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1 Introduction
In this paper we further share our views on dedicated BS TX channel BW filters for addressing Irregular CBW [1]. In RAN4 101-e meeting, companies were encouraged to provide discussion if there is a need for dedicated gNB channel filters to meet spectral mask requirements for irregular channel bandwidths [2]. In RAN4 101-bis-e meeting, the topic was addressed but no conclusion was reached [3].
2 Discussion
2.1 Background
One issue that was discussed in RAN4 #101-bis-e was that of the BS TX requirements, determining these requirements impacts the options for BS TX channel BW filters.
RAN4 #101-bis-e (January 2022)
· Proposals
· Option 1: Existing ACLR, EVM requirements shall apply also for irregularBW (i.e. can be reused).    (R4- 2201882)
· Option 2: Operating band unwanted emission is specified for irregularBW and the existing limits can be reused. (R4- 2201882)
· Option 3: ACS is specified and the existing limits for next smaller channel bandwidth should be used. (R4-2201512)

· Recommended WF
· As a baseline consider current requirements as much as possible.  Selection Option 2 (TX) and Option 3 (RX) as a starting point minimum subset of requirements needed.  
2.2 BS TX specs in Irregular BW case
The existing specification should be re-used with minimal modification for Irregular channel bandwidths. The same ACLR (45dB) specification given in Table 6.6.3.2-1 of TS 38.104, and the same EVM specifications given in Table 6.6.2.2-1 of TS 38.104 (17.5%, 12.5%, 8%, 3.5% for QPSK, QAM 16, 64, and 256 respectively) should apply. 
Thus, in our view all three of the previously proposed options are agreeable.
Proposal 1: The same ACLR specification given in Table 6.6.3.2-1 of TS 38.104, and the same EVM specifications given in Table 6.6.2.2-1 of TS 38.104 should be used of Irregular CBW without need to modify.  
For ACLR, it is noted that adjacent channel measurement band for the ACLR measurement should begin immediately outside of the Irregular CBW.  It could be argued to use the next-larger CBW before beginning the adjacent channel, but this would likely create difficult interference scenarios.  Figure 1 below illustrates the left and right adjacent carrier frequency to be used in regular and irregular ALCR measurement immediately outside the Irregular CBW.
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Figure 1 – For Irregular CBW the left and right adjacent channels should be located immediately outside the irregular CBW
2.3	BS Tx CBW filters
Three possible methods of implementing Irregular BW in the BS are discussed.  These methods are not necessarily specific to any of the four UE implementation methods.  The primary issues is that the BS is able to fully populate the irregular CBW PRBs.
2.2.1 One or more Tx chains using new dedicated Irregular CBW filter
For this method, a new dedicated CBW filter is needed for each irregular bandwidth. This approach would be similar to the approach companies already use for adding new regular BS TX channel BWs. Companies would need to invest design effort, simulation time and testing time to ensure that each filter is spec compliant.  RAN4 would not need to specify this filter, yet the filter might be necessary to meet RAN4 specs.
As discussed in the previous section, the filter would need to ensure the ACLR be met for adjacent channels immediately outside the irregular channel bandwidth.  The filter transition region would occur in the guard band.  TS38.844 currently assumes the guard-band for Overlapping CBW methods is the same as the next-smaller regular bandwidth. As the irregular BW is larger than the next-smaller regular BW, the ratio of BW allotted to the transition region is reduced in case the guard bands of next smaller regular BW are reused. This will lead to higher order filters which are more somewhat difficult to achieve. 
Observation 1: Using a dedicated Irregular CBW filter ensures that BS TX specifications are met without the potential drawbacks of degraded EVM or degraded ACLR which can arise in some scenarios with other methods.  The down side of dedicated filters is design and development time.
2.2.2 A split between BS TX chains, using two overlapping next-smaller CBW 
This method allows the re-use of existing next-smaller CBW filters.  This reduces or eliminates the need for additional design, simulation, and testing.  The method only applies when more than one Tx chain is available, e.g., in the case BS Tx chains supporting of CA or MIMO.  
Figure 2 illustrates an example of this implementation.  A portion of the active RBs are implemented on Tx group 1 (blue) and a second portion of the active RBs are implemented on Tx group 2 (red).  The combination of the two groups of active RBs can address the entire Irregular CBW.  Both Tx groups need to be aligned in magnitude, phase and delay.  One potential drawback is that not all BS may be capable of aligning phase between separate Tx groups.
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Figure 2 – Example of using two overlapping next-smaller CBW filters to address the entire Irregular CBW.
Since the next-smaller CBW filter is already spec compliant to meet the ACLR mask for regular CBW, it will also meet the ACLR mask for irregular CBW.  However, since there is also adjacent channel distortion added by the filter skirt of the second Tx group, the combined adjacent channel power can be slightly higher than the single next-smaller CBW case.   However, since the filter skirts from the second RB group are typically 10dB lower than those of the primary RB group, the impact in negligible. 
Another issue that arises with using two overlapping CBWs occurs when not all the potential RBs are active.  For this case, the BB Tx image can be seen to contribute to the distortion to the other active Tx group.  While the BB Tx image may be spec compliant for emissions, it does contribute to the EVM of the combined signal.  Our simulations indicate that the EVM degradations due to overlapping distortion from the two-overlapping next-smaller CBW are insignificant for QPSK, QAM16, QAM 64 since ACLR dominates most TX BW scenarios for these modulations.  However, for QAM 256, we see a need for up to 0.5dB further MPR to meet EVM.
Observation 2: The advantage of implementing the TX BS with two overlapping next smaller CBW filters is that there is no need for design and testing of new filters, as the existing smaller CBW filters are re-used.  The disadvantage is that the number of Tx chains available for MIMO or CA is reduced by half.  A further disadvantage is the need for up to 0.5dB additional back-off to meet EVM for high order QAM due to distortion overlap.  
2.2.3 BS TX Next-larger CBW filter method
A third method for implementing the Irregular CBW is to use an existing next-larger CBW filter.  With this method, the next-larger CBW filter is used in the generation of the Irregular CBW.  Active RBs are only assigned within the Irregular CBW.
[image: ]A potential drawback to this methodology can be the BB image.  Normally the BB image is designed to meet emissions requirements, however, when it falls outside the Irregular CBW it will not meet ACLR requirements.  This happens in cases where the active RBs are aligned to the left or right edge of the Irregular BW.  It is noted, that the EVM and emissions requirements are similar between TS 38.101 and TS 38.104, whereas the ACLR requirements in the BS spec are significantly more stringent.  The BB image does not typically come from PA non-linearity, but rather BB analogue block non-linearity in an up-conversion Tx architecture.Figure 3: Example of using next-larger CBW filter with Active RBs on left edge to address the Irregular CBW. 

In Figure 3, an example is shown where the active RBs for the Irregular CBW are aligned to the left edge of the Larger CBW.  In this case, the BB image falls outside the Irregular CBW and degrades ACLR.  In Figure 4, an example is shown where the active RBs are centered within the Irregular CBW.  For this case the image falls in-band and there is no ACLR degradation.
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Figure 4: Example of using next-larger CBW filter with Active RBs centered to address the Irregular CBW
A further potential issue that can arise with the next-larger CBW filter, is that of noise from the DSP degrading the ACLR.  In many cases, the digital channel filter is used to “clean up” quantization noise from the DSP blocks.  Depending on implementation, the use of the next-larger CBW filter potentially could allow DSP noise into the adjacent channel region.  This issue will depend on how the BS hardware is implemented.  This is another disadvantage of the next-larger CBW filter method of BS Tx.  If this method is selected, one potential solution would be to reduce the ACLR requirement.
Observation 3: The Next-larger CBW filter method can degrade ACLR in cases when the active RBs are aligned to the left or right edge of the Irregular CBW due to the BB image falling in the Adjacent channel.  However, centering the active RBs within the Irregular CBW does not degrade ACLR.  Another potential implementation specific drawback to this method can be noise degradation.

3 Conclusions
In this paper, we have discussed the issue of BS Tx specs and CBW filters for Irregular BW.  We describe three potential methods for implementing Irregular BW in the BS Tx.  With three potential methods, there are trade-offs between each method that are implementation specific and there is not a clear need to impose any one of the BS TX methods upon any of the UE implementation methods.
Proposal 1: The same ACLR specification given in Table 6.6.3.2-1 of TS 38.104, and the same EVM specifications given in Table 6.6.2.2-1 of TS 38.104 should be used of Irregular CBW without need to modify.  
Observation 1: Using a dedicated Irregular CBW filter ensures that BS TX specifications are met without the potential drawbacks of degraded EVM or degraded ACLR which can arise in some scenarios with other methods.  The down side of dedicated filters is design and development time.
Observation 2: The advantage of implementing the TX BS with two overlapping next smaller CBW filters is that there is no need for design and testing of new filters, as the existing smaller CBW filters are re-used.  The disadvantage is that the number of Tx chains available for MIMO or CA is reduced by half.  A further disadvantage is the need for up to 0.5dB additional back-off to meet EVM for high order QAM due to distortion overlap.  
Observation 3: The Next-larger CBW filter method can degrade ACLR in cases when the active RBs are aligned to the left or right edge of the Irregular CBW due to the BB image falling in the Adjacent channel.  However, centering the active RBs within the Irregular CBW does not degrade ACLR.  Another potential implementation specific drawback to this method can be noise degradation.
Proposal 2: Since there are trade-offs between each of the BS Tx filter method that are implementation specific, RAN4 should not impose specific BS Tx implementation for any one of the UE implementation methods.
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