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1. Introduction
[bookmark: OLE_LINK13]In RAN4#105, a questionnaire was agreed on the studies of irregular channel bandwidth [1], with a hope to help the discussion out from the current stalemate with regards to legacy UE behaviors and potential improvement. Three scenarios are shown as examples of interests:
· Scenario 1 where a carrier consists of multiple non-overlapping blocks with different numerologies.
[image: ]
· Scenario 2 where the initial BWP is aligned with 100k channel raster but the whole irregular channel bandwidth is not on 100k channel raster.
[image: ]
· Scenario 3 where the irregular channel bandwidth is on 100k channel raster, but not the initial BWP.
[image: ]
2. Discussion on legacy UE behaviors
In RAN1/2 specs, the placement of one carrier is indicated with a point of the lowest subcarrier of the lowest PRB, and it is not the same as RAN4 where the center frequency is used instead. Moreover, RAN1/2 introduces a concept of resource grid for each numerology via the IE “carrierBandwidth” and its value denoted as  could be any in unit of a PRB [3].
While in RAN4 a concept of “maximum transmission bandwidth configuration”, denoted as “NRB”, for each numerology is utilized in their specifications and a predefined value, is specified for each combination of channel bandwidth and numerology [2]. 
	[image: ]


Obviously when “carrierBandwidth” is equal to a predefined “maximum transmission bandwidth configuration” value, then the resource grid is identical to the maximum transmission bandwidth configuration.
The mapping of a channel raster to an RE is specified as following by using NRB introduced in RAN4 but referring to RAN1 specs which originally should be  according to the context:
	
[bookmark: _Toc21344211][bookmark: _Toc29801695][bookmark: _Toc29802119][bookmark: _Toc29802744][bookmark: _Toc36107486][bookmark: _Toc37251245][bookmark: _Toc45888034][bookmark: _Toc45888633][bookmark: _Toc61367273][bookmark: _Toc61372656][bookmark: _Toc68230596][bookmark: _Toc69084009][bookmark: _Toc75467016][bookmark: _Toc76509038][bookmark: _Toc76718028][bookmark: _Toc83580338][bookmark: _Toc84404847][bookmark: _Toc84413456]5.4.2.2	Channel raster to resource element mapping
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.
Table 5.4.2.2-1: Channel raster to resource element mapping
	

	NRBmod2 = 0
	 NRBmod2 = 1

	
Resource element index 
	0
	6

	
Physical resource block number 
	

	





, nPRB, NRB are as defined in TS 38.211[6].




Note that there is no NRB defined in TS 38.311.
This discrepancy between RAN1/2 and RAN4 specs causes confusion thus different understandings might exist in legacy UEs:
(1) Understanding #1: Correcting the reference of NRB as RAN4 specs, not to TS 38.211, and it means maximum transmission bandwidth configuration, thus only when the number of PRBs is equal to the predefined maximum transmission bandwidth configuration, a channel raster is required to be mapped to the designated RE.
(2) Understanding #2: Correcting the mapping by using  instead of NRB, then it means that the center of resource grid should be mapped to a channel raster point. 
Observation: The term NRB in specifying the mapping between a channel raster point and a designated RE is either incorrectly used or incorrectly referred, which leads to two different understandings.
We tend to agree on Understanding #2, thus our answers to the questionnaire on UE legacy behaviors are shown below:
	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)?
	MediaTek

	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).
	X

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

	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
	X

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

	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:
	

	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:
	

	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
	X

	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
	

	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)
	X

	5.6 Always needed
	

	5.7 Something else:
	




3. Discussion on potential enhancements
Accordingly, our answers to the second table on potential enhancements for future releases are illustrated below: 
Table 2 Questionnaire on the desired UE behaviors of future releases
	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)?
	MediaTek

	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).
	X

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

	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
	X

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

	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)
	X

	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
	

	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:
	may require a new UE capability

	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
	X

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

	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
	X

	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
	

	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:
	May require a new UE capability
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  5.3.2   Maximum  transmission bandwidth configuration   The maximum transmission bandwidth configuration  N RB   for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2 - 1.   Table 5.3.2 - 1: Maximum transmission bandwidth configuration N RB    

SCS  (kHz)  5   MHz  10   MHz  15   MHz  20   MHz  25   MHz  30   MHz  35   MHz  40    MHz  45   MHz  50   MHz  60   MHz  70   MHz  80   MHz  90   MHz  100   MHz  

 N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  N RB  

15  25  52  79  106  133  160  188  216  242  270  N/A  N/A  N/A  N/A  N/A  

30  11  24  38  51  65  78  92  106  119  133  162  189  217  245  273  

60  N/A  11  18  24  31  38  44  51  58  65  79  93  107  121  135  
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