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1. Introduction
[bookmark: OLE_LINK1]Since the study item “Study on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths” was agreed, there was extended several times and intensive discussions were conducted in RAN4, and companies could align fundamental understandings on SIB1 signaling and CBW configuration. But there are still quite divergent views on whether SIB1 carrier bandwidth and UE specific channel bandwidth are on the 100 kHz raster. With the detailed questionnaires in [1], the consensus is expected. Thus, in this contribution, we focus on the discussion on the questionnaires.
2. Discussion
2.1. SIB1 carrier bandwidth
The IEs in SIB1 including SIB1 carrier bandwidth, initial BWPs etc is simply illustrated in Figure 1.
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Figure 1: Information elements from SIB1
According to the agreements reached during RAN 97 meeting [2], SIB1 carrier bandwidth corresponds to BS transmit bandwidth configurations, which is not mandated to be the maximum BS transmission bandwidth configuration specified in TS38.104 and can be any values in number of PRBs that no larger than 275 PRBs, which means SIB1 channel bandwidth is a part of BS channel bandwidth. 
As stated in [3], the purpose of SIB1 carrier bandwidth is to set an upper limit for the UE selected specific channel bandwidth during the initial access, which is shown in Figure 2. Thus UE does not have to support it.
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Figure 2: UE specific channel bandwidth during initial access
The SCS-SpecificCarrier message structure can be seen as following. 
-- ASN1START
-- TAG-SCS-SPECIFICCARRIER-START

SCS-SpecificCarrier ::=             SEQUENCE {
    offsetToCarrier                     INTEGER (0..2199),
    subcarrierSpacing                   SubcarrierSpacing,
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),
    ...,
    [[
    txDirectCurrentLocation         INTEGER (0..4095)                                       OPTIONAL            -- Need S
    ]]
}

-- TAG-SCS-SPECIFICCARRIER-STOP
-- ASN1STOP
With regard to whether SIB1 carrier bandwidth is on the 100 kHz raster, we can refer to the descriptions of channel raster to resource element mapping in RAN4 specification, which is the only thing that specify the relationship between bandwidth and channel raster. The descriptions are shown below:
	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].


Above contents specify the mapping between the maximum transmission configuration NRB and channel raster, which means the center of the maximum transmission bandwidth configuration must be on the channel raster. And the mapping must apply to at least one numerology supported by the UE.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Observation 1: The maximum transmission bandwidth configuration must be on the channel raster, which must apply to at least one numerology supported by the UE.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK14][bookmark: OLE_LINK15]As aforementioned, SIB1 channel bandwidth is part of BS channel bandwidth, which is not mandate to be the maximum BS transmission bandwidth. But if SIB1 channel bandwidth is maximum BS transmission bandwidth, then SIB1 channel bandwidth apply to at least one numerology supported by a UE must be on the channel raster.In addition, during initial access, a UE acquires time and frequency synchronization with the serving cell through the reception of SSB. In order to establish synchronization quickly, SIB1 carrier bandwidth for the numerology containing the SSB needs to be on the channel raster.
[bookmark: OLE_LINK18]Proposal 1: For the cases of SIB1 carrier bandwidth is maximum transmission BW configuration or SIB1 carrier bandwidth contains the SSB, SIB1 carrier bandwidth for at least one numerology that the UE supports needs to be on the channel raster. Otherwise, SIB1 carrier bandwidth does not need to be on the channel raster.
[bookmark: OLE_LINK13]The channel bandwidth in the sense of TS 38.101-1 figure 5.3.3-2 or 5.3.3‑3 shown below includes guard band which differs from the maximum transmission bandwidth configuration, how UE choose the channel bandwidth based on scs-SpecificCarrierList and the initial BWP. So it does not need to be on the channel raster.
[image: ][image: ]
Figure 3: TS 38.101-1 figure 5.3.3-2 and 5.3.3‑3
Observation 2: The channel bandwidth does not need to be on the channel raster.
2.2. [bookmark: OLE_LINK2]UE specific channel bandwidth
After a UE is connected to the network, the network can know the ability of the UE, based on which, the network will configure UE specific channel bandwidth for UE within the BS channel bandwidth, which has nothing to do with SIB1 channel bandwidth directly, no matter whether or not the UE supports the SIB1 channel bandwidth. And different UEs may have different dedicated channel bandwidth. 
In connected mode, the network can configure the UE specific channel bandwidth through the following message:
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Figure 4: ServingCellConfig information element
The description of downlinkChannelBW-PerSCS-List field is:
	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].


[bookmark: OLE_LINK17]Above sentence highlighted in yellow indicates UE specific channel bandwidth corresponds to the channel bandwidth values defined in RAN4 specification and carrier bandwidth that network configured in SCS-SpecificCarrier is the width of this carrier in number of PRBs, we can know UE specific channel bandwidth corresponds to the maximum transmission bandwidth configuration. Based on channel raster to resource element mapping, UE specific channel bandwidth for at least one numerology must be on the channel raster.
Observation 3: UE specific channel bandwidth corresponds to the maximum transmission bandwidth configuration. For at least one numerology, it must be on the channel raster.
The above sentence highlighted in green means that if downlinkChannelBW-PerSCS-List field is absent, UE uses the SIB1 carrier bandwidth configuration, thus the network always configures the signaling of a UE specific channel bandwidth for operating in connected mode.
Observation 4: The network always configures the signaling of a UE specific channel bandwidth for operating in connected mode.
If network ignores the need that UE specific channel bandwidth must be centered on the 100 kHz channel raster in corresponding bands, from our understanding, the UE may crash or NW accepts the UE specific channel BW configuration but operates incorrectly and in these cases, the UE will trigger RRC connection re-establishment procedure.
Observation 5: If network ignore the need that UE specific channel bandwidth must be centered on the 100 kHz channel raster in corresponding bands, the UE may crash or NW accepts the UE specific channel BW configuration but operates incorrectly.
2.3. Future UE behaviors
For legacy UEs, if SIB1 carrier bandwidth is not maximum transmission BW configuration or SIB1 carrier bandwidth does not contain the SSB, SIB1 carrier bandwidth does not need to be on the channel raster, and according to operator’s  tests, no problem is observed when either network or UE is centered on 100 kHz raster. In order to maintain the feasibility, SIB1 carrier bandwidth for future UEs is also no need to be on the channel raster.
Proposal 2: For future UEs, SIB1 carrier bandwidth is also no need to be on the channel raster.
Based on RAN2 response, from signalling view, it is possible to override the SIB1 carrier bandwidth by the dedicated channel bandwidth signalling in RRC_CONNECTED if the UE is capable of the dedicated channel bandwidth, and if network ensures the SIB1 carrier bandwidth and dedicated channel bandwidth use the same PRB grid. However, the problem is that UE behaviour is not specified when the channel bandwidth configuration exceeds the frequency band borders. It is specified that legacy UE specific channel bandwidth corresponds to the maximum transmission bandwidth configuration defined in TS 38.101-1 and TS 38.101-2. Whether future UE specific channel bandwidth can be configured any value which must not be the maximum transmission bandwidth configuration, the impact is not clear. It should be noted that future UE needs to report the specific supported values which are not the maximum transmission bandwidth configuration to BS, thus BS can configure appropriate bandwidth based on UE ability.
Observation 6: Whether future UE specific channel bandwidth can be configured any value which must not be the maximum transmission bandwidth configuration, the impact is not clear.
3. Conclusion
In this contribution, we shared some views on SIB1 signaling and CBW configuration and the observations and proposals are made as following:
Observation 1: The maximum transmission bandwidth configuration must be on the channel raster, which must apply to at least one numerology supported by the UE.
Proposal 1: For the cases of SIB1 carrier bandwidth is maximum transmission BW configuration or SIB1 carrier bandwidth contains the SSB, SIB1 carrier bandwidth for at least one numerology that the UE supports needs to be on the channel raster. Otherwise, SIB1 carrier bandwidth does not need to be on the channel raster.
Observation 2: The channel bandwidth does not need to be on the channel raster.
Observation 3: UE specific channel bandwidth corresponds to the maximum transmission bandwidth configuration. For at least one numerology, it must be on the channel raster.
Observation 4: The network always configures the signaling of a UE specific channel bandwidth for operating in connected mode.
Observation 5: If network ignore the need that UE specific channel bandwidth must be centered on the 100 kHz channel raster in corresponding bands, the UE may crash or NW accepts the UE specific channel BW configuration but operates incorrectly.
Proposal 2: For future UEs, SIB1 carrier bandwidth is also no need to be on the channel raster.
Observation 6: Whether future UE specific channel bandwidth can be configured any value which must not be the maximum transmission bandwidth configuration, the impact is not clear.
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5. Annex
Table 1 Questionnaire on legacy UE behaviors
	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)?
	ZTE

	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]
	X

	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
	X

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

	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]
	X

	1.9 Something else:
	

	2.  Connected mode without UE specific channel BW
	

	2.1 Nothing (if sync raster related restrictions are considered)
	X

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

	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
	X

	2.7 The combination of all numerologies' transmission BWs
	X

	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
	X

	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
	 X

	3.3 The carrierBandwidth for at least one numerology
	√

	3.4 The carrierBandwidth for the numerology containing the active BWP
	X

	3.5 The combination of all numerologies' transmission BWs
	X

	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
	X

	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
	X

	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.
	X

	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.
	X

	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
	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
	X

	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
	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)
	X

	5.6 Always needed
	√

	5.7 Something else:
	








[bookmark: _GoBack]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)?
	ZTE

	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]
	X

	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
	X

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

	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]
	X

	1.9 Something else:
	

	2.  Connected mode without UE specific channel BW
	

	2.1 Nothing (if sync raster related restrictions are considered)
	X

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

	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
	X

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

	2.7 The combination of all numerologies' transmission BWs
	X

	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
	X

	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
	X

	3.3 The carrierBandwidth for at least one numerology
	X

	3.4 The carrierBandwidth for the numerology containing the active BWP
	X

	3.5 The combination of all numerologies' transmission BWs
	X

	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
	X

	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
	X

	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
	X

	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
	X

	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
	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)
	X

	5.6 Always needed
	√

	5.7 Something else:
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