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1 Background
RAN4 has received an LS for RAN2 in [1] on the supported bandwidth for the intial BWP, the questions concern the assumptions a network may make regarding the supported BWP bandwidths and how the channel bandwidth value(s) provided in SIB1 is used by the UE (configuration of bandwidths). The latter is related to the RAN4 discussion on potential problems of compliance with unwanted emission during initial access brought up in [2]. The related discussion in [3] and the associated CRs concerned configuration of a UE specific channel bandwidth (MHz) after capability exchange, also recognising that there is no procedure defined for channel bandwidth configuration during initial access in the specifications. 
In this contribution we propose input for a reply to RAN2 and attach a draft LS.
2 Configuration of channel bandwidths based on SIB1 bandwidth values
The RAN2 problem description is
Configuring the Channel Bandwidth

RAN2 also observed that it is not clear how the UE uses the channel bandwidth value(s) provided in SIB1. 

As mentioned above, the UE camps in the cell even if it does not support the channel bandwidth indicated in SIB1. The intention of this was to ensure forward compatibility by enabling the network to provide a UE-specific channel bandwidth when detecting that the UE does not support the commonly used channel bandwidth. However, this still doesn’t solve the question of which channel bandwidth would such a UE use for initial access before network is able to indicate a UE-specific channel bandwidth via dedicated signalling. RAN2 would also like to point out that the network may configure a UE specific channel bandwidth only after having obtained the UE capabilities. For UL/DL messages exchanged beforehand the UE would have to apply some other channel bandwidth. Did RAN4 specify how a UE not supporting the channel bandwidth indicated in SIB1 behaves during that time span? Or what happens if such a UE is never provided with the dedicated channel bandwidth? RAN2 considers there may be cases when the gNB has no option to configure a channel bandwidth which is supported by the UE: E.g. if the gNB that only supports channel bandwidths of X MHz or less, but the UE only supports channel bandwidths of more than X MHz. 

In RAN2 view there could be potentially multiple solutions, but they might require changes in RAN2 specifications.
RAN4 has not specified the channel bandwidth (MHz) configuration during initial access before capability exchange for any case. Neither is the behaviour specified for a UE not supporting the bandwidth indicated in SIB1 that is not configured with a UE dedicated channel bandwidth. 
The case in which the gNB has no option to configure a channel bandwidth supported by the UE could be problematic in terms of UE unwanted emissions outside the gNB carrier bandwidth (“cell bandwidth”): compliance is not guaranteed even if not all BWP bandwidths and locations within the carrier bandwidth would generate harmful interference. 
The radio requirements in RAN4 ony apply for channel bandwidth and PRB allocations up to the values given by the maximum transmission bandwidth configuration (maximum spectrum utilization), not for BWP. Given a UE channel bandwidth (MHz), unwanted emissions requirements must also be met for smaller (contiguous) PRB allocations within the maximum transmission bandwidth configuration.
Table 1 (Table 5.3.2-1 in 38.101-1): Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

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

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

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


We assume that the “channel bandwidth”, which is conveyed in SIB1” referred to in [1] is the carrierBandwidth (grid size) indicated in the ServingCellConfigCommon. Turning to the particular case in which the gNB only supports channel bandwidths of X MHz or less but the UE only supports channel bandwidths of more than X MHz, UE unwanted emissions are not guaranteed for all BWP. Moreover, it is not clear how a UE dedicated channel bandwidth (MHz) would be configured for this case since the location and bandwidth of the carrier bandwidth mapping to the channel bandwidth > X MHz would span outside the carrierBandwidth sent in SIB1. Hence the location of UE channel bandwidth would be unknown but still cover the initial BWP assuming the UE has accessed the cell. If the initial BWP is significantly smaller than the carrierBandwidth (in ServingCellConfigCommon) and the UE supports a bandwidth larger than the initial BWP, the unwanted emissions for transmissions within the initial BWP would probably be met outside the carrierBandwidth even if UE would select a bandwidth > X MHz. However, this is not necessarily the case for larger initial BWP or for e.g. BWP configured after capability exchange. 
Compliance with UE unwanted emissions could be guaranteed would the SIB1 procedure contain a condition on supported UE channel bandwidths (MHz) such that 

1. the UE shall support a channel bandwith with a maximum transmission bandwidth configuration smaller than or equal to the carrierBandwidth (PRB) provided in SIB1
2. but larger than the initial BWP

for the UE to consider cell selection. Then unwanted emissions outside the carrier bandwidth can be ensured also before capability exchange, also for the case in which the gNB does not configure UE dedicated channel bandwidths. The condition above does not  that the carrierBandwidth has to correspond to the maximum transmission bandwidth configurations in Table 1. If the condition is met the UE should 
“apply a channel bandwidth with a maximum transmission bandwith configuration smaller than or equal to the carrierBandwidth indicated for the SCS of the initial BWP and wider than or equal to the bandwidth of the initial BWP”

in order to ensure compliance with unwanted emissions requirements outside the carrier bandwidth.
Provisional answers to the associated questions  are
To RAN WG4

ACTION: RAN2 respectfully asks RAN4 to ... 

· clarify which channel bandwidth the UE assumes/applies during initial access (e.g. how a UE not supporting the channel bandwidth indicated in SIB1 behaves during the initial access)?
[RAN4]: this is not specified and up to UE implementation, some may select a bandwidth spanning the initial BWP whereas others select a bandwidth spanning the carrier bandwidth depending on channel bandwidth support (IODT) below the maximum mandatory bandwidth
· clarify how a UE not supporting the channel bandwidth indicated in SIB1 would behaves if it’s never provided with dedicated channel bandwidth?
[RAN4]: this is not specified and up to UE implementation, the UE might select a channel bandwidth spanning the BWP configured while expecting to be configured with BWP parameters in accordance with its UE capability.
but the proposed answer should be verified and possibly augmented by UE vendors.
3 Supported BWP bandwidth
The next issue is
Supported BWP Bandwidths

RAN2 discussed which assumptions a network may make regarding the supported BWP bandwidths. So far RAN2 assumes that all UEs shall at least support the following BWP bandwidths:

· The DL/UL BWP bandwidths equal to CORESET#0 (as defined in TS38.213) 

· The DL/UL BWP bandwidth (in number of PRBs) corresponding to the " channel bandwidth" defined for the band, i.e. lower or equal to 100MHz depending on the band for FR1, and equal to 200MHz for FR2.

· The DL/UL BWP bandwidth corresponding to the channel bandwidths supported according to the UE capabilities). 

RAN2 would like to ask RAN1 and RAN4 whether a UE shall support also BWP bandwidths that do not correspond to the exact channel bandwidth sizes, e.g. any BWP bandwidth (in number of PRBs) lower the supported channel bandwidths (e.g. whether UE supporting 100 MHz BWP bandwidth with SCS=30 kHz, which corresponds to 273 PRBs, could be configured with N < 273 PRBs for the BWP bandwidth).

The RAN4 RF and RRM core requirements apply for any BWP bandwidth that can be configured according to the core RAN1 and RAN2 specifications, but the test cases (test requirements) contain bandwidth restrictions: for the RRM tests the uplink and downlink BWP patterns for initial and dedicated BWP configurations are limited to certain bandwidths, for example. Hence the BWP bandwidths do not have to correspond to the exact channel bandwidth sizes (the maximum transmission bandwidth configuration).
Provisional answers to the remaining questions are

To RAN WG1 and RAN WG4

ACTION: 
RAN2 respectfully asks RAN1/4 to provide feedback on the following questions: 

· Which BWP-bandwidths is a UE is expected to support: Only the BWP-bandwidths matching exactly the supported channel bandwidths or also values less than the exact channel bandwidth (possibly including any value - in number of PRBs - lower than the supported channel bandwidths)? 

· Can the network make any assumptions regarding supported initial BWP bandwidths (when UE capabilities are not yet known)? 

· Does the RAN2 agreement that UEs shall support an initial UL BWP bandwidth equal to CORESET#0 have any impact to RAN1/4 specifications?
[RAN4]: The RAN4 RF and RRM core requirements apply for any BWP bandwidth that can be configured according to the core RAN1 and RAN2 specifications, but the test cases (test requirements) used for conformance testing contain bandwidth restrictions: for the RRM tests the uplink and downlink BWP patterns for initial and dedicated BWP configurations are limited to certain bandwidths, for example. Hence the BWP bandwidths do not have to correspond to the exact channel bandwidth sizes (the maximum transmission bandwidth configuration) from a RAN4 specification viewpoint. However, the test cases used for conformance testing may not include UL BWP patterns corresponding to all possible CORESET#0.
4 Proposal
It is proposed that the Draft Reply LS is sent to RAN2. Prior to that some of the proposed answers require verification and possible amendments by UE vendors.
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1. Overall Description:

RAN4 would like to thank RAN2 for its LS on supported BW for initial BWP in R2-1908301 and provide the following answers and comments to the items raised in the LS.

Regarding the supported BWP bandwidths the following answer
To RAN WG1 and RAN WG4

ACTION: 
RAN2 respectfully asks RAN1/4 to provide feedback on the following questions: 

· Which BWP-bandwidths is a UE is expected to support: Only the BWP-bandwidths matching exactly the supported channel bandwidths or also values less than the exact channel bandwidth (possibly including any value - in number of PRBs - lower than the supported channel bandwidths)? 

· Can the network make any assumptions regarding supported initial BWP bandwidths (when UE capabilities are not yet known)? 

· Does the RAN2 agreement that UEs shall support an initial UL BWP bandwidth equal to CORESET#0 have any impact to RAN1/4 specifications?
[RAN4]: The RAN4 RF and RRM core requirements apply for any BWP bandwidth that can be configured according to the core RAN1 and RAN2 specifications, but the test cases (test requirements) used for conformance testing contain bandwidth restrictions: for the RRM tests the uplink and downlink BWP patterns for initial and dedicated BWP configurations are limited to certain bandwidths, for example. Hence the BWP bandwidths do not have to correspond to the exact channel bandwidth sizes (the maximum transmission bandwidth configuration) from a RAN4 specification viewpoint. However, the test cases used for conformance testing may not include UL BWP patterns corresponding to all possible CORESET#0.

Regarding the configuration of channel bandwidths based on SIB1 bandwidth values the following, repeating the RAN2 problem description:
Configuring the Channel Bandwidth

RAN2 also observed that it is not clear how the UE uses the channel bandwidth value(s) provided in SIB1. 

As mentioned above, the UE camps in the cell even if it does not support the channel bandwidth indicated in SIB1. The intention of this was to ensure forward compatibility by enabling the network to provide a UE-specific channel bandwidth when detecting that the UE does not support the commonly used channel bandwidth. However, this still doesn’t solve the question of which channel bandwidth would such a UE use for initial access before network is able to indicate a UE-specific channel bandwidth via dedicated signalling. RAN2 would also like to point out that the network may configure a UE specific channel bandwidth only after having obtained the UE capabilities. For UL/DL messages exchanged beforehand the UE would have to apply some other channel bandwidth. Did RAN4 specify how a UE not supporting the channel bandwidth indicated in SIB1 behaves during that time span? Or what happens if such a UE is never provided with the dedicated channel bandwidth? RAN2 considers there may be cases when the gNB has no option to configure a channel bandwidth which is supported by the UE: E.g. if the gNB that only supports channel bandwidths of X MHz or less, but the UE only supports channel bandwidths of more than X MHz. 

In RAN2 view there could be potentially multiple solutions, but they might require changes in RAN2 specifications.
RAN4 has not specified the channel bandwidth (MHz) configuration during initial access before capability exchange for any case. Neither is the behaviour specified for a UE not supporting the bandwidth indicated in SIB1 that is not configured with a UE dedicated channel bandwidth. 

The case in which the gNB has no option to configure a channel bandwidth supported by the UE could be problematic in terms of UE unwanted emissions outside the gNB carrier bandwidth: compliance is not guaranteed even if not all BWP bandwidths and locations within the carrier bandwidth would generate harmful interference. 

The radio requirements in RAN4 are specified for channel bandwidths and apply for PRB allocations up to the values given by the maximum transmission bandwidth configuration (maximum spectrum utilization), not for BWP. Given a UE channel bandwidth (MHz), unwanted emissions requirements must also be met for smaller (contiguous) PRB allocations within the maximum transmission bandwidth configuration.

Table 1 (Table 5.3.2-1 in 38.101-1): Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

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

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

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


RAN4 assumes that the “channel bandwidth”, which is conveyed in SIB1” referred to in the LS is the carrierBandwidth (grid size) indicated in the ServingCellConfigCommon. Turning to the particular case in which the gNB only supports channel bandwidths of X MHz or less but the UE only supports channel bandwidths of more than X MHz, UE unwanted emissions are not guaranteed for all BWP. Moreover, it is not clear how a UE dedicated channel bandwidth (MHz) would be configured for this case since the location and bandwidth of the carrier bandwidth mapping to the channel bandwidth > X MHz would span outside the carrierBandwidth sent in SIB1. Hence the location of UE channel bandwidth would be unknown but still cover the initial BWP assuming the UE has accessed the cell. If the initial BWP is significantly smaller than the carrierBandwidth (in ServingCellConfigCommon) and the UE supports a bandwidth larger than the initial BWP, the unwanted emissions for transmissions within the initial BWP would probably be met outside the carrierBandwidth even if UE would select a bandwidth > X MHz. However, this is not necessarily the case for larger initial BWP or for e.g. BWP configured after capability exchange. 

Compliance with UE unwanted emissions could be guaranteed would the SIB1 procedure contain a condition on supported UE channel bandwidths (MHz) such that 

1. the UE shall support a channel bandwith wth a maximum transmission bandwidth configuration smaller than or equal to the carrierBandwidth (PRB) provided in SIB1

2. but larger than the initial BWP

for the UE to consider cell selection. Then unwanted emissions outside the carrier bandwidth can be ensured also before capability exchange, also for the case in which the gNB does not configure UE dedicated channel bandwidths. The condition above does not  that the carrierBandwidth has to correspond to the maximum transmission bandwidth configurations in Table 1. If the condition is met the UE should 

“apply a channel bandwidth with a maximum transmission bandwith configuration smaller than or equal to the carrierBandwidth indicated for the SCS of the initial BWP and wider than or equal to the bandwidth of the initial BWP”

in order to ensure compliance with unwanted emissions requirements outside the carrier bandwidth.

RAN4 would like to provide the following answers to the associated questions
To RAN WG4

ACTION: RAN2 respectfully asks RAN4 to ... 

· clarify which channel bandwidth the UE assumes/applies during initial access (e.g. how a UE not supporting the channel bandwidth indicated in SIB1 behaves during the initial access)?
[RAN4]: this is not specified and up to UE implementation, some may select a bandwidth spanning the initial BWP whereas others select a bandwidth spanning the carrier bandwidth depending on channel bandwidth support (IODT) below the maximum mandatory bandwidth
· clarify how a UE not supporting the channel bandwidth indicated in SIB1 would behaves if it’s never provided with dedicated channel bandwidth?
[RAN4]: this is not specified and up to UE implementation, the UE might select a channel bandwidth spanning the BWP configured while expecting to be configured with BWP parameters in accordance with its UE capability.
.  

2. Actions:

To RAN2 group.

ACTION: RAN4 asks RAN2 to take the above into account.
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