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1.	Introduction
During RAN4#98-e two Way Forwards [1][2] were agreed for further study on approaches for irregular bandwidths.  In this contribution the focus will be discussing overlapping bandwidth approaches.  A companion paper [3] will cover the aspects relating to using next larger channel bandwidth approach.  
In [1]three different categories of overlapping bandwidth approaches to solve the irregular bandwidth is captured.  The first is overlapping UE channel bandwidth from network perspective.  In this approach the network supports the irregular bandwidth where each UE operates in a SmallerCHBW.  Here the network supports the irregular bandwidth with a single CORESET#0 shared between UE#1 and UE#2.  The second category is overlapping UE channel bandwidth from the UE perspective.  In this case the network supports the irregular bandwidth while some new UEs support two overlapping carriers and by a CA or two overlapping component carriers or by the combination of two RF carriers.  This will allow the UE supporting overlapping channel bandwidths achieve use of the entire irregular bandwidth.  Lastly the approach of overlapping UE channel bandwidth from UE perspective also covers the approach of using overlapping intra-band CA whereby the irregular bandwidth is covered by two overlapping component carriers with existing NR channel bandwidth each.  One of which is (PCell).
2.	Discussion
It has been agreed to focus on DL and UL overlapping UE channel bandwidths from network perspective, exert from WF:
2. Should overlapping CBWs from network perspective be studied for UL and DL?
Option 1: Yes, as an optional gNB feature in the DL and in the UL
Option 2: Yes, but only as an optional gNB feature and only in the DL
Agreement: Option 1
In this scenario it is beneficial to consider the balance and overall potential throughput/system gain.  It is also needed to study scenarios in which the required overhead of added network coordination is providing overall gain for supporting irregular bandwidth.  In other words, when comparing the overlapping CBWs approach to the use of the next larger NR channel bandwidth if there is sufficient gain over adopting the next larger NR channel bandwidth approach.  For example, for 12 MHz case it may be that system gain is higher for using next larger channel bandwidth approach in which case a preference should be given to using the next larger channel bandwidth approach.  

Observation 1: Studying the overlapping CBWs approach needs to take comparison with other approaches for considering additional implementation complexities and system gains.

As further investigations come for use of this method one short coming that has been previously discussed [4] is the ability to fix CORESET#0 and thereby SSB shared between overlapping UEs in overlapping channel bandwidth approach.  This was further captured as for further study in WF [1], exert shown below:
3. How should overlapping CBWs be studied for spectrum blocks narrower than 10 MHz?
Option 1: It is sufficient to serve all UEs that operate only at one CBW of 5 MHz on the same side of the spectrum block.
Option 2: It shall be possible to serve UEs that operate only at one CBW of 5 MHz on both sides of the spectrum block – even if this requires the overhead for a second initial BWP (which, moreover, overlaps in frequency with the first initial BWP).
Agreement: FFS. Companies are encouraged to investigate further SSB alignment within irregular BW in RAN4#98-bis-e.

For Option 1 or Option 2 both options leave high complications in overhead implementation and less than 10 MHz irregular bandwidths can be solved with using next larger NR channel bandwidth.  Furthermore, if considering Option 2 as an example to support irregular channel bandwidth of 7 MHz and set the overlapping CORESET#0 (4.32 MHz) for two UE channel bandwidths operating at 5 MHz each it leaves each UE with less than a MHz of additional bandwidth.  For the necessary overhead required it would be more optimal to consider a single UE operating at the full 7 MHz within a 10 MHz channel bandwidth.

Now taking a closer look at the larger than 10 MHz scenarios for irregular bandwidths.  For NR the BS can configure any carrierBandwidth of a serving cell that is not necessarily aligned with the channel bandwidth specified for the UE. The carrierBandwidth is indicated in terms of resource blocks (PRB) fitting the available spectrum block with due allowance of internal guard bands on either side of the PRBs. This approach would then have some areas of concern when it comes to UE RF requirements, and the following example of block size of 13 MHz where UE dedicated bandwidth of 10 MHz and 5 MHz are used to overlap in order to create the 13 MHz block size.  The network can configure the UE with dedicated CHBW smaller than the (irregular) spectrum block size. The Network will ensure that the UEs configured with dedicated bandwidths will be scheduled in a way that no collisions will occur. In the example two existing UE channel bandwidths of 10MHz are overlapped in frequency. The initial bandwidth part (BWP#0) and the corresponding CORESET#0 fits within both of the configured UE dedicated channel bandwidths. With the 15 kHz SCS the CORESET#0 minimum size is: 4.32MHz (given the minimum number of 24PRBs for CORESET, table 13-4 in TS38.213) means that the overlapping initial bandwidth part (BWP#0) must fit within the overlapping portions of the UE channel bandwidths (BWP#1 and BWP#2 in Figure 1).  
Proposal 1: Overlapping UE channel bandwidths approach can only be considered for operator block size larger than 10 MHz due to CORESET#0 size.
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Figure 1: Overlapping bandwidths in a spectrum block size not aligned with standardized channel bandwidths

2.2	Spectrum Utilization

Note that the Spectrum Utilization (SU) for the case with overlapping UE CHBWs from a UE point of view is limited to the configured UE dedicated CHBW. In the example in Figure 1 that would be 10MHz and not the full Block Size of 13MHz. From a NW point of view the spectrum could be considered more utilized since the UEs served will be distributed within the full Block size (Irregular BW). 
It can also be spotted that with scheduling UE#1 and UE#2 with regular BWs or smallerCHBW there is a reduced SU from the full block size or irregular BW.  In this scenario only advantage of this approach is using the irregular bandwidth on network side and becomes unbalanced from SU point of view.  Additionally, resource block sharing between UE#1 and UE#2 would mean additional network overhead may provide small additional gain.  
RAN4 should consider on a definition on SU balance for these irregular bandwidth cases.
Observation 2: The SU will be different and “unbalanced” between the NW and a single UE.
Observation 3: RAN4 should consider on a definition on SU for these irregular bandwidth cases.
3.	Conclusions
In this paper we make the following observations:
Observation 1: Studying the overlapping CBWs approach needs to take comparison with other approaches for considering additional implementation complexities and system gains.
Observation 2: The SU will be different and “unbalanced” between the NW and a single UE.
Observation 3: RAN4 should consider on a definition on SU for these irregular bandwidth cases. 
Proposal 1: Overlapping UE channel bandwidths approach can only be considered for operator block size larger than 10 MHz due to CORESET#0 size.
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