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1	Introduction 
In this contribution we continue the discussion of the Next Wider CBW method for addressing irregular channel bandwidth problem [1][2].  This contribution discusses the method’s strengths and weaknesses and gives an example of how signalling could be accomplished to setup the Next Wider CBW method between NW and UE.
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 [3-6]
· Overlapping CBW from Network and UE perspective [7] 
· Next Wider CBW [1-2]  
All three methods have merit with trade-offs in performance and implementation complexity. 
The Overlapping CBW from Network Perspective appears straightforward, but for CBW > 10MHz, it requires frequency staggered SSB, RMSI and for CBW < 10MHz it requires time staggered SSB, RMSI which represents a complication that will require RAN1,2 check to assess possible impacts. There is also the potential issue of using two BS CCs to transmit signals using a combined BW, which may require RF phase synchronization.  Finally, the Overlapping CBW from Network Perspective has the significant limitation of not allowing a single UE to utilize the full irregular BW available.
The Overlapping CBW from the Network and UE Perspective offers full UE utilization of the irregular BW, no ACS degradation and is the most spectrally efficient of the three methods.  The SU is 1.6% better than the Next Wider CBW method for the 180kHz raster when averaging CBWs 6 MHz through 19 MHz which is a small improvement [8].  The trade-off for the high performance of this method is a potential UE change requiring the UE to perform channel combination.  In addition, this method will require RAN1,2 check to assess possible impacts.  If these changes are acceptable, then this method will perform the best, however, the need of L1/L2 changes will result in a delayed commercialization of the technology
The Next Wider CBW method offers a compromise solution of reasonable SU, from both the Network and UE perspective with the minimum impact to RAN1, 2.  Of the three, the Next Wider CBW method requires the least changes to the RF BS and UE hardware.  The drawback to this method is the potential ACS degradation, which will be partially addressing herein. 
Observation 1:  Of the proposed methods for addressing support of efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths, the Next Wider CBW method is the simplest, requiring no changes to the RF hardware of the BS or UE.  The impact to RAN1,2 is minimal and the least of the three proposed solutions.
2 Discussion 
2.1	Potential ACS Reduction 
The potential reduction in ACS is the primary challenge to the Next Wider CBW method.  In a typical IQ RF/analog receiver (Figure 1c), channel filtering is achieved as a cumulative effort of many gain and filter stages.  The RF/analog stages preceding the ADC typically implement a lower number of poles, e.g., 5-8 whereas the cumulative digital filtering stages after the ADC implement a higher number of poles.  As a consequence, adjacent channel blockers are typically only partially filtered when entering the ADC.  Because the ADC has a limited ENOB, a strong blocker can degrade ADC dynamic range and add aliased noise and distortion to the in-band signal which and can’t be easily removed by the following digital filtering blocks.  In a typical UE, the analog filter chain is carefully budgeted to meet ACS for spec’d blocker scenarios (Figure 1a).  For the Next Wider CBW method, the effective analog BB filter is wider than the desired channel (Figure 1b) and will add some degradation in ACS.  In many cases the impact of this degradation may be small, yet future study is needed to fully quantify.
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Figure 1 (a) Blocker in the Adjacent Channel with Analog BB filter tuned to regular CBW, (b) Blocker in the Adjacent Channel with Analog BB filter tuned to next wider CBW (c) Typical Rx RF/Analog chain (single chain of IQ shown for simplicity).  Lower order filter precedes ADC, higher order filter follows ADC.
Observation 2: The ACS degradation due to potential blockers is a trade-off between simple implementation of the Next Wider CBW method and somewhat degraded performance.  Operators views on acceptability of this trade-off are encouraged.
[bookmark: _Hlk78386823]2.2	Signalling for Next Wider Channel BW method
For Next Wider Channel BW method, the signalling can be based on the existing framework and include several stages of signalling for the NW to setup the UE, an example of which are 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 [1,3].  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 and the NW performs random access procedure and RRC connection is established during several handshakes with the UE.  
At this point, the NW can proceed to setup the Next Wider Channel BW for the UE.  In this case, the NW will use SIB1 to signal to the UE how to setup the irregular BW for BWP#1.  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 will select 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 to locate the CC, set the filter to the next wider BW, and to know which PRBs to keep [9].

As an example, in Figure 2, the NW sets up a 7MHz Irregular BW 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).  
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Figure 2 – Example signalling for the NW setting up 7MHz Irregular BW in the center of the CBW, on a capable UE.
2.3	Improving the ACS Blocker Issue
When the network operator is aware of potential blockers that could degrade ACS performance, the UE is capable of offsetting it’s CC to utilize an off-centre portion of its PRBs for the desired spectrum.  This allows the UE’s existing filter to fully eliminate blocker energy on one side, as if the UE had a custom filter of the irregular BW on one side. For instance, the gNB may provide certain higher layer network assistance to the UE on the possible location of the blocker signal with respect to the UE CBW (e.g., inform that blocker signal is located the left or right side of the wanted signal spectrum).  
Proposal 1: In many cases, the NW is aware of certain blockers located adjacent to the left or right of the operator.  For these cases, the NW should provide assistance to the UE on the blocker location and UE can adjust the BWP PRBs to be left, right or centered within the UE Rx filter and utilize the existing capabilities of the UE Rx filter to eliminate ACS degradation due to these known blockers. 
As an example, in Figure 3, the NW sets up a 7MHz Irregular BW on a UE that reports its capabilities to include a 10MHz CBW.  In this case, the NW is aware of a potential blocker from another operator to the left of the desired channel.  The NW can inform UE on the blocker location and UE then can adjust its CC frequency center and RF filter to target the left PRBs with BWP#1. Point A remains unchanged.  The UE sets the PHY to keep the BWP#1 RBs (blue).
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Figure 3 – Example signalling for the NW setting up 7MHz IrregularBW with PRBs on the left of the CBW.
2.4		Spectral Utilization 
To precisely calculate the SU for each case, a simple simulation was written to follow the RB allocation described in TS38-101-1, section 5.3.  The simulation ensures that the CC’s are on raster and that the maximum number of RBs are fit within the left and right guard bands.
Table 1 summarizes the NRB and SU for each CBW ranging from 6 to 19MHz.  In some CBWs there is 1 RB less than the Overlapping CBW methods.  This is due to the larger GB required when using the 5MHz increment next larger filter.  This represents an average of 0.9% lower SU across the range of channels from 6 to 19MHz.  This trade-off is minor compared to the benefits of the Next Wider CBW method.
	CBW
(MHz)
	SCS
(kHz)
	CH1 BW
(MHz)
	GB 
(kHz)
	Number RBs Blanked
	BW of Blanked Region (MHz)
	Channel NRB
(#)
	SU 
(%)

	6
	15
	10
	312.5
	23
	4.14
	29
	87.0%

	7
	15
	10
	312.5
	17
	3.06
	35
	90.0%

	8
	15
	10
	312.5
	12
	2.16
	40
	90.0%

	9
	15
	10
	312.5
	6
	1.08
	46
	92.0%

	11
	15
	15
	382.5
	23
	4.14
	56
	91.6%

	12
	15
	15
	382.5
	17
	3.06
	62
	93.0%

	13
	15
	15
	382.5
	12
	2.16
	67
	92.8%

	14
	15
	15
	382.5
	6
	1.08
	73
	93.9%

	16
	15
	20
	452.5
	23
	4.14
	83
	93.4%

	17
	15
	20
	452.5
	17
	3.06
	89
	94.2%

	18
	15
	20
	452.5
	12
	2.16
	94
	94.0%

	19
	15
	20
	452.5
	6
	1.08
	100
	94.7%



Table 1 – Spectral Utilization values for the Next Wider CBW method



3	Conclusions
The Next Wider CBW method was presented as the optimal solution in for Irregular BW.  The method achieves good spectral utilization from both the NW and UE perspective and requires minimal changes of RF hardware or input from RAN1, 2.  
Observation 1:  Of the proposed methods for addressing support of efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths, the Next Wider CBW method is the simplest, requiring no changes to the RF hardware of the BS or UE.  The impact to RAN1,2 is minimal and the least of the three proposed solutions.
Observation 2: The ACS degradation due to potential blockers is a trade-off between simple implementation of the Next Wider CBW method and somewhat degraded performance.  Operators views on acceptability of this trade-off are encouraged.
Proposal 1: In many cases, the NW is aware of certain blockers located adjacent to the left or right of the operator.  For these cases, the NW should provide assistance to the UE on the blocker location and UE can adjust the BWP PRBs to be left, right or centered within the UE Rx filter and utilize the existing capabilities of the UE Rx filter to eliminate ACS degradation due to these known blockers. 
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