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1	Introduction 
Here, we continue the discussion on using Overlapping CBW from the UE and Network Perspective for addressing irregular channel bandwidth problem [1].  This contribution discusses the strengths and weakness for this method and gives an example of how signalling can be enhanced to expand the BWP methodology.
In the previous RAN4 #99 meeting, three primary methods were discussed for support of efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths:  
•	Overlapping CBW from Network perspective [4-7]
•	Overlapping CBW from Network and UE perspective [1] 
•	Next Wider CBW [2-3]  
The Next Wider CBW method is the simplest method to implement, requiring minimal changes for RAN1, 2.  Yet is has the drawback of somewhat reduced ACS when potential blockers are located adjacent to the desired irregular operating CBW.  The next wider BW filters cannot completely remove blocker energy before aliasing noise and distortion are added to the desired signal.
The method Overlapping CBW from the Network Perspective has no ACS problem, but it doesn’t allow the UE to fully utilize the available irregular BW spectrum.  Further, this method introduces complexity to the SSB, CORESET0 signalling by requiring multiple time staggered SSB and CORESET0 to perform initial access for each of the separate overlapping CBWs in order to support CBW < 10MHz.  For CBW > 10MHz, multiple frequency staggered SSB and CORESET0 are required.  In both cases, RAN 1,2 will need to assess possible impacts to UE PHY, MAC and RRC algorithms.
Observation 1: Overlapping CBW from Network Perspective approach has limited benefit in that a single UE can’t utilize the entire irregular BW.  This method also requires RAN 1,2 to assess possible impacts of multiple time or frequency staggered SSB to the UE PHY, MAC and RRC.
Overlapping CBW from the UE and Network Perspective also addresses the ACS problem and further allows the UE to fully utilize the available irregular BW spectrum.  This method does require new signalling by RAN1, 2; yet, the signalling is simple and is contained to a small portion of RAN1, 2 specs.
Observation 2:  Overlapping CBW from the UE and Network Perspective approach allows the UE to fully utilize the available spectrum and has no ACS problem.
2	Discussion 
The Overlapping CBW from UE and Network Perspective augments the existing BWP methodology which already gives flexibility in setting up BWP with a wide range of PRB lengths and locations.  The first signalling mechanism is the SSB which contains synchronization signals (SS), PBCH and the MIB.  The MIB tells the UE the offset, SCS and number of RBs (24 minimum) to use for CORESET#0 [4].  Next, within CORESET#0 the first SIB1 is sent which gives the UE a fixed reference Point A.  Next, the Initial BWP is used, typically with the same PRBs as the CORESET#0 as the NW performs random access procedure and RRC connection is established during several handshakes with the UE.  It is at this point that UE capabilities are discovered, and the NW will learn if a UE is capable of handling Overlapping CBW from the UE and Network Perspective.  UEs already supporting non-contiguous intra-band CA have at least two RF carriers and their hardware should also support Overlapping CBW from the UE and Network Perspective [1].
If the Network discovers a legacy UE, then it may simply configure the next smaller CBW and the standard Rel-15 signalling will follow.  The legacy UE will be able to operate for the networks supporting overlapping CBW from the network perspective, however, they will not be able to exploit full spectrum utilization.
If the Network discovers a Rel-17 UE capable of support of Overlapping CBW from the UE and Network Perspective, then the Network will need to use new signalling to setup the UE. In particular, one approach is to configure two overlapping BWPs. In accordance with Rel-15 design UE may support a single active BWP and direct reuse of legacy BWP configuration is not possible. Instead, a new type of BWPs may be required to configure overlapping BWPs (e.g., define a primary (or legacy) BWP and a secondary BWP). The new signalling can tell the UE how to locate the two overlapping BWPs (Figure 1) so that they can form a single combined BWP.  The Rx Filters for each receiver chain in the UE would be the same, as would the location and bandwidth PRB locations and all the other SIB1 fields.  
After the receivers down-convert the primary and secondary BWP, FFT and equalization are performed which separates the BB signal into sub-carriers and removes any minor gain, phase or offset variations between the Rx RF/analog chains.  After the FFT and equalization, many UEs combine the energy from the subcarriers of each MIMO Rx chain using maximum ratio combining (MRC), zero force (ZF) or MMSE combining.  This allows sub-carriers in Rx MIMO chains experiencing deep fades to be weighted less compared to sub-carriers experiencing strong signal.  The same hardware can be used for combining overlapping BWP to take advantage of energy from overlapping subcarriers within the RBs.  The type of combining is implementation specific and not specified by RAN1, 2 so it is up to each UE design to optimize.  After combining, the following layers of PHY, MAC, RRC in the UE stack can simply operate on the combined BWP with no changes required.  The overlapping BWP only exist in the PHY front-end.  After PRB combination, the Combined BWP is passed to the PHY back-end, MAC and higher layers.  This an advantage of this methodology in that only the UE PHY would require updated capability to utilize the full irregular BW and take advantage of the overlapping RBs, the higher layers would remain unchanged. 
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Figure 1 – Example of Overlapping CBW from UE and Network Perspective for 11MHz Irregular CBW.
As an example, Figure 1, shows the signalling for an 11 MHz irregular BW being sent from the BS to a UE capable of Overlapping CBW from UE and Network Perspective.  The SSB, CORESET0, Initial BWP only need to align within the Primary CBW.  The Rx filters for BWP #1p and BWP #1s are optimally sized to the next smaller CBW and will allow no ACS degradation.  52 PRBs are received by each Rx path in the UE and after combination, 57 PRBs are acquired.
A major benefit of this method is that there are no changes to the SSB, CORESET#0, Initial BWP signalling.  Even for CBW < 10MHz the method works.  This is because the primary BWP uses all of the legacy signalling, and the secondary BWP is additionally setup only by UEs that notify the NW of this capability.
Observation 3: Overlapping CBW from the UE and Network Perspective approach requires no changes to SSB, CORESET#0, Initial BWP signalling because the primary BWP uses all of the legacy signalling, and the secondary BWP is additionally setup only by UEs that notify the NW of this capability.
[bookmark: _Hlk78906498]To facilitate straightforward combining of overlapping PRBs and to keep any new signalling simple, the CCs for BWP#1p and BWP#1s should be aligned to at least a raster equal to the PRB width, ie. 180kHz.  This is another advantage of only using one SSB instead of requireing multiple SSB as in Overlapping from Network perspective.  The SU is improved on average 1.6% when averaged over CBW ranging from 6 to 19MHz [8].  Using the “Secondary Offset to Point A” allows all BWP#1p, BWP#1s and the combined BWP locations to all be giving by an integer number of RBs.
Observation 4: Addressing a secondary BWP with an integer number of offset PRBs results in a much simpler initial access methodology including SSB, CORESET#0 compared to a method requireing multiple SSBs, ie. Overlapping from Network Perspective.
Proposal 1: For Overlapping CBW from UE and Network Perspective Method, a new higher layer signalling to indicate a secondary BWP would allow UEs with at least two RF carriers to setup a seconary RF carrier with for Overlapping CBW with aligned RBs.
Proposal 2: Overlapping CBW from UE and Network Perspective Method capable UEs should combine overlapping RBs to form a single combined BWP for higher network layers following the PHY.
The Overlapping CBW from UE and Network Perspective Method has the advantage highest performance of any of the proposed methods. Compared to the Overlapping CBW from Network Perspective which limits UE CBW to next-smaller-CBW, Overlapping CBW from UE and Network Perspective Method allows the UE to utilize the full irregular BW spectrum. This method also has no ACS degradation from adjacent channel blockers.  Typical UEs have highly optimized Rx filters to meet the tight existing ACS specification.  This method re-uses these filters and does not require any new filter specifications.  
The cost of this method is that it requires RAN1, 2 to add a new signalling IE field, potentially in the RMSI. RAN1, 2 would also need to study the feasibility of allowing a secondary BWP. 

3	Conclusions
Advantages of the Overlapping CBW from UE and Network Perspective Method were discussed and a new higher layer signalling for secondary BWP to allow Overlapping BWP was proposed.
Observation 1: Overlapping CBW from Network Perspective approach has limited benefit in that a single UE can’t utilize the entire irregular BW.  This method also requires RAN 1,2 to assess possible impacts of multiple time or frequency staggered SSB to the UE PHY, MAC and RRC.
Observation 2:  Overlapping CBW from the UE and Network Perspective approach allows the UE to fully utilize the available spectrum and has no ACS problem.
Observation 3: Overlapping CBW from the UE and Network Perspective approach requires no changes to SSB, CORESET#0, Initial BWP signalling because the primary BWP uses all of the legacy signalling, and the secondary BWP is additionally setup only by UEs that notify the NW of this capability.
Observation 4: Addressing a secondary BWP with an integer number of offset PRBs results in a much simple initial access methodology including SSB, CORESET#0 compared to a method requireing multiple SSBs, ie. Overlapping from Network Perspective.
Proposal 1: For Overlapping CBW from UE and Network Perspective Method, a new higher layer signalling to indicate a secondary BWP would allow UEs with at least two RF carriers to setup a seconary RF carrier with for Overlapping CBW with aligned RBs.
Proposal 2: Overlapping CBW from UE and Network Perspective Method capable UEs should combine overlapping RBs to form a single combined BWP for higher network layers following the PHY.
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