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In RAN4#110-bis, a draft CR (R4-2406620) about introducing asymmetric UL DL channel BW combinations for band n28 was endorsed, and RAN4 has defined an Asymmetric Bandwidth Combination Set (BCS1) for NR band n28 featuring a 3 MHz uplink and a 5 MHz downlink [1].  
	Table 5.3.6-1: FDD asymmetric UL and DL channel bandwidth combinations
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel Bandwidth Combination Sets

	n5
	20
	25
	0

	n8
	20
	35
	0

	
	10, 15, 20
	25, 35
	1

	
	10, 15, 20
	25, 30, 35
	2

	n24
	10
	5
	0

	n25
	40
	45
	0

	n26
	20
	25, 30
	0

	n283
	3
	5
	1

	…
	…
	…
	…

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2:	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.
NOTE 3 :  This BCS1 is limited to uplink 715-718 MHz.





From RAN4 aspect, UE can report the capability of supporting 3 MHz uplink channel bandwidth and 5 MHz channel bandwidth in band n28 by set the leftmost bit of parameter asymmetricBandwidthCombinationSet to “1”. However, the UE capability for 3 MHz do not distinguish between uplink and downlink bandwidths, which leads to potential issues in scenarios where UEs support asymmetric bandwidth combination sets including 3 MHz channel bandwidth. And RAN4 sent LS to RAN1 and RAN2 for to examine the necessary modifications and define corresponding UE capabilities [2]. 
	To WG RAN 2 and RAN 1
ACTION: 	RAN4 respectfully requests RAN2 and RAN1 to examine the necessary modifications and define UE capabilities for optional support of asymmetric bandwidths with 
· 3 MHz in uplink (and 5 MHz or larger CBW in downlink)
· and potentially also for 3 MHz in downlink (and 5 MHz or larger CBW in uplink) with lower priority and no urgency.


In this contribution, some analysis on supporting asymmetric bandwidth combination set including 3 MHz channel bandwidth are presented, and corresponding proposals are provided based on the analysis. 
Discussion
In Rel-15, UE RF FG 2-1 shows that a UE can report the maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports within a single CC.
	Features
	Index
	Feature group
	Components
	Field name in TS 38.331 [2]
	Note
	Mandatory/Optional

	2. UE RF
	2-1
	Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports within a single CC
	1) FR1 channel bandwidths in TS38.101-1 Table 5.3.5-1
2) FR2 channel bandwidths in TS38.101-2 Table 5.3.5-1
	channelBWs-DL
[bookmark: OLE_LINK5]channelBWs-UL
	UE capability signalling shall follow RP-172832 (Per-band capability signalling, separately for DL and UL and for each SCS)

Whether a bandwidth newly introduced in future is mandatory for UE shall be discussed case by case.
	[bookmark: OLE_LINK3]For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC. The bandwidths listed in the slide #3 of R4-1805985 are mandatory with a single CC. 90MHz is optional for n41, n77, n78.

For FR2, the set of mandatory CBW is 50, 100, 200 MHz.


In Rel-18, 3 MHz channel bandwidth has been introduced to support dedicated spectrum of less than 5 MHz and some enhancements are introduced, including a new UE capability for 3 MHz channel bandwidth as follows:
	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Support for 3 MHz channel bandwidth
	1) Reception of 12 PRB PBCH based on RB-level puncturing
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-3
	Support 5 MHz channel bandwidth with 20 PRB CORESET0
	1) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2) Reception of 20 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 5 MHz channel bandwidth with 20 PRB CORESET0
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling


It can be seen that UE capability of 3 MHz channel bandwidth and 5 MHz channel bandwidth with 20 PRB CORESET#0 does not distinguish between uplink and downlink, UEs report the capability of FG 51-1 implies the supporting of both 3 MHz uplink channel bandwidth and 3 MHz downlink channel bandwidth, and the UE behaviours and configurations should comply with the restrictions in FG 51-1 in both uplink and downlink transmission. Similarly, UEs that report the capability of FG 51-3 should comply with restrictions in FG 51-3 during both uplink and downlink transmission. This may cause some issues when asymmetric bandwidth combination sets including 3MHz channel bandwidth and 5 MHz channel bandwidth are supported.
Case 1: UL 3 MHz and DL 5 MHz
As specified in the FG 51-1, UEs support 3 MHz channel bandwidth will receive 12 PRB PBCH bases on RB-level puncturing and receive 15 PRB CORESET#0. However, in scenarios where UEs support the asymmetric bandwidth combinations sets of 3 MHz uplink channel bandwidth and 5 MHz downlink channel bandwidth, even take the special 5 MHz channel bandwidth with 20 PRB CORESET#0 defined in Rel-18 into consideration, the UEs are expected to receive 20 PRB PBCH and at least 20 PRB CORESET#0, which is not aligned with the UE capability for supporting 3 MHz channel bandwidth. 
Case 2: UL 5 MHz and DL 3 MHz (potentially in future)
Similarly, according to FG 51-1, UEs support 3 MHz channel bandwidth only support short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS. In scenarios where UEs support the asymmetric bandwidth combinations sets of 5 MHz uplink channel bandwidth and 3 MHz downlink channel bandwidth potentially in future, the UEs are expected to have more flexibility in RACH format configuration, which is not aligned with the restriction in FG 51-1 or in FG 51-3.
As analysis above, we suggest that FG 51-1 is split into two separate features to differentiate the UE capability of supporting 3 MHz uplink channel bandwidth and the 3 MHz downlink channel bandwidth respectively. In scenarios where UE supports asymmetric bandwidth combination of 3 MHz uplink and 5 MHz downlink, UE reports a Rel-18 UE capability for supporting 3 MHz uplink channel bandwidth, and a Rel-18 UE capability for supporting 5 MHz downlink channel bandwidth with 20 PRB CORESET#0 and/or a legacy UE capability of FG 2-1 for supporting legacy 5 MHz downlink channel bandwidth.
Proposal 1: Split FG 51-1 into two FGs as follows to support asymmetric bandwidth combination sets including 3 MHz channel bandwidth:
	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Support for 3 MHz downlink channel bandwidth
	1) Reception of 12 PRB PBCH based on RB-level puncturing
2) Reception of 15 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz downlink channel bandwidth 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-1a
	Support for 3 MHz uplink channel bandwidth
	Support for 3 MHz uplink channel bandwidth
	
	Yes
	N/A
	UE is not able to support 3 MHz uplink  channel bandwidth 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1)

The UE supporting this FG supports short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS.
	Optional with capability signalling



Similarly, FG 51-3 can be split into two separate features to differentiate the UE capability of supporting 5 MHz uplink channel bandwidth with 20 available PRBs and the 5 MHz downlink channel bandwidth with 20 PRB CORESET#0 respectively. In scenarios where UE supports asymmetric bandwidth combination of 5 MHz uplink and 3 MHz downlink, UE reports a Rel-18 UE capability for supporting 5 MHz uplink channel bandwidth with 20 available PRBs and/or a legacy UE capability of FG 2-1 for supporting legacy 5 MHz uplink channel bandwidth, and a Rel-18 UE capability for supporting 3 MHz downlink channel bandwidth.
Proposal 2: Split FG 51-3 into two FGs as follows to support asymmetric bandwidth combination sets including 5 MHz channel bandwidth with 20 PRBs:
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]51. NR_FR1_lessthan_5MHz_BW
	51-3
	Support 5 MHz downlink channel bandwidth with 20 PRB CORESET0
	1) Reception of 20 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 5 MHz downlink channel bandwidth with 20 PRB CORESET0
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-3a
	Support 5 MHz uplink channel bandwidth with 20 PRB 
	Support 5 MHz uplink channel bandwidth with 20 PRB 
	
	Yes
	N/A
	UE is not able to support 5 MHz uplink channel bandwidth with 20 PRB
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1)

Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS.
	Optional with capability signalling



Conclusion
In this contribution, we have the following proposals.  
Proposal 1: Split FG 51-1 into two FGs as follows to support asymmetric bandwidth combination sets including 3 MHz channel bandwidth:
	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Support for 3 MHz downlink channel bandwidth
	1) Reception of 12 PRB PBCH based on RB-level puncturing
2) Reception of 15 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz downlink channel bandwidth 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-1a
	Support for 3 MHz uplink channel bandwidth
	Support for 3 MHz uplink channel bandwidth
	
	Yes
	N/A
	UE is not able to support 3 MHz uplink  channel bandwidth 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1)

The UE supporting this FG supports short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS.
	Optional with capability signalling


Proposal 2: Split FG 51-3 into two FGs as follows to support asymmetric bandwidth combination sets including 5 MHz channel bandwidth with 20 PRBs:
	51. NR_FR1_lessthan_5MHz_BW
	51-3
	Support 5 MHz downlink channel bandwidth with 20 PRB CORESET0
	1) Reception of 20 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 5 MHz downlink channel bandwidth with 20 PRB CORESET0
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1).
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-3a
	Support 5 MHz uplink channel bandwidth with 20 PRB
	Support 5 MHz uplink channel bandwidth with 20 PRB
	
	Yes
	N/A
	UE is not able to support 5 MHz uplink channel bandwidth with 20 PRB
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation

This FG is only applicable to single-carrier operation. 

This FG is not applicable to UEs indicating supportOfRedCap-r17 (i.e., FG 28-1) or supportOfERedCap-r18 (i.e., FG 48-1)

Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS.
	Optional with capability signalling
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