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Introduction
Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths [1] was further discussed in the last RAN4#106 [2]. TR 38.844 [3] can be considered complete (while remaining open issues can be addressed by future CRs) with the analysis of four methods listed below.
· Larger Channel BW than licensed BW
· Overlapping UE CBWs* from Network Perspective 
· Combined UE CBW (one cell)
· Overlapping CA (two cells)
In this contribution, we discuss the conclusions of the SI.
* CBW or CHBW: channel bandwidth

Discussion
If there were to be normative work to follow the SI, a method that has minimum impact to the UE should be pursued, as there has not been much interest in RAN4 to introduce higher UE complexity to support irregular bandwidths. The last two methods (combined UE CBW and overlapping CA) require an advanced UE receiver architecture for non-contiguous intra-band DL CA in low frequency bands for overlapping bandwidths. On the other hand, the first two methods (Larger Channel BW than licensed BW and Overlapping UE CBWs from Network Perspective) can support the entire irregular spectrum with a legacy UE architecture.
TR 38.844 concluded the following regarding the first two methods:
The method of using a larger Channel BW than the licensed BW is based on blanking (not scheduling) PRBs within the larger BW but outside the irregular BW. If applied for the DL only, this method can be supported by specifying an asymmetric UE CHBW bandwidth configuration for band such that its UL CHBW is contained within the irregular UL block and the DL CHBW is larger than the irregular DL block. In this way UE unwanted emission requirement in the UL can be met by means of the regular UE CHBW. The larger DL UE CHBW implies a degraded UE adjacent channel selectivity and blocking performance when the interferer is close to the irregular DL block. However, the method can be supported by using existing UE architectures (since asymmetric bandwidths are supported by the current standard) in combination with new asymmetric CHBW combinations. The method works for both FDD and TDD.
Overlapping channels from the network perspective can be used to support irregular spectrum allocations. This method can provide the full network capacity improvement in DL and UL to a spectrum utilization ≥90 % of the irregular BW (at 15 kHz SCS). This method can be used with legacy UE, even Rel-15, not requiring any changes at the UE side. Since a UE is configured with standard channel bandwidth, there are no issues with UE performance degradation relative to minimum requirements and all the regulatory requirements can be met as per legacy operation. The ACS and the blocking performance are not affected, hence there will be no impact on the network planning. The gNB has to support the irregular channel BW because from the network perspective RBs are scheduled across the whole spectrum block. That might also require new BS requirements for new irregular channels. This method provides a fast, generic, safe and efficient solution for FDD and TDD bands.


The Larger CBW method needs UEs that support the required asymmetric CBW combinations (in particular 10 MHz UL with 20 MHz DL and 5 MHz UL with 15 MHz DL in the bands of operator interest, i.e., n5, n12, n26, n28, n85, cf. [3] table 4-1), and – unless this support is mandated – that signal this support in their capabilities. The corresponding signaling by asymmetricBandwidthCombinationSet [4, 5] or mandatory support is not defined yet for these bands in Rel-17 [5], although today's usual UE architecture looks compatible with these asymmetric CBW combinations. This means that legacy UEs would have to be operated using a symmetric CBW combination, and to ensure that the out of band emission requirements are met in the UL, the symmetric CBW combination would be the next smaller CBW in UL and DL. Since the DL CBW must include the SSB, there would be for irregular BWs <10 MHz usually only one suitable position. For an irregular BW of 11 MHz, to place the UL carrierBandwidth in SIB1 as well as the 10 MHz wide UE specific CBWs with the needed RB grid alignment on the 100 kHz raster, all UE specific CBWs would have to be at the same position, too. (More details are provided in the annex.)
Observation 1: For legacy UEs, the Larger CBW method brings no benefit in those irregular BWs from the operators' input that are smaller than 12 MHz, because all legacy UEs would be operated with the next smaller CBW than the irregular BW at the same CBW position.
To ensure a sufficient penetration of suitable UEs for the Larger CBW method so that the DL traffic can be distributed well across the irregular BW, this method's needed asymmetric CBW combinations would have to be mandated for the relevant operating bands in Rel-18, and then some patience would be needed until the penetration of capable UEs in the field would be high enough.
Observation 2: The penetration of UEs that support the required asymmetric CBW combinations should be taken into account if further considering the Larger CBW method.
Following the clarification of legacy UEs' channel raster needs, the Larger CBW method was considerably changed at the last RAN4#106 meeting. To ensure that the UE specific CBW is aligned at the 100 kHz channel raster in the cases of operator interest, the next larger regular CBW above the irregular BW cannot be used, and instead the next-but-one larger regular CBW must be used for the DL channel filtering. For example, for an irregular BW of 6 MHz, the 15 MHz DL channel filtering must be applied. This makes the adjacent channel interference issue in the downlink even worse than the analysis in the TR 38.844 section 6.1.3. The larger channel filter will not provide the usual stop-band attenuation at the edges of the irregular BW, but only at the channel filter edges. In the earlier analysis with the next larger channel bandwidth, the degradation of the estimated SNR due to an adjacent channel interferer gets the higher, the narrower the irregular bandwidth is compared with the channel filter. For example, the degradation for 6 MHz irregular bandwidth with 10 MHz channel filter was already worrisome, suggesting downlink problems of cell edge users in the vicinity of adjacent channel interferers. The degradation for an irregular BW of 6 MHz with 15 MHz channel filter would be significantly worse than that, as up to an additional 5 MHz is not suppressed by the channel filter (similar to [3] figure 6.1.2.3-1). Operation in licensed spectrum aims to provide reliable radio links even at the cell edges, but with this method there would be a high risk that the poor ACS/blocking performance would result in unreliable connections of cell edge users in typical uncoordinated deployments. Therefore further study would be needed before any positive decision could be taken about beginning normative work for this method. Otherwise, a method might be specified which degrades the ACS/blocking performance of UEs supporting that method so much that the performance would be incompatible with today's network planning for uncoordinated deployments.
Observation 3: Normative work for the Larger CBW method could not be considered before properly studying the impact of the degraded UE ACS and blocking performance.

Conclusion
In this contribution, we discussed issues for the candidate methods for irregular bandwidth. 
Observation 1: For legacy UEs, the Larger CBW method brings no benefit in those irregular BWs from the operators' input that are smaller than 12 MHz, because all legacy UEs would be operated with the next smaller CBW than the irregular BW at the same CBW position.
Observation 2: The penetration of UEs that support the required asymmetric CBW combinations should be taken into account if further considering the Larger CBW method.
Observation 3: Normative work for the Larger CBW method could not be considered before properly studying the impact of the degraded UE ACS and blocking performance.
Therefore, if normative work were to be considered to follow from the SI, the only method which could currently be considered would be the Overlapping UE CBWs from the Network Perspective.
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Annex: Detailed explanation of why the Larger CBW method needs new UEs to make use of the entire irregular BW
[bookmark: _Hlk129448522]The UL carrierBandwidth in SIB1 (plus guard bands) must be inside the irregular BW to ensure that, already at the initial access, the regulatory requirements for the UE's out of band emissions are met. For potential future UEs to be able to make use of the irregular BW in the DL, a larger carrierBandwidth than the irregular BW would be signaled in SIB1. At least if the network cannot assume the UE to support the combination of SIB1 carrierBandwidths in UL and DL, it signals additionally UE specific CBWs for the connected mode. The UE specific CBWs (cf. downlinkChannelBW-PerSCS-List and uplinkChannelBW-PerSCS-List in TS 38.331 subclause 6.3.2) must be maximum transmission BW configurations (cf. TS 38.101-1 table 5.3.2-1). For the UL, this means that the next smaller regular CBW than the irregular BW will be signaled in uplinkChannelBW-PerSCS-List. 
A UE must support the respective operating band's asymmetric CBW combination set 0 [5]. It signals further supported asymmetric CBW combination sets per operating band by the parameter asymmetricBandwidthCombinationSet [4] which can take the values 1 and/or 2. The network can determine from the rightmost column of [5] which asymmetric CBW combinations the UE supports. However, for the operators' requested irregular BWs / operating bands ([3] table 4-1), the needed 5 and 10 MHz in the UL are not part of today's defined asymmetric CBW combinations. Hence based on the UE's signaled capabilities, the network cannot expect a UE to support any of the asymmetric CBW combinations that the operators requested. The network needs to respect the signaled UE radio access capability parameters when configuring the UE (cf. TS 38.306 subclause 4.2.1). Therefore, for the UE specific CBW, the network will signal a symmetric CBW combination (with the default duplex distance) which means that also in downlinkChannelBW-PerSCS-List, the next smaller regular CBW must be signaled. The position of this next smaller regular CBW must fit to the RB grid, to the channel raster, and it must include the SSB. For irregular BWs <10 MHz, there will be usually only one position that meets these requirements. Hence for irregular BWs <10 MHz, all legacy UEs would usually have to operate in the same next smaller regular CBW.
At an irregular BW of 11 MHz, commanding to different legacy UEs different positions of 10 MHz (52 RB) wide UE specific CBWs is not possible either. The frequency offset between the UE specific CBWs would have to be 900 kHz for the RB grid and the channel raster alignment. (900 kHz is the least common multiple of the 100 kHz channel raster in the frequency bands of [3] table 4‑1 and the RB size of 180 kHz at 15 kHz SCS.) The UL carrierBandwidth in SIB1 must also be aligned with the RB grid and the channel raster and it must include the UE specific CBWs. It would need to extend the 52 RBs of 10 MHz by 5 RBs on either side, but 52+2·5=62 RBs would (even already without guard bands) be too wide for 11 MHz. (If the SIB1 UL carrierBandwidth was only extended on one side, its center would not remain on the channel raster, and if it was extended by <5 RBs on either side, there would be no possibility for different UE specific CBWs of 52 RBs on the channel raster.)
Since RAN4 could only agree for the BWP that the specifications do not require it to be centered on the channel raster, this explanation assumes that the carrierBandwidth in both SIB1 and ServingCellConfig (UE specific CBW) must be centered on the channel raster (see also R4-2302816 issue 1-3).
