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1	Introduction 
In the previous RAN4 meetings, discussion has focused on the topics of the carrier RB grid, UE CHBW configuration and legacy behaviour related to channel raster [1].  
Different views have emerged as to when the cell’s carrier RB grid must be on raster, or the assigned UE channel bandwidth or both.  For channel bandwidths below 3GHz, most bands are required to use a 100kHz raster for RF channel placement which does not allow convenient alignment between RBs of 180kHz, 360kHz or higher.  If a cell, intended for multiple UEs, is defined with a certain carrier resource block grid, it is only possible to be aligned to both the carrier RB grid and the channel raster at least common multiples of the RB width and the channel raster (e.g., lcm(180,100) = 900kHz).  This reduces the feasible placement of UE channels, resulting in wasted spectrum from un-used RBs.  The 100kHz raster requirement also causes wasted RBs to form a gap in CA applications.  A further problem exists for 15kHz SCS, where cells defined with carrier bandwidth (CBW) using an odd number of RBs have no raster aligned locations for UE CHBW using an even number of RBs.  The complementary situation of cell defined even number of CBW RBs does not allow any raster aligned locations for UE CHBW using odd number of RBs.  Eliminating the need for UEs to be required to be on 100kHz raster would resolve these issues.
Yet, because there are already numerous legacy devices in the field, solutions to address these issues may or may not be agreeable if applied to Rel-15,16 or 17.  However, companies have agreed that it is possible to consider solutions for Rel-18.  The following agreement and discussion are included in the WF from RAN4 #105:[bookmark: _Hlk114839436]Agreement:
· At least for Rel-18, it is possible to consider further enhancements that the UE specific channel bandwidth and BWPs of FR1 low-frequency bands can be on non-100kHz raster.


2 Discussion
2.1 Discussion of Initial Access Procedure
To better illustrate the issues, we consider a simple example and describe the relevant steps that the network and UE take during initial access: 
1) BS advertises an SSB
· Within the MIB, the pdcch-ConfigSIB1 indicates the example CORESET0 of 5MHz with 15kHz SCS and a number of RB offset.  
· Also, within the MIB, the ssb-SubcarrierOffset indicates the offset Kssb between the SSB grid and the carrier RB grid. 
· The BS has no foreknowledge of the UEs CHBW capabilities and the MIB is common signaling.
2) The UE receives the SSB and 
· uses this information to set itself up to receive CORESET0.  The RBs of CORESET0 will be aligned to the carrier RB grid.  The left most RB location is known from the RB Offset given in the CORESET table using the index from pdcch-ConfigSIB1 and the SCS offset from Kssb.  
· For this example, the CORESET0 setup indicates the initial CHBW of 24RBs is to be used.
· Point A, and the size of the Carrier Resource Grid are unknown at this step, since SIB1 hasn’t been received, but this information is unnecessary to receive CORESET0.  This means that the UE can’t choose a CHBW filter the size of the carrier RB grid, since it is not aware of its size.
· Since the UE doesn’t know the size of the carrier RB grid the most logical CHBW filter to select is the one that matches the CORESET0 size, in this case, 5MHz.
3) The UE receives SIB1
· Within SIB1 within servingCellConfigCommon, is the offsetToPointA, carrierBandwidth and offsetToCarrier, which define PointA and the starting location and bandwidth of the carrier resource grid.
· Also, within SIB1 can be indication of the initial BWP that the UE is to use if different from that of the CORESET0.  However, the default is to just re-use the CORESET0 RB grid.
· At this point, the UE can keep its CHBW filter sized for the initial BWP, or it could select the CHBW of the entire carrier resource grid.  Yet the result of this choice is not signaled back to the network as there is no specification to do so.
4) During the RACH procedure, the UE communicates to the network its capabilities which include the CHBWs it is capable to support.
· Rel-18 UEs could communicate support for additional irregular BW features at this point if added
5) The UE enters RRC connected mode
· Legacy UEs, through dedicated signaling, can be set to any CHBW supported by the band as given in TS 38.101-1 table 5.3.5-1.  The network can choose to center the UE CHBW on 100kHz raster.
· Rel-18 UEs could be re-directed to utilize additional irregular BW features at this point if added
6) If after some time, the UE is no longer actively receiving or transmitting data, the UE enters RRC in-active mode
Based on this example initial access procedure, a number of observations can be made:
Observation 1: Since the tables for CORESET given in TS 38.213 section 13, have a limited number of RB Offset possibilities (e.g., 0,2,4,12…), and since these (in addition to Kssb) set the offset between the start of CORESET0 and the left edge of the SSB, then CORESET0 should be assumed to only be on an offset from the sync raster but and can’t reasonably be expected to be on the 100kHz channel raster.
Observation 2: Since the Initial BWP is assumed by default to take on the RB grid of the CORESET0 which is not on the 100kHz channel raster, it can’t be assumed that the Initial BWP is on the 100kHz channel raster.
Observation 3: During initial access, the first opportunity for a UE to be ensured to be on 100kHz channel raster is after entering RRC connected mode.  The UEs CHBW filter selection methodology for initial BWP is unspecified.
Proposal 1: For future releases, the spec should indicate that it is better for the UE to select the narrowest CHBW filter.  This will reduce power consumption and increase SNR when the UE is using the initial BWP for the time until the network changes the BWP or CHBW through dedicated signaling.
It can be seen in this example, that there is no need from a signaling, or initial access perspective for the UE CHBW to be placed on 100kHz raster.  However, if desired, the network can set the UE CHBW to be located on 100kHz raster.  The reasons for requiring a 100kHz raster were debated for Rel-15 in RAN4 #83, #84.  The initial reasons were to allow for RB symmetry around the carrier and the perceived advantage in co-existence with adjacent channels within legacy LTE bands.  Since that time, further spec changes have been made that ended the planned RB symmetry [2].  While there still may be situations where co-existence with LTE bands could favor a 100kHz channel raster, there are also many situations where this is not required.  This could be due to there not being any LTE bands operating nearby, or for because network doesn’t need this capability.  For Rel-18 and going forward, it would be better to allow the network the choice to: a) use 100kHz raster to place UEs on raster aligned CHBWs when needed; or  b)/ use an RB raster when feasible.  This would eliminate several of the spectral inefficiencies resulting from forcing all UEs onto 100kHz raster, as described in the introduction.
Observation 4: After entering RRC connected, the UE can be placed on 100kHz channel raster if the network chooses to set the UE CHBW filter to be located on raster through dedicated signaling.  Yet there is no need for this 100kHz raster other than spec compliance.
Proposal 2: For Rel-18 and going forward, it would be better to allow the network the choice to use 100kHz raster to place UEs on raster aligned CHBWs when needed and the flexibility to simply use an RB raster when feasible.
2.2 Response to Questions on issues addressing the severity of the impact of a legacy UE not on 100kHz raster
The WF [1] contained questions detailing different potential behaviours for legacy UEs if used in a network not on 100kHz raster:To issues 1-2-1, 1-2-2, 1-2-3 (by T-Mobile USA)
1. The UE crashes if the BWP/UE-specific channel BW is not on centered on the 100 kHz raster 
2. The UE rejects the BWP/UE-specific channel BW configuration because it is not on the 100 kHz raster 
3. The UE accepts the BWP/UE-specific channel BW configuration but operates incorrectly because the UE-specific channel BW is not on the 100 kHz raster
4. If the BWP/UE-specific channel BW is not on the 100 kHz raster, the UE configures its RF on the on the closest position on the 100 kHz raster, so there is not enough guard band on one side or the other, so performance or emissions requirements may not be met. 
5. The UE correctly configures the RF based on the BWPs and UE-specific channel BW even though it is not centered on the 100 kHz raster, so emissions and performance are met, although not tested.
Chair: In Rel-15/16/17, consider restrict the scenarios to one or two specific bands and address the issues. In Rel-18, RAN4 can discuss the general solutions.


In our view, the vast majority of legacy UEs will behave according to case #5, “The UE correctly configures the RF based on the BWPs and UE-specific channel BW even though it is not centered on the 100 kHz raster, so emissions and performance are met, although not tested.”  This is because a majority of the UEs will simply follow the dedicated signalling that sets up UE CHBW by communicating a channel bandwidth and offset from Point A, given as an integer number of RBs.  
Yet even though nearly all UEs may comply to case #5, it is conceivable that a small portion of UEs might have unknown behaviour such as software that calculates if the CHBW is on a raster frequency and then the situation, described in case #2 or #3 could occur.  Case #4 should not occur, since the network is aware of the BWP it has assigned to the UE and should avoid assigning any BWP so close to the band edge as to cause emissions requirements to fail.
2.3 Response to Questionnaire from WF on Legacy UE behaviors
Utilizing the discussion of the initial access procedure from section 2.1, the UE behaviour survey is addressed based on how we understand the standard to work.  Thus, we address how we understand the network to configure the UE in the following situations.
Table 1 Questionnaire on legacy UE behaviours
	For legacy UEs, what must be (centered) on the channel raster (in the case of a carrierBandwidth or a transmission bandwidth in the sense of TS 38.101-1 table 5.4.2.2-1)?
	Intel Corp
	Company B

	1.  Idle mode (scs-SpecificCarrierList in SIB1)
	
	

	1.1 Nothing (if sync raster related restrictions are considered)
	
	

	1.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList [1]
	
	

	1.3 The carrierBandwidth* for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports [2]
* The carrierBandwidth in SCS-SpecificCarrier and its position (offsetToCarrier, see TS 38.331) correspond to the resource grid (see TS 38.211).
	
	

	1.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration [3]
	X
	

	1.5 As 1.3, but for the numerology containing the SSB
	
	

	1.6 As 1.4, but for the numerology containing the SSB
	
	

	1.7 The combination of all numerologies' transmission BWs [4]
	
	

	1.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the initial BWP
[5]
	
	

	1.9 Something else:
	
	


[1] Example in figure 1, arrow “10 MHz channel BW”
[2] Example in figure 1, arrow “1st transmission BW (and 1st resource grid)”
[3] Example in figure 3, arrow “carrierBandwidth 30 RBs, 15 kHz SCS”
[4] Example in figure 1, arrow “combination of all transmission BWs”
[5] Example in figure 2, arrow “5 MHz channel BW of a legacy UE”

For question 1, in idle mode, 1.4 makes the most sense.  After SIB1 is received, the UE is still not yet in RRC connected mode, but the carrier resource grid has been signalled.  The network is unaware of the UE capabilities at this point, so 1.3 doesn’t make sense.  
	2.  Connected mode without UE specific channel BW
	
	

	2.1 Nothing (if sync raster related restrictions are considered)
	
	

	2.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList
	
	

	2.3 The carrierBandwidth for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports
	
	

	2.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration
	X
	

	2.5 As 2.3, but for the numerology containing the active BWP
	
	

	2.6 As 2.4, but for the numerology containing the active BWP
	
	

	2.7 The combination of all numerologies' transmission BWs
	
	

	2.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the active BWP
	
	

	2.9 Something else:
	
	


For question 2, the carrier RB grid indicated by the BS carrierBandwidth remains on raster.  Since no dedicated signalling has occurred, 2.2 is not feasible.
	3.  Connected mode with UE specific channel BW (carrierBandwidth and transmission BW in this section of the table refer to the signaling in downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List)
	
	

	3.1 Nothing (if sync raster related restrictions are considered)
	
	

	3.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from
downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List
	X
	

	3.3 The carrierBandwidth for at least one numerology
	X
	

	3.4 The carrierBandwidth for the numerology containing the active BWP
	
	

	3.5 The combination of all numerologies' transmission BWs
	
	

	3.6 The UE's channel filter position where the minimum guard band (according to TS 38.101-1 table 5.3.3-1) on either side of the transmission BW must be fulfilled
	
	

	3.7 The UE's channel filter position with NR's usual subcarrier asymmetry, i.e. the guard band at the upper edge of the UE's channel filter must be 1 SCS wider than the guard band at the lower edge
	
	

	3.8 Something else:
	
	


For question 3, since dedicated signalling is used in connected mode, the network can signal a UE specific CHBW that is on raster.  Also, the cell’s carrier RB grid remains on raster.
	If you think that some UE specific channel bandwidth must be centered on the 100 kHz channel raster in corresponding bands, what do you expect to happen if the network ignores this need?
	
	

	4.1 The UE crashes.
	
	

	4.2 The UE rejects the UE specific channel BW configuration.
	
	

	4.3 The UE accepts the UE specific channel BW configuration but operates incorrectly.
	
	

	4.4 The UE configures its RF on the closest position to the 100 kHz raster. If there is not enough guard band on one side or the other, performance or emissions requirements may not be met.
	
	

	4.5 The UE is assumed to correctly configure the RF based on the UE specific channel BW, so emissions and performance are probably met, but not tested.
	X
	

	4.6 Something else:
	
	


For question 4, the UE emissions are only tested in a few locations.  So, most of the time a UE is operating, it is operating at frequency positions that are not tested.
	When do legacy UEs need or not need the signaling of a UE specific channel BW for operating in connected mode?
	
	

	5.1 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology
	
	

	5.2 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1
	
	

	5.3 Not needed if 
· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology and
· the network does not command any other BWP than the initial BWP
	
	

	5.4 Not needed if 
· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1 and
· the network does not command any other BWP than the initial BWP
	X
	

	5.5 Needed whenever the carrierBandwidth in SIB1 is not a max. transmission BW configuration that the UE supports (in the frequency band in question)
	
	

	5.6 Always needed
	
	

	5.7 Something else:
	
	


Question 5 is difficult to answer definitively.  In general, the selection of the UE CHBW filter size and location are left up to the UE implementation and the UE can determine what is required based on the active BWP.  Yet there are some situations when the network may want to specify a specific filter.

2.4 Response to Questionnaire from WF on Future enhanced UE behaviors
	For UEs of future releases, what should be (centered) on the channel raster (in the case of a carrierBandwidth or a transmission bandwidth in the sense of TS 38.101-1 table 5.4.2.2-1)?
	Intel
	Company B

	1.  Idle mode (scs-SpecificCarrierList in SIB1)
	
	

	1.1 Nothing (if sync raster related restrictions are considered)
	
	

	1.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList [1]
	
	

	1.3 The carrierBandwidth* for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports [2]
* The carrierBandwidth in SCS-SpecificCarrier and its position (offsetToCarrier, see TS 38.331) correspond to the resource grid (see TS 38.211).
	
	

	1.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration [3]
	X
	

	1.5 As 1.3, but for the numerology containing the SSB
	
	

	1.6 As 1.4, but for the numerology containing the SSB
	
	

	1.7 The combination of all numerologies' transmission BWs [4]
	
	

	1.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the initial BWP
[5]
	
	

	1.9 Something else:
	
	



	2.  Connected mode without UE specific channel BW
	
	

	2.1 Nothing (if sync raster related restrictions are considered)
	
	

	2.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from the scs-SpecificCarrierList
	
	

	2.3 The carrierBandwidth for at least one numerology if it is a maximum transmission BW configuration (in the sense of TS 38.101-1 subclause 5.3.2) that the UE supports
	
	

	2.4 The carrierBandwidth for at least one numerology irrespective of whether it is a supported maximum transmission BW configuration
	X
	

	2.5 As 2.3, but for the numerology containing the active BWP
	
	

	2.6 As 2.4, but for the numerology containing the active BWP
	
	

	2.7 The combination of all numerologies' transmission BWs
	
	

	2.8 The channel BW in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 that the UE chooses based on
- the scs-SpecificCarrierList and
- the active BWP
	
	

	2.9 Something else:
	
	



	3.  Connected mode with UE specific channel BW (carrierBandwidth and transmission BW in this section of the table refer to the signaling in downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List)
	
	

	3.1 Nothing (if sync raster related restrictions are considered)
	
	

	3.2 The channel BW in the sense of TS 38.101-1 figure 5.3.3-3 resulting from
downlinkChannelBW-PerSCS-List, uplinkChannelBW-PerSCS-List
	
	

	3.3 The carrierBandwidth for at least one numerology
	X
	

	3.4 The carrierBandwidth for the numerology containing the active BWP
	
	

	3.5 The combination of all numerologies' transmission BWs
	
	

	3.6 The UE's channel filter position where the minimum guard band (according to TS 38.101-1 table 5.3.3-1) on either side of the transmission BW must be fulfilled
	
	

	3.7 The UE's channel filter position with NR's usual subcarrier asymmetry, i.e., the guard band at the upper edge of the UE's channel filter must be 1 SCS wider than the guard band at the lower edge
	
	

	3.8 Something else:
	
	






	Based on the signaling in SIB1, what channel BWs should UEs of future releases choose?
	
	

	4.1 As currently, any of its supported channel BWs that TS 38.331 (subclause 5.2.2.4.2) allows
	
	

	4.2 The narrowest supported combination of UL and DL channel BWs that TS 38.331 allows
	X
	

	4.3 The widest supported combination of UL and DL channel BWs that TS 38.331 allows
	
	

	4.4 Something else:
	
	



	When should UEs of future releases need or not need the signaling of a UE specific channel BW for operating in connected mode?
	
	

	5.1 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology
	
	

	5.2 Not needed if the UE supports a max. transmission BW configuration (for the frequency band in question) that is at least as wide as the active BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1
	
	

	5.3 Not needed if 
· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the carrierBandwidth in SIB1 for the active BWP's numerology and
· the network does not command any other BWP than the initial BWP
	
	

	5.4 Not needed if 
· the UE supports a max. transmission BW configuration (in the frequency band in question) that is at least as wide as the initial BWP and at most as wide as the combined transmission bandwidth from scs-SpecificCarrierList in SIB1 and
· the network does not command any other BWP than the initial BWP
	X
	

	5.5 Needed whenever the carrierBandwidth in SIB1 is not a max. transmission BW configuration that the UE supports (in the frequency band in question)
	
	

	5.6 Always needed
	
	

	5.7 Something else:
	
	



3	Conclusions
In summary, this paper discussed the initial access procedure, indicating when the UE is signalled to have BWP, and CHBW locations, and when these can be known to be on raster.
Observation 1: Since the tables for CORESET given in TS 38.213 section 13, have a limited number of RB Offset possibilities (e.g., 0,2,4,12…), and since these (in addition to Kssb) set the offset between the start of CORESET0 and the left edge of the SSB, then CORESET0 should be assumed to only be on an offset from the sync raster but and can’t reasonably be expected to be on the 100kHz channel raster.
Observation 2: Since the Initial BWP is assumed by default to take on the RB grid of the CORESET0 which is not on the 100kHz channel raster, it can’t be assumed that the Initial BWP is on the 100kHz channel raster.
Observation 3: During initial access, the first opportunity for a UE to be ensured to be on 100kHz channel raster is after entering RRC connected mode.  The UEs CHBW filter selection methodology for initial BWP is unspecified.
Proposal 1: For future releases, the spec should indicate that it is better for the UE to select the narrowest CHBW filter.  This will reduce power consumption and increase SNR when the UE is using the initial BWP for the time until the network changes the BWP or CHBW through dedicated signaling.
Observation 4: After entering RRC connected, the UE can be placed on 100kHz channel raster if the network chooses to set the UE CHBW filter to be located on raster through dedicated signaling.  Yet there is no need for this 100kHz raster other than spec compliance.
Proposal 2: For Rel-18 and going forward, it would be better to allow the network the choice to use 100kHz raster to place UEs on raster aligned CHBWs when needed and the flexibility to simply use an RB raster in when feasible.
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