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1	Introduction 
In this contribution we continue the discussion comparing techniques to achieve efficient spectrum utilization for irregular channel bandwidths.  In the previous WF, four approaches were selected, with potential to achieve the competing requirements of enabling NR operation for irregular channel bandwidths while meeting key goals of:
· 1 or more CCs aligning to 100kHz raster
· Straightforward SSB implementation for all CC’s
· Spectrum Utilization > 90%
· Zero, or minimum change to ACLR/ACS
· Requiring no new or special SEM
An overall goal is for a ubiquitous solution allowing future irregular CBW to function without need for special definitions.
1.1 Summary of the Four WF methods
In the WF, four methods were proposed with many solid arguments.  For the purpose of this comparison, we extract the key differentiators which impact SU.  
· Overlapping CA (two cells) [1] R4-2106486
· Proposes overlapping 2 CC solution with a single common SSB most cases, two separate SSBs for narrow CBW cases.
· Proposes aligning both CCs to a 100kHz raster.
· Proposes No-RB alignment 
· Combined UE CBW (one cell) [2] R4-2107040
· Proposes overlapping 2 CC solution with a single common SSB.
· Proposes offsetting 2d CC and not aligning to 100kHz raster
· Proposes RB alignment 
· Overlapping UE CBW (one cell) 
· [3] R4-2106689, 
· Proposes overlapping CCs only for CBW > 10MHz
· [4] R4-2104887
· Proposes overlapping 2 CC solution on 900kHz raster
· WiderCBW (one cell) [5] R4-2104587
· Proposes to use the Next Larger CBW w/ blanking approach
We will focus our comparison to sub-topics of raster and RB alignment within each of the four methods.  The decision of 2 CC on the base-station vs UE, RF vs BB is not addressed as it is independent of the issues of raster and RB alignment.
2	Discussion 
2.1	Feasibility of approaches 
The overlapping carrier approach is a strong candidate for addressing any irregular CBW > 10MHz.  By utilizing distinct separate TX and RX filters for the CC1 BW and the CC2 BW, this approach can be implemented with existing CA compliant hardware with no degradation in ACLR or ACS and good SU.  The flexibility of this approach allows any irregular CBW to be used.  For all CBW > 10MHz, the minimum overlap always exceeds 5MHz, so there is sufficient overlap that the SSB can remain on sync raster while fitting into the RB overlap region.  This allows UE1 and UE2 to address the same SSB block and common resources like CoreSet0 within the overlap region.
Observation 1: For all CBW > 10MHz, the minimum overlap always exceeds 5MHz, so there is sufficient overlap for the SSB on any Sync raster and CoreSet0.
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Figure 1 – Example of Overlapping Channels for 13MHz Irregular CBW.  For different NR channels, the SSBs on Sync raster fall in different relative locations to the left band edge, yet fit within the RB overlap region.
There is a need to address the issue of power combining in the overlap region.  In the air, the power from CC1 BW and CC2 BW will combine for a 3dB increase.  The base-station could simply correct this before transmission.  
Observation 2: It is worth noting that the Overlapping carrier approach for CBW > 10MHz, can be implemented with no hardware changes to existing NR compliant UEs.
For CBW < 10MHz, the Overlapping carrier approach is no longer the best solution.  The problem is that when considering all of the possible SSBs locations on Sync raster, up to 4.8Mhz of overlap BW is required. For CBW < 10Mhz this does not exist.  An alternate solution being discussed is to stagger SSBs in time, with one dedicated to CC1 BW and the other to CC2 BW.  However, this would require significant changes to the current SSB schemte and is not a preferred solution.  
The best solution for CBW < 10MHz is the Next Larger CBW w/ Blanking (WiderCBW).  This approach utilizes a single carrier with filter BW set to the next larger CBW, ie. 10MHz for CBW < 10MHz.  This approach always has enough RBs to support any combination of SSB on Sync raster.  The drawback of this method is that the Tx and Rx channel filters are set for the next large CBW and can not protect the more narrow BW.  This will inevitably lead to some ACLR, ACS degradation.  
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Figure 2 – Example of Next Larger CBW w/ Blanking for 6MHz Irregular CBW.  For different NR channels, the SSBs on Sync raster fall in different relative locations, yet fit within the central 5MHz BW enabling fallback to legacy mode when necessary.
ACLR degration after blanking will need to be studied and can be addressed by MPR, AMPR.  When operating next to a strong blocker the ACS reduction may be problematic.  In this case, the network will need to utilize “fallback” mode to switch to the legacy CBW.  The “fallback” mode will be able to utilize the optimal CBW filters and ensure max range and good near-far operation.  Since the SSB blocks are located near the center of the CBW and are on Sync raster, their location will not change when toggling between WiderCBW mode and Legacy mode.
2.2	Comparing SU between approaches 
Improving SU is the motivating metric for addressing irregular channel bandwidths, it is worthwhile to compare each of the proposed methodologies side-by-side.  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.
Figure 1 summarizes the results for SU for each of the methodologies.  The number of RB, channel spacing, guard band, and SU discussed more thoroughly in ensuing sections table 2.3 – 2.6. 
Key take-aways from Figure 1:  
· All of the proposed methods add significant improvement in SU compared to the Legacy mode.
· The most efficient methods are RB aligned
· The 100kHz 2CC method and the RB, 100kHz 2CC method are nearly as efficient as the RB aligned method, within 1.4% for all CBW greater than 11MHz. 
With consideration of this data, SU is sufficient for all the evaluated methods, and secondary factors should be used to determine the best solution
Observation 3:  All of the proposed methods represent a significant SU improvement compared to Legacy mode SU and the difference is small.  Other factors such as hardware feasiblity should take precedent over optimizing the last 0.5% SU.
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Figure 3 Comparison of SU for different approaches
2.3	Overlapping channels, RB alignment and 100kHz alignment (900kHz Raster)
The method with the most straightforward hardware implementation is to use Overlapping channels with RB alignment and 100kHz carrier raster.  For 15kHz SCS, this becomes equivalent to 900kHz Raster between the CC’s [4].  The CC1 BW and the CC2 BW will be addressed by the OffsetToPointA and Kssb.  OffsetToPointA will be different for CC1 BW and the CC2 BW.  Kssb will be the same since the two CCs are RB aligned.  Since each UE can access the same SSB and CoreSet0 information, this method is the most straightforward to implement, and should not require any additional signalling from RAN1 or RAN2.  
The SU for this method is on average 1.2% less than the highest 180kHz raster case, yet this is a good trade-off considering the simplified signalling requirements that will work will legacy hardware.
This method has no degredation of ACLR over the standard channel CBWs since the narrow BB filters from the smaller CBW are used to emliminate out of band energy.
For the cases of 6,7,8, and 9MHz CBW, the RB overlap is less than required for the SSB so this method may be require coexistance with another method such as the WiderCBW method.
	CBW
(MHz)
	SCS
(kHz)
	CH1 BW
(MHz)
	CH2 BW
(MHz)
	GB 
(kHz)
	Ch Spacing (MHz)
	RB Overlap
	Channel NRB
(#)
	SU 
(%)

	6
	15
	5
	5
	242.5
	0.9
	20
	30
	90.0%

	7
	15
	5
	5
	242.5
	1.8
	15
	35
	90.0%

	8
	15
	5
	5
	242.5
	2.7
	10
	40
	90.0%

	9
	15
	5
	5
	242.5
	3.6
	5
	45
	90.0%

	11
	15
	10
	10
	312.5
	0.9
	47
	57
	93.3%

	12
	15
	10
	10
	312.5
	1.8
	42
	62
	93.0%

	13
	15
	10
	10
	312.5
	2.7
	37
	67
	92.8%

	14
	15
	10
	10
	312.5
	3.6
	32
	72
	92.6%

	16
	15
	15
	15
	382.5
	0.9
	74
	84
	94.5%

	17
	15
	15
	15
	382.5
	1.8
	69
	89
	94.2%

	18
	15
	15
	15
	382.5
	2.7
	64
	94
	94.0%

	19
	15
	15
	15
	382.5
	3.6
	59
	99
	93.8%


2.4	Overlapping Channels with RB alignment (180kHz Raster)
The highest SU comes from the method using 2CC’s with RB alignment and no forced raster between them (180kHz effective raster) [2].  Although the two CC’s are RB aligned, it remains FFS if both CC’s can be resolved from a common SSB block on Sync Raster for all possible Ch spacings or if the 100kHz raster for CCs is required.  Alternatively, there could be a new type of network signaling to communicate the SSB information to the CC not on 100kHz raster, but this is not a preferred approach.

	CBW
(MHz)
	SCS
(kHz)
	CH1 BW
(MHz)
	CH2 BW
(MHz)
	GB 
(kHz)
	Ch Spacing (MHz)
	RB Overlap
	Channel NRB
(#)
	SU 
(%)

	6
	15
	5
	5
	242.5
	0.90
	20
	30
	90.0%

	7
	15
	5
	5
	242.5
	1.98
	14
	36
	92.6%

	8
	15
	5
	5
	242.5
	2.88
	9
	41
	92.3%

	9
	15
	5
	5
	242.5
	3.96
	3
	47
	94.0%

	11
	15
	10
	10
	312.5
	0.90
	47
	57
	93.3%

	12
	15
	10
	10
	312.5
	1.98
	41
	63
	94.5%

	13
	15
	10
	10
	312.5
	2.88
	36
	68
	94.2%

	14
	15
	10
	10
	312.5
	3.96
	30
	74
	95.1%

	16
	15
	15
	15
	382.5
	0.90
	74
	84
	94.5%

	17
	15
	15
	15
	382.5
	1.98
	68
	90
	95.3%

	18
	15
	15
	15
	382.5
	2.88
	63
	95
	95.0%

	19
	15
	15
	15
	382.5
	3.96
	57
	101
	95.7%



This method should require no degredation of ACLR over the standard channel CBWs since the narrow BB filters from the smaller CBW are used to emliminate out of band energy.
For the cases of 6,7,8, and 9MHz CBW, the RB overlap is less than required for the SSB so this method would also require coexistance with another method such as the WiderCBW method.  


2.5	Overlapping channels, No-RB alignment and 100kHz alignment (300kHz Raster)
Another proposed method utilizes 2CC’s with 100kHz raster alignment but does not require RB alignment.  This effectively becomes 300kHz raster between the CC’s.  The provides a small advantage in SU, 0.6% on average between CBWs in the table.  Although the 2CCs are on a 100kHz raster, they are not RB aligned.  The two UE’s do share common SCS spacing, but there is a SC counting gap between the RBs.  
Since the SU improvement is small (0.6% SU) compared to the RB aligned case, this method is likely not worth pursuing. 
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Figure 4 – (Top)  Example of Overlapping Channels with RB alignment.  In this case, both CC1 BW and CC2 BW can utilize the overlapping RBs.
(Bottom) Example of the Overlapping Channels without RB alignment.  In this case, there is a partial RB gap between the to CC BWs and there is no overlap region for common RB sharing.  This is not a preferred solution

Observation 4: It is better to pursue solutions with RB-alignment between the two CCs since the SU benefit of No-RB alignment is minimal, 0.6% on average.
This method should require no degredation of ACLR over the standard channel CBWs since the narrow BB filters from the smaller CBW are used to emliminate out of band energy.
	CBW
(MHz)
	SCS
(kHz)
	CH1 BW
(MHz)
	CH2 BW
(MHz)
	GB 
(kHz)
	Ch Spacing (MHz)
	RB Overlap
	Gap 
Width
(kHz)
	Channel NRB
(#)
	SU 
(%)

	6
	15
	5
	5
	242.5
	0.9
	20.0
	0
	30
	90.0%

	7
	15
	5
	5
	242.5
	1.8
	15.0
	0
	35
	90.0%

	8
	15
	5
	5
	242.5
	3.0
	8.3
	300
	41
	92.3%

	9
	15
	5
	5
	242.5
	3.9
	3.3
	300
	46
	92.0%

	11
	15
	10
	10
	312.5
	0.9
	47.0
	0
	57
	93.3%

	12
	15
	10
	10
	312.5
	1.8
	40.0
	0
	62
	93.0%

	13
	15
	10
	10
	312.5
	3.0
	35.3
	300
	68
	94.2%

	14
	15
	10
	10
	312.5
	3.9
	30.3
	300
	73
	93.9%

	16
	15
	15
	15
	382.5
	0.9
	74.0
	0
	84
	94.5%

	17
	15
	15
	15
	382.5
	1.8
	69.0
	0
	89
	94.2%

	18
	15
	15
	15
	382.5
	3.0
	62.3
	300
	95
	95.0%

	19
	15
	15
	15
	382.5
	3.9
	57.3
	300
	100
	94.7%



2.6	Next Larger CBW w/ Blanking (WiderCBW)
The method that works best for CBW < 10MHz is the Single CC, Next Larger CBW method w/ Blanking.  Since this method uses only a single CC, so there are no issues w/ SSB, CoreSet0 sharing.  
The primary drawback to this method is degraded ACLR / ACS performance which the Overlapping carrier methods do not have.  Several MHz of unprotected BW exist due to the blanking which the filters do not cover.  If an adjacent channel interferer is located next to the irregular CBW.  It will pass through at least part of the UE BB filter degrading performance. 
An SU drawback to this method, is because the next larger CBW is used, a larger GB is required resulting in 1 less RB being filled.  Thus the SU is lower than many other methods, yet the difference is minor at 1.2% on average.

	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
	10
	382.5
	23
	4.14
	56
	91.6%

	12
	15
	10
	382.5
	17
	3.06
	62
	93.0%

	13
	15
	10
	382.5
	12
	2.16
	67
	92.8%

	14
	15
	10
	382.5
	6
	1.08
	73
	93.9%

	16
	15
	15
	452.5
	23
	4.14
	83
	93.4%

	17
	15
	15
	452.5
	17
	3.06
	89
	94.2%

	18
	15
	15
	452.5
	12
	2.16
	94
	94.0%

	19
	15
	15
	452.5
	6
	1.08
	100
	94.7%







3	Conclusions
Several methods of Overlapping Carrier and Next Larger CBW were considered comparing SU for a wide range of current and potential future CBW.

	Irregular BW Approach
	Average SU 11-19MHz
	Pros / Cons

	Overlapping Carrier
RB Alignment &
100kHz Carrier raster

	93.5%
	+Works with existing hardware
+No new signaling required
+SSBs on Sync Raster fit for all CBW > 10MHz

	Overlapping Carrier
RB Alignment Only
No Carrier Raster
	94.7%
	+CC1 BW and CC2 BW are SC aligned
- Carriers not aligned to 100kHz may require additional control signaling

	Overlapping Carrier
100kHz Carrier raster
No-RB Alignment
	94.1%
	- CC1 BW and CC2 BW can’t share common RBs
- fractional RB gap

	WiderCBW
Next Larger Channel w/ Blanking
	93.5%
	+Works well for CBW < 10MHz
- Some degradation of ACLR / ACS



Observation 1: For all CBW > 10MHz, the minimum overlap always exceeds 5MHz, so there is sufficient overlap for the SSB on any Sync raster and CoreSet0.
Observation 2: It is worth noting that the Overlapping carrier approach for CBW > 10MHz, can be implemented with no hardware changes to existing NR compliant UEs.
Observation 3:  All of the proposed methods represent a significant SU improvement compared to Legacy mode SU and the difference is small.  Other factors such as hardware feasiblity should take precedent over optimizing the last 1% SU.
Observation 4: It is better to pursue solutions with RB-alignment between the two CCs since the SU benefit of No-RB alignment is minimal, 0.6% on average.
Proposal 1:  Utilize the Overlapping carrier methods with RB-alignment and 100kHz raster alignment between the two carriers for new irregular CBW > 10MHz.
Proposal 2: Use the WiderCBW method for irregular CBW < 10MHz.
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