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1 Background: the study item on irregular bandwidths
In the RAN4 Study Item “Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” (FS_NR_BW_eff_util) four different methods based on existing techniques 

1. overlapping CA (two cells)
2. overlapping UE CBW (one cell) from a network perspective

3. wider CBW (one cell)
4. combined UE CBW (one cell) 
for supporting bandwidths not aligned with existing NR channel bandwidths in the DL (the uplink a regular NR channel bandwidth) were considered. These were developed in view of the objectives of the study that included the following guidelines amongst other objectives related to the bandwidths to be supported:
· Generic solution(s) should be intended as much as possible, with priority should be given to approaches that avoid the introduction of new channel BWs on the UE side. Proprietary solutions if proven relevant should not be precluded

· Spectrally efficient methods providing a fine channel bandwidth granularity as well as low to moderate guard band width and signalling overhead should be preferred

· Impact on RAN1 and RAN2 should be considered and minimized

· For any considered solution, UEs not supporting such solution (both legacy and new UEs) should be able to use the next lower supported channel bandwidth in the UL and DL without implications. 
The conclusions of the study item are captured in the TR 38.844, quoting from Clause 7,
“The method of using a larger Channel BW [item 3 above: wider CHBW] 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 [item 2 above: wider CHBW] 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.”
while for overlapping CA [item 1 above], the following specification changes were identified: new UE capabilities needed and new band combinations, changes to channel spacing definition, applicability of overlapping CA requirements and new demodulation requirements for UEs.
The study item has identified three methods that are in accordance with the objectives and guidelines (item 4 above requires new UE architectures) and we observe
Observation 1: the RAN4 study item “Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” can be closed, at least three methods that are in accordance with the study item objectives have been identified.
2 SIB1 bandwidth and UE CHBW configuration

The RAN4 discussion on the feasibility and implementations the methods above also raised long-standing discussions on 
· interpretation of the carrier bandwidth advertised in SIB1 for each numerology and the possibility to configure additional BWP outside of this advertised carrier bandwidth (cell specific)
· whether a UE-specific CHBW within the BS carrier bandwidth configured by ServingCellConfig and located with PRB granularity according to the 38.331 must be centred on the channel raster specified in 38.101-1 1 just like the BS CHBW
The study item was put on a hold anticipating RAN4 consensus on these issues, but this has not yet been achieved. The issues are general and also affect the possibility of locating a narrower UE CHBW within a wider cell-specific BS CHBW, the flexibility of locating BWPs of different sizes within the cell-specific CHBW and the possibility of supporting new regular UE CHBWs in existing operating bands. We therefore observe
Observation 2: issues on interpretation of the carrier bandwidth advertised in SIB1 and whether UE-specific CHBW configured in dedicated signalling must be centred on the channel raster discussed by RAN4 during the study should not be addressed in any follow-on normative work to the methods identified by the study item; these issues are general. However, the impact on the said methods of any restriction of locating UE-specific CHBW on the channel raster should be considered in the normative work.
3 Follow-on normative work
Following the study item, normative work should be carried out for methods 1-3 listed above as needed to meet requested bandwidths by operators; method 4 requires new UE architectures and should not be considered. 
Objectives of a follow-on work item should include the following

1. specification of methods for supporting bandwidths not aligned with existing NR channel bandwidths for the downlink direction for both FDD and TDD [RAN4]

2. for overlapping CA (two cells), specify BW combinations [RAN4] and their channel spacing and the necessary capability specifications to support the feature [RAN2]

3. for overlapping UE CBW (one cell) from a network perspective, specify required changes to support bandwidths less than 10 MHz such as the use of multiple SSB, if needed (no changes needed for bandwidths greater than 10 MHz) [RAN4]

4. for the wider CBW (one cell); specify asymmetric channel bandwidth sets as needed [RAN4]

5. include support of the said bandwidths in BS specifications (the bandwidths as such will not be specified in the BS specifications) [RAN4]
6. consider limitations, if any, of the BS and UE channel raster for bandwidths in operating bands with a 100k channel raster and support of BWP sizes not aligned with UE channel bandwidths [RAN4]
The method of a combined UE CBW (one cell) requires new UE architectures and should therefore not be considered, this method is not fully aligned with the guidelines of the study. The overlapping UE CBW (one cell) from a network perspective does not require any changes for irregular bandwidths greater than 10 MHz but would be limited by additional channel-raster restrictions. We make the following 

Observation 3: following the study item, normative work should be carried out for methods 

1. overlapping CA (two cells)

2. overlapping UE CBW (one cell) from a network perspective

3. wider CBW (one cell)

as needed to meet requested bandwidths by operators. The performance part would include UE demodulation performance requirement for BW combinations and BS conformance test requirements to support bandwidths not aligned with existing BS channel bandwidths as appropriate.
The normative work should include example bandwidths (band combinations) not aligned with existing NR channel bandwidths for FDD and TDD. Further bandwidths can be covered by an appropriate basket WI.

4 Conclusion
We make the following
Observation 1: the RAN4 study item “Study on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” can be closed, at least three methods that are in accordance with the study item objectives have been identified.

Observation 2: issues on interpretation of the carrier bandwidth advertised in SIB1 and whether UE-specific CHBW configured in dedicated signalling must be centred on the channel raster discussed by RAN4 during the study should not be addressed in any follow-on normative work to the methods identified by the study item; these issues are general. However, the impact on the said methods of any restriction of locating UE-specific CHBW on the channel raster should be considered in the normative work.
Observation 3: following the study item, normative work should be carried out for methods 

1. overlapping CA (two cells)

2. overlapping UE CBW (one cell) from a network perspective

3. wider CBW (one cell)

as needed to meet requested bandwidths by operators. The performance part would include UE demodulation performance requirement for BW combinations and BS conformance test requirements to support bandwidths not aligned with existing BS channel bandwidths as appropriate.
A new WID is proposed in [1].
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