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1	Introduction 
For this contribution we share our views on signalling framework for the Wider CBW method [1] (use of larger channel bandwidths than licensed bandwidth) based on RAN1 and RAN2 LS responses [2][3].
2 Discussion
2.1	Views on RAN1/RAN2 LS responses
RAN2 provided the following comments on the wider CBW method [3]: 
	· Clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
RAN2 response: RAN2 specifications currently assume that network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 and TS 38.101-2.
· [bookmark: _Hlk92382819]Confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 
RAN2 response: RAN2 assumes network only configures channel bandwidth according to UE capabilities. UE behaviour is not specified when the channel bandwidth configuration exceeds the frequency band borders. 


The RAN2 response is not clearly supportive of utilizing the Wider CBW method without the use of further signaling. Rather RAN2 indicates uncertainty for the UE behavior and states that network configuration is not specified for the case of CBW outside the band edges.  
Observation 1: RAN2 to not supportive of using the Wider CBW method for legacy UEs outside of the NR band due to unclear behavior.   The Wider CBW method cannot be used for legacy UEs in case CBW is not fully contained in the NR band.
There is no issue with the Wider CBW method using undefined CBW values and the method is expected to use the CBW listed in TS 38.101-1.  If UE CBW is configured in a way that some portion of CBW falls out of frequency band, then UE may deny such configuration (i.e., UE behavior is undefined). 
Observation 2: It is worth noting that RAN4 doesn’t intend to define RBs beyond the NR frequency band borders, but merely to allow the excess portion of the CBW filter to extend beyond the band borders.
RAN1 provided the following comments on the wider CBW method [2]: 
	· Clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
RAN1 response: RAN1 specifications do not place any limitations to this for FDD bands as RAN1 specifications are agnostic to the definitions of operating bands, bandwidths and duplex distances while for TDD bands RAN1 requires that the active UL and DL BWP pair must have the same center frequency. It is RAN1 understanding that RAN2 capability and configuration signalling and RAN4 band, duplex and bandwidth definitions place restrictions to carrier positions.
· Confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 
RAN1 response: RAN1 understanding is that there is no defined UE behaviour for a carrier that is not fully contained in a NR band as the UE capability of supported maximum bandwidth is defined on a per CC/per Band/Per BC basis, which assumes the indicated BW for a given CC is within a defined NR band.



The RAN1 response raises similar concerns to operating beyond the NR band edge but for operation within the NR band does not put constraints for Wider CBW method.
Observation 3: RAN1 also raises concern about CBW being outside of the NR band borders.  However, beyond this limitation, and for BWP operating within the band borders, RAN1 states their specifications are compatible with the Wider CBW method.
For discussion, we consider 2 scenarios:
Scenario #1: NW configures the UE CBW within the frequency band. In this case the configuration can be applicable to legacy Rel-15/16 UEs. No issues expected and no new signaling is required for this case.
Scenario #2: NW configures the UE CBW and the CBW configuration exceeds the frequency band borders. In such case additional signaling is required to inform UE that this is an intended behavior (i.e., extra signaling needs to be defined to inform UE that it operates under irregular BW scenario)
RAN1,2 response clarifies the existing behavior, and this means that legacy UEs can’t be configured with CBW exceeding frequency band edges, however this doesn’t preclude new UEs from configuring.  In this case, RAN4 needs to define behavior and signaling.
Proposal 1: For new UEs, if the UE signals it is capable of placing its CBW filter beyond the band borders, then it is possible to for the NW to configure the UE to meet RAN1,2 specifications, and RAN4 needs to define this behavior.
3	New Signalling to Indicate UE Behaviour
3.1 Legacy UE Operation
Legacy UE are current Rel-15,16 UEs.  These do not yet have signalling capability to operate CBW filters beyond the operating band borders.  Yet they can utilize the proposed Wider CBW method, and the NW is able to schedule them such that the CBW filter lies within the NR band borders.  For this case there is no unclear or undefined behavior.
All the currently proposed Irregular CBW band are FDD.  To further simplify this case for legacy UEs operating in TDD bands, the CC must be centred within the CBW to align CC between UL and DL
Proposal 2: For legacy UEs, no new signalling is needed.  The NW can perform scheduling to avoid placement of the Wider CBW near the NR band edges.
An example of Legacy operation with the Wider CBW method is briefly summarized here:  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 [4,5].  Next, within CORESET#0 the first SIB1 is sent which gives the UE a fixed reference Point A.  The Point A is independent of the channel boundary and can be located within or outside the band edges.  In this example, Point A is located below the Band Edge, but the location is not significant.  Next, the Initial BWP is used, typically with the same PRBs as the CORESET#0 and the NW performs random access procedure and RRC connection is established during several handshakes with the UE.  The NW learns that the UE has no signalling to have the capability to operate below the band edge, because it is a legacy device.
At this point, the NW can proceed to setup the PRBs to be used for Wider Channel BW for the UE in the legacy manner.  The NW will then use SIB1 to signal to the UE to setup BWP#1.  The NW is aware of the band edge and avoids setting up the BWP in an area that might overlap the edge of the defined regular BW channel.  The SIB1 Offset to Point A, tells the UE where the lowest in-grid PRB is located.  This is the first PRB within the channel filter.  The higher layer parameter carrierBandwidth within SIB1 tells the UE how wide to set the Rx filter.  In this case, the NW selects the next larger filter for the values of Offset to Point A and carrierBandwidth.  The NW then tells the UE the size of the BWP to use within the PRB grid in terms of PRB start and the number of PRBs to include in the BWP.  After receiving this information in SIB1, the UE has sufficient information and will locate the CC, set the filter to the next wider BW, and to know which PRBs to keep [5].

As a further example, in Figure 1, the NW sets up 7MHz of PRBs on a Legacy UE.  When switching to BWP#1, the UE adjusts its CC frequency, sets the filter BW to the next wider CBW, 10 MHz, and sets the PHY to use the BWP#1 RBs (blue).  The NW never schedules BWP that would require the UE to set its CBW filter below the band edge.

[image: ]
Figure 1 – Example signalling for the NW setting up 7MHz Irregular BW in the center of the CBW, on a capable UE.  The NW never schedules BWP that would require the UE to set its CBW filter outside the band edge.
3.3	New UE Operation with Signalling for Wider CBW method
For new UEs (e.g., Rel-17 or Rel-18), a new signalling can indicate to the NW that a UE is capable of utilizing the Next Wider CBW method beyond the NR band edges.  This new signalling will need RAN2 support for augmentation and adoption into the standard. With the new signalling, the UE will clearly communicate its capability to operate for Wider CBW beyond the NR band edges. 
Proposal 3: New signaling can indicate to the NW that the UE is capable of utilizing the Wider CBW method is able to place its CBW filter beyond the NR band edges without issue.  RAN2 support of new signalling for the Wider CBW method will be needed for augmentation and adoption into the standard.
Most UEs currently have this capability, but need the additional signaling to clarify operation to the NW.  
For new UEs, signaling can also indicate to the NW if a UE is capable of locating its CBW filter to the left, center or right portion of the indicated BWP to reduce ACS degradation.  This is useful when the network operator is aware of potential blockers that could degrade ACS performance.
Proposal 4: New signaling can also indicate when the NW is aware of certain blockers located adjacent to the left or right of the operator.  The NW can signal to the UE to locate its CBW filter to the left, right or centered of the indicated BWP to reduce ACS degradation.
This will utilize the existing capabilities of the UE Rx filter to eliminate ACS degradation due to these known blockers on the left or right side. Adjusting the UE Rx placement of the existing CBW filter will fully eliminate blocker energy on one side, as if the UE had a custom filter of the irregular BW. 
As an example, in Figure 2, the NW sets up a 7MHz Irregular BW on a UE that reports Next Wider CBW capability and the capability to locate its 10MHz CBW left, right or center.  In this case, the NW is aware of a potential blocker from another operator to the left of the desired channel.  Point A remains unchanged.  The NW sets the active RBs adjacent to the band edge, since the UE has signalled that it is capable.  The NW also informs UE to set its CBW filter in left mode. With this setup, the UE is fully able to eliminate blocker energy from the known left side blocker.
[image: ]
Figure 2 – Example signalling for the NW setting up 7MHz IrregularBW with PRBs on the left of the CBW.  UE Signalling informs the NW that it is capable to operate its CBW filter to the band edge.

3	Conclusions
In summary, the RAN1,2 LS response indicates a limitation for the Wider CBW method due to undefined behaviour in the case when Irregular BW is setup outside the legacy BW.  A new method of signalling is proposed to communicate the UE capability and eliminate the undefined behaviour. 
Observation 1: RAN2 to not supportive of using the Wider CBW method for legacy UEs outside of the NR band due to unclear behavior.   The Wider CBW method cannot be used for legacy UEs in case CBW is not fully contained in the NR band.
Observation 2: It is worth noting that RAN4 doesn’t intend to define RBs beyond the NR frequency band borders, but merely to allow the excess portion of the CBW filter to extend beyond the band borders.
Observation 3: RAN1 also raises concern about CBW being outside of the NR band borders.  However, beyond this limitation, and for BWP operating within the band borders, RAN1 states their specifications are compatible with the Wider CBW method.
Proposal 1: For new UEs, if the UE signals it is capable of placing its CBW filter beyond the band borders, then it is possible to for the NW to configure the UE to meet RAN1,2 specifications, and RAN4 needs to define this behavior.
Proposal 2: For legacy UEs, no new signalling is needed.  The NW can perform scheduling to avoid placement of the Wider CBW near the NR band edges. 
Proposal 3: New signaling can indicate to the NW that the UE is capable of utilizing the Wider CBW method is able to place its CBW filter beyond the NR band edges without issue.  RAN2 support of new signalling for the Wider CBW method will be needed for augmentation and adoption into the standard.
Proposal 4: New signaling can also indicate when the NW is aware of certain blockers located adjacent to the left or right of the operator.  The NW can signal to the UE to locate its CBW filter to the left, right or centered of the indicated BWP to reduce ACS degradation.
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