edge subcarriers. Which strategy to use can be determined by gNB as the MCS is specified by gNB. Therefore, for both guard band width and the MCS used for subcarriers can be left to gNB, no explicit requirements are set by the standard.
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Figure 5 SINR at output verse input signal power for different input noise plus interference
Proposal 1: Guard band width and the MCS for center subcarriers and edge subcarriers are arranged by gNB. No explicit requirements are set by the standard.
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Figure 6   Exemplary EVM segmentation for codebook definition
2.2 Guard band width and MCS codebook
As stated previously, the guard band width can be dynamically changed and the EVM profile can have different shapes. With this dynamic nature, it will be a complex task for standard to specify for all the possible combinations for different conditions. Same as suggested before [1-2], the standard does not have to explicitly specify the requirement, but leave this to gNB. However, one question still remains, the receiver needs to have the knowledge about the guard band width and MCS used for each subcarrier for a successfully decoding. Since these combinations can be dynamically varied, the receiver needs to obtain the current combination parameters from gNB. To transmit full set of these parameters from gNB to the receiver is a big overhead. A reduction of complexity can be made to reduce the overhead. For example, the possible guard band width is limited to several values, with 15 KHz as the basic granularity. Also the number of edge subcarriers can be limited to a specified range, and the edge subcarriers can be separated into several sections. In each section, the subcarriers transmit with same MCS, as shown in Figure 6. The different combinations of the guard band width, number of sections, and MCS in each section can be pre-determined as a codebook in gNB which is transmitted to UE in initial access signalling channel. Then in the following transmissions, only the index to the codebook is sent from gNB to UE. In this manner, the dynamic nature of the guard band and the variation of EVM can be preserved and the overhead for transmitting the current used combination can be greatly reduced.

Proposal 2: Use a gNB specific pre-defined codebook for the guard band width and MCS and transmit the codebook to UE in initial access signalling channel.
Proposal 3: Transmit the index to the codebook in the signalling channel before the actual data transmission is taken place.
3
Conclusion
Proposal 1: Guard band width and the MCS for center subcarriers and edge subcarriers are arranged by gNB. No explicit requirements are set by the standard.
Proposal 2: Use a gNB specific pre-defined codebook for the guard band width and MCS and transmit the codebook to UE in initial access signalling channel.
Proposal 3: Transmit the index to the codebook in the signalling channel before the actual data transmission is taken place.
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