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1 Introduction
LS[1] from RAN2 has sent to RAN4 on the bandwidth of initial BWP. Three types of bandwidth configured to UE in different configuration IE was raised with RAN2 understanding.

During RAN4 #90bis meeting, there is already discussion [2] on the bandwidth handling for random access. It is required that which emission and MPR/AMPR RF requirement shall be applied for the random access time span when network do not have the information on UE CBW capability.   
This paper provides analysis on the understanding of multiple bandwidth definition and the corresponding RF requirement the UE shall follow.
2 Discussion
2.1 CORSET#0 Bandwidth
Three types of bandwidth was discussed in recent RAN2 meetings. The channel bandwidth is configured in SIB1/RRC common signaling, it can be overridden by UE specific CBW configuration which is defined as optional in TS 38.331. In which, the UE specific CBW is required to be configured corresponding to the maximum transmission bandwidth configuration defined in TS 38.101. Initial BWP bandwidth is configured in SIB1 for Pcell, and other BWP bandwidth is configured in dedicated RRC information. Corset#0 bandwidth is signalled in MIB with RB number for a certain SCS condition defined in TS 38.213.
CORSET#0 bandwidth is provided with pdcch-ConfigSIB1 in MIB as in Fig1, which is used to indicate UE the frequency position to receive SIB1 on PDSCH. UE need to use this bandwidth to acquire the PDCCH information and blind detect for SIB1. It means UE cannot obtain the system information if it cannot support the CORSET#0 bandwidth.
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Fig 1. CORSET#0 bandwidth configured in MIB pdcch-ConfigSIB1

Furthermore, it is clarified in TS 38.331 that UE will keep the downlink bandwidth of CORSET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment, which means UE will use CORSET#0 bandwidth to receive msg2 and msg4 for random access and RRC connection setup. UE cannot execute random access procedure if it cannot support the CORSET#0 bandwidth.

Observation 1: UE shall support BWP bandwidths equal to CORESET#0 bandwidth 
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defined in TS 38.213.
As shown in Table 1, the RB number for CORSET#0 is not equal to most of the maximum transmission bandwidth configuration defined in TS 38.101-1/2. For each {SCS, minimum CBW} combination, the 
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could corresponds to the closest larger NRB which can be seen as in Table 1 and Table 2:

Table 1. CORESET #0 BW and corresponding UE mandatory supported maximum transmission bandwidth for FR1
	{SS/PBCH block, PDCCH} SCS 
	Minimum channel bandwidth of a band
	CORESET #0 BW 
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	UE mandatory supported maximum transmission  bandwidth(MHz)
	UE mandatory supported maximum transmission bandwidth configuration in number of PRBs 
(NRB defined in TS 38.101-1)

	(15,15)
	5 MHz or 10 MHz
	24
	5
	25

	
	
	48
	10
	52

	
	
	96
	20
	106

	(15,30)
	5 MHz or 10 MHz
	24
	10
	24

	
	
	48
	20
	51

	(30,15)
	5 MHz or 10 MHz
	48
	10
	52

	
	
	96
	20
	106

	(30,30)
	5 MHz or 10 MHz
	24
	10
	24

	
	
	48
	20
	51

	(30,15)
	40MHz
	48
	10
	52

	
	
	96
	20
	106

	(30,15)
	40MHz
	24
	10
	25

	
	
	48
	20
	52


Table 1. CORESET #0 BW and corresponding UE mandatory supported maximum transmission bandwidth for FR2
	{SS/PBCH block, PDCCH} SCS 
	CORESET #0 BW 
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	UE mandatory supported maximum transmission  bandwidth(MHz)
	UE mandatory supported transmission maximum bandwidth in (NRB defined in TS 38.101-2)

	 {120, 60} 
	48
	50
	66

	
	96
	100
	132

	 {120, 120} 
	24
	50
	32

	
	48
	100
	66

	{240, 60}
	90
	100
	132

	 {240, 120} 
	24
	50
	32

	
	48
	100
	66


Proposal 1: UE is mandatory to support the CORSET#0 bandwidth which corresponds to the channel bandwidth defined in TS 38.101-1/2, the corresponding relation shall be as in Table 1 and Table 2.
2.2 Initial BWP bandwidth
When UE received SIB1, the uplink and downlink initial BWP will be indicated with BWP location and bandwidth, rach-ConfigCommon information. It can be seen in Fig 2. 
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For uplink bandwidth in random access, UE will use initialUplinkBWP bandwidth to send msg1 and msg3. Meanwhile, there is also actions defined in TS 38.331 when UE received the initial BWP configuration:

	Upon receiving the SIB1 the UE shall:

1>
 …

2>
if the UE supports one or more of the frequency bands indicated in the frequencyBandList for downlink, and one or more of the frequency bands indicated in the frequencyBandList for uplink for FDD, and they are not downlink only bands, and

2>
if the UE supports at least one additionalSpectrumEmission in the NR-NS-PmaxList for a supported band in the downlink and a supported band in uplink for FDD, and

2>
if the UE supports the bandwidth of the initial uplink BWP and of the initial downlink BWPs indicated in the locationAndBandwidth fields in uplinkConfigCommon:

3>
select the first frequency band in the frequencyBandList which the UE supports and for which the UE supports at least one of the additionalSpectrumEmission values in nr-NS-PmaxList, if present;

3>
forward the cellIdentity to upper layers;

…

2>
else:

3>
consider the cell as barred in accordance with TS 38.304 [20]; and

3>
perform barring as if intraFreqReselection is set to notAllowed;


Action step 2 in red means UE need to compare the configured initial BWP bandwidth with UE channel bandwidth capability, if either uplink or downlink initial BWP bandwidth is not supported the UE will consider the cell as barred. If the initial BWP bandwidth is supported, the UE will use it to continue the random access procedure in uplink (CORSET#0 bandwidth is used in downlink mention in 2.1). It is worth noting that the initial BWP bandwidth in SIB1 could be different with CORSET#0 bandwidth which depends on the network configuration, and it may not equal to any of the maximum transmission bandwidth configuration defined in TS 38.101.

In SIB1, the network also provides the CarrierBandwidth in SCS-SpecificCarrier IE with per SCS approach. The common understanding for the carrierbandwidth indicated in SIB1 is the cell bandwidth from gNB side. It means there could be another cell even from different operators outside the carrierBandwidth configured in SIB1. The UE cannot operate with bandwidth larger than the cell bandwidth since UE may have impact on the other cells (or receive high interference from the other cells for Rx). Thus, the initial BWP bandwidth shall be less than or equal to the carrier bandwidth indicated in SIB1, and UE will operates with a bandwidth ≥initial BWP bandwidth and ≤carrier bandwidth in SIB1.
Proposal 2: After checking both uplink and downlink initial BWP bandwidth with UE capability, UE only continue the following initial access procedure when:

· Initial BWP bandwidth≤UE channel bandwidth capability≤carrierBandwidth indicated in SIB1

Otherwise the UE will consider the cell as barred.

From RF requirement perspective, when we say “UE can support the bandwidth”, it means UE can satisfy the RF requirement accordingly. As discussed in [2], the UE also need to subject to a certain emission requirement with proper MPR/AMPR before network is able to indicate a UE-specific channel bandwidth via dedicated signalling (e.g. random access). For downlink, the UE can follow the RF requirement with channel bandwidth in Table1/2 corresponding to a certain CORSET#0 bandwidth. For Uplink, it is not clear which RF requirement UE shall meet when UE operates on initialUplinkBWP. 

In the earlier RAN4 meeting, we already have agreement [3] that “UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured”, therefore RAN4 only define the RF requirement based on UE channel bandwidth set.

The question from RAN2 is actually that whether UE can support the initial BWP bandwidth lower than UE channel bandwidth capability, and which RF requirement shall be applied when UE operates on the initial BWP. According to the approved WF [3], we copy the agreements as following:

· UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
· How the UE configures it’s RF in order to operate the BWP and meet the CBW based RF requirements is implementation dependent

Thus, for initial BWP bandwidth which is lower than UE channel bandwidth capability, it is RAN4 agreement that UE need to support this case, and how UE operates to support this BWP bandwidth would not be specified. 
Proposal 3: The UE shall support configuration with initial BWP bandwidth which is less than UE channel bandwidth capability.

For the time span before UE report its capability to the network, there is no information on configured UE channel bandwidth, so there is a problem that which channel bandwidth the UE shall apply with the RF requirement. As mentioned before, the network also provides the CarrierBandwidth in SCS-SpecificCarrier IE with per SCS approach in SIB1. Which can be seen in Fig 3:
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Fig 3. SCS-SpecificCarrier IE in SIB1

Since the UE operates with a bandwidth≤carrier bandwidth in SIB1, the UE is definitely able to support the RF requirement of the carrier bandwidth indicated in SIB1. For example, we have configuration on bandwidths as following:
· carrierBandwidth indicated in SIB1: 60MHz

· Initial BWP bandwidth: 20MHz

· UE actual bandwidth capability(IoDT support): 50MHz

· UE operates on initial BWP with 50MHz

· UE operates on initial BWP with 20MHz 

Regardless of how the UE operates with the initial BWP bandwidth, the UE can satisfy the RF requirement of 50MHz channel bandwidth even with BWP bandwidth less than 50MHz. Since generally it is tougher for UE to meet the RF requirement with smaller channel bandwidth, the UE will definitely support 60MHz channel bandwidth requirement in nature under this case. Considering there is no UE specific signalling when UE is receiving SIB1, the UE shall meet the RF requirement of 60MHz, which corresponds to the carrierBandwidth indicated in SIB1.

Proposal 4: The UE shall meet the RF requirement of the carrier bandwidth indicated in SIB1 within the time that UE use initialUplinkBWP and initialDownlinkBWP before network is able to indicate a UE-specific channel bandwidth via dedicated signalling.
For NR Rel-15, there is an exception that there is no RF requirement specified for UE with 70MHz channel bandwidth, while there is 70MHz RF requirement defined in gNB side. If gNB indicates carrierBandwidth in SIB1 with 70MHz, there would be no RF requirement for UE to follow when operates on initial BWPs. RAN4 shall predefine a default channel bandwidth for 70MHz case. 
According to our analysis, if UE can support the initial BWP configured on a 70MHz cell, the UE is able to support one of the UE channel bandwidth set which is less than 70MHz. For example:
· carrierBandwidth indicated in SIB1:70MHz

· initial BWP bandwidth: 50MHz

If the UE decides to access to this cell, it is definitely can support one of the channel bandwidth set < 70MHz and ≥50MHz as {50MHz, 60MHz}, otherwise the UE will consider the cell as barred.

So we propose the UE to follow the UE RF requirement with 60MHz channel bandwidth in this exceptional case.

Proposal 5: If UE decides to access to a serving cell which indicates 70MHz carrierBandwidth in SIB1, the UE shall meet the RF requirement of 60MHz within the time that UE use initialUplinkBWP and initialDownlinkBWP before network is able to indicate a UE-specific channel bandwidth via dedicated signalling.
2.3 UE behavior if no UE specific channel bandwidth is configured

Another question from RAN2 is that how a UE not supporting the channel bandwidth indicated in SIB1 would behaves if it’s never provided with dedicated channel bandwidth. 

After UE reports its channel bandwidth capability to the network, the UE is expected to receive a dedicated channel bandwidth configuration based on the UE capability. And UE will follow the RF requirement with the configured UE specific channel bandwidth.
In TS 38.331, it is already clarified that: If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. When UE find that it cannot support the channel bandwidth indicated in SIB1, the UE shall give up to execute the following RRC procedure, and go back to RRC_idle state for cell reselection.
Proposal 6: The UE shall give up to execute the following RRC procedure and reselect to other proper cell if UE cannot support the channel bandwidth indicated in SIB1 and there is never provided with UE specific channel bandwidth.
3 Conclusion

In this contribution we discussed on the open issues on bandwidth of initial BWP, according to the analysis, we have the following proposals:
Observation 1: UE shall support BWP bandwidths equal to CORESET#0 bandwidth 
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defined in TS 38.213.
Proposal 1: UE is mandatory to support the CORSET#0 bandwidth which corresponds to the channel bandwidth defined in TS 38.101-1/2, the corresponding relation shall be as in Table 1 and Table 2.
Proposal 2: After checking both uplink and downlink initial BWP bandwidth with UE capability, UE only continue the following initial access procedure when:

· Initial BWP bandwidth≤UE channel bandwidth capability≤carrierBandwidth indicated in SIB1

Otherwise the UE will consider the cell as barred.

Proposal 3: The UE shall support configuration with initial BWP bandwidth which is less than UE channel bandwidth capability.

Proposal 4: The UE shall meet the RF requirement of the carrier bandwidth indicated in SIB1 within the time that UE use initialUplinkBWP and initialDownlinkBWP before network is able to indicate a UE-specific channel bandwidth via dedicated signalling.
Proposal 5: If UE decides to access to a serving cell which indicates 70MHz carrierBandwidth in SIB1, the UE shall meet the RF requirement of 60MHz within the time that UE use initialUplinkBWP and initialDownlinkBWP before network is able to indicate a UE-specific channel bandwidth via dedicated signalling.

Proposal 6: The UE shall give up to execute the following RRC procedure and reselect to other proper cell if UE cannot support the channel bandwidth indicated in SIB1 and there is never provided with UE specific channel bandwidth.
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