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1	Introduction
During RAN2#125-bis meeting, there was an LS from RAN4 to RAN1 and RAN2 to examine the UE capability to support asymmetric bandwidths with 3MHz, as following:
	1	Overall description
In response to the new operational scenario introduced and endorsed through draft CR R4-2406620, RAN4 has defined an Asymmetric Bandwidth Combination Set for NR band n28 featuring a 3 MHz uplink and a 5 MHz downlink. Currently, UE capability in TS 38.306 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 either in uplink or potentially in future also downlink. Currently, there is no request and therefore no urgent need in RAN4 for asymmetric bandwidth combination set including 3 MHz in the downlink.

	2	Actions
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.



[bookmark: _Toc147158671][bookmark: _Toc499559238][bookmark: _Toc61387172]In this contribution, we will analyse whether and how to enhance the UE capability to support asymmetric bandwidths with 3MHz.
2	Discussion
In the current version of TS 38.306, there are two capabilities about the 3MHz channel bandwidth, as following shown: 
	support-3MHz-ChannelBW-r18
Indicates whether the UE supports the following functional components:
-	Reception of 12 PRB PBCH based on RB-level puncturing;
-	Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS;
-	Reception of 15 PRB CORESET0.
This feature is supported for 15kHz SCS only. It is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 [2].
This feature is only applicable to single-carrier operation.

This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.

NOTE:	The UE supporting this capability supports configuration of 15 PRB BWP operation.
	Band
	No
	FDD only
	FR1 only

	support-12PRB-CORESET0-r18
Indicates whether the UE supports reception of 12 PRB CORESET0.
A UE supporting this feature shall also indicate support of support-3MHz-ChannelBW-r18.
This feature is supported for 15kHz SCS only.
This feature is only applicable to single-carrier operation.

This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.

NOTE:	The UE supporting this capability supports configuration of 12 PRB BWP operation.
	Band
	No
	FDD only
	FR1 only


As it can be seen, the UE capability support-3MHz-ChannelBW-r18 includes both downlink functional component (12 PRB PBCH and 15 PRB CORESET0) and uplink functional component (RACH preamble formats), i.e. the UE supporting support-3MHz-ChannelBW-r18 shall support both the downlink and uplink capability components on 3MHz carrier.
Observation 1: According to existing capability for 3MHz channel bandwidth, the UE indicating support-3MHz-ChannelBW-r18 shall support both downlink and uplink capability components on 3MHz carrier.
Besides, there is also the UE capability to indicate supported asymmetric channel bandwidth combination, as following:
	asymmetricBandwidthCombinationSet
Defines the supported asymmetric channel bandwidth combination for the band as defined in the TS 38.101-1 [2]. Field encoded as a bit map, where bit N is set to "1" if UE support asymmetric channel bandwidth combination set N for this band as defined in the TS 38.101-1 [2]. The leading / leftmost bit (bit 0) corresponds to the asymmetric channel bandwidth combination set 1, the next bit corresponds to the asymmetric channel bandwidth combination set 2 and so on. UE shall support asymmetric channel bandwidth combination set 0. If the field is absent, the UE supports asymmetric channel bandwidth combination set 0.
	Band
	No
	N/A
	N/A



According to the endorsed RAN4 CR, an entry of asymmetric bandwidth with 3MHz UL and 5MHz DL has been added in Table 5.3.6-1 in TS 38.101-1
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

	n66
	5, 10
	20, 40
	0

	
	20
	40
	

	
	5, 10
	20, 25, 30, 40
	1

	
	20, 25, 30
	40
	



With the capability asymmetricBandwidthCombinationSet reported, if the UE indicates the “1” in leftmost bit (bit 0) for band n28, the network shall understand that the UE supports band n28 with 3MHz uplink and 5MHz downlink.
Observation 2: The UE capability asymmetricBandwidthCombinationSet for band n28 can indicate the support 3MHz uplink and 5MHz downlink.
For the scenario mentioned in the LS from RAN4, we understand the gNB should be able to distinguish whether the UE support 3MHz for uplink only or for both uplink and downlink. For the cell with 3MHz uplink and 5Mhz or larger downlink, the PBCH and the CORESET are both same as legacy cell, and the only difference is that the uplink carrier bandwidth is configured to 3MHz in SIB1. Based on that, the UE not supporting 3MHz uplink and 5MHz downlink shall determine that cell as barred due to no support of the uplink bandwidth. From gNB side, the gNB should know whether the UE support 3MHz uplink and 5MHz or larger downlink to make decision on the SCell addition and target cell selection during mobility. In details, the gNB should not select a cell that has 3MHz uplink and 5MHz or larger downlink in band n28 as the SCell or target cell for the UE not supporting 3MHz uplink and 5MHz or larger downlink in band n28.
Another issue is whether the UE has to support support-3MHz-ChannelBW-r18 which includes both downlink and uplink components, if the UE supports asymmetric bandwidth with 3MHz uplink and 5Mhz and larger bandwidth downlink. As the support-3MHz-ChannelBW-r18 needs the UE to support 12 PRB PBCH and 15 PRB CORESET, which seems to be strong requirements to UE side, we think it is better to decouple the support of asymmetric bandwidth (e.g. 3MHz+5Mhz or larger) and support of symmetric bandwidth (e.g. 3Mhz+3Mhz).
Proposal 1: RAN2 to confirm that the UE supporting asymmetric bandwidth with 3MHz uplink and 5Mhz or larger downlink doesn’t need to support existing support-3MHz-ChannelBW-r18 which includes support of 3MHz for both uplink and downlink.
If Proposal 1 can be confirmed, to indicate the support of asymmetric bandwidth with 3MHz uplink and 5MHz downlink, we think there are at least 3 options:
· Option 1: split current support-3MHz-ChannelBW-r18 capability to indicate the uplink component and downlink component separately (i.e. support-3MHz-ChannelBW-DL-r18 and support-3MHz-ChannelBW-UL-r18).
Currently the capability support-3MHz-ChannelBW-r18 is designed as 1bit. For this option, 2bit may be needed. One bit of 2bit is used to indicate whether to support 3MHz for downlink, and the other bit is used to indicate whether to support 3MHz for uplink. If the UE support both uplink and downlink of 3MHz, the UE shall set both bits to true. The advantage of this option is that it can also support the asymmetric bandwidth with 3MHz downlink and 5MHz and larger uplink naturally.
· Option 2: the UE doesn’t indicate support-3MHz-ChannelBW-r18, and clarify the support of 3Mhz uplink component within asymmetricBandwidthCombinationSet capability.
According to above discussion, for the UE only supporting 3MHz in uplink, it will not indicate support-3MHz-ChannelBW-r18 field, and it shall indicate “1” in leftmost bit (bit 0) of asymmetricBandwidthCombinationSet corresponding to band n28. Based on this assumption, the UE shall support short RACH preamble formats with 15kHz SCS and long PRACH formats with 1.25kHz SCS if the leftmost bit (bit 0) of asymmetricBandwidthCombinationSet corresponding to band n28 is indicated to “1”. 
For this option, the only modification is in TS 38.306 to clarify the UE shall support short RACH preamble formats with 15kHz SCS and long PRACH formats with 1.25kHz SCS if the leftmost bit (bit 0) of asymmetricBandwidthCombinationSet corresponding to band n28 is indicated to “1”. The change is simple, but the drawback of this option is that it is not future proof, i.e. further updates are needed to consider asymmetric bandwidth with 3MHz downlink and 5MHz and larger uplink.
· Option 3: add a new capability (i.e. support-3MHz-ChannelBW-UL-r18) to indicate the support of 3MHz bandwidth for uplink only.
For this option, the current support-3MHz-ChannelBW-r18 capability is for the support of 3Mhz for both uplink and downlink, and the new capability support-3MHz-ChannelBW-UL-r18 is used to indicate the support of 3Mhz uplink only.  The drawback of this option is that it is not future proof, i.e. further updates are needed to consider asymmetric bandwidth with 3MHz downlink and 5MHz and larger uplink. For this option, if there is need to support asymmetric bandwidth with 3MHz downlink and 5MHz or larger uplink, there may be another new capability bit needed.
Proposal 2: RAN2 to discuss the solutions to support the asymmetric bandwidth capability of 3MHz:
· Option 1: split current support-3MHz-ChannelBW-r18 capability to indicate the uplink component and downlink component separately (i.e. support-3MHz-ChannelBW-DL-r18 and support-3MHz-ChannelBW-UL-r18).
· Option 2: the UE doesn’t indicate support-3MHz-ChannelBW-r18, and clarify the support of 3Mhz uplink component within asymmetricBandwidthCombinationSet capability.
· Option 3: add a new capability (i.e. support-3MHz-ChannelBW-UL-r18) to indicate the support of 3MHz bandwidth for uplink only.

In the existing capability support-3MHz-ChannelBW-r18, there are following restrictions:
· This feature is only applicable to single-carrier operation.

· This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.

	support-3MHz-ChannelBW-r18
Indicates whether the UE supports the following functional components:
-	Reception of 12 PRB PBCH based on RB-level puncturing;
-	Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS;
-	Reception of 15 PRB CORESET0.
This feature is supported for 15kHz SCS only. It is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 [2].
This feature is only applicable to single-carrier operation.

This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.

NOTE:	The UE supporting this capability supports configuration of 15 PRB BWP operation.
	Band
	No
	FDD only
	FR1 only


These restrictions are applicable if the UE supports 3MHz for both uplink and downlink. Whether these restrictions are still applicable if the UE supports asymmetric bandwidth with 3MHz uplink and 5MHz or larger downlink is a question. Given that support multiple carriers may require further discussion in other working groups (e.g. requirements in RAN4), we think RAN2 can confirm that these restrictions are also applicable if the UE supports asymmetric bandwidths with 3MHz uplink and 5Mhz or larger downlink.
Proposal 3: RAN2 to confirm that the following restrictions are also applicable to UEs supporting asymmetric bandwidth with 3MHz uplink and 5Mhz or larger downlink.
· This feature is only applicable to single-carrier operation.
· This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.

RAN2 should send RAN2’s conclusion and agreed CRs to RAN1 and RAN4 for confirmation.
Proposal 4: RAN2 to send RAN2 conclusion and agreed CRs to RAN1 and RAN4 for confirmation. 
3	Conclusion
Based on the above discussion we have the following observations and proposals: 
Observation 1: According to existing capability for 3MHz channel bandwidth, the UE indicating support-3MHz-ChannelBW-r18 shall support both downlink and uplink capability components on 3MHz carrier.
Observation 2: The UE capability asymmetricBandwidthCombinationSet for band n28 can indicate the support 3MHz uplink and 5MHz downlink.
Proposal 1: RAN2 to confirm that the UE supporting asymmetric bandwidth with 3MHz uplink and 5Mhz or larger downlink doesn’t need to support existing support-3MHz-ChannelBW-r18 which includes support of 3MHz for both uplink and downlink.
Proposal 2: RAN2 to discuss the solutions to support the asymmetric bandwidth capability of 3MHz:
· Option 1: split current support-3MHz-ChannelBW-r18 capability to indicate the uplink component and downlink component separately (i.e. support-3MHz-ChannelBW-DL-r18 and support-3MHz-ChannelBW-UL-r18).
· Option 2: the UE doesn’t indicate support-3MHz-ChannelBW-r18, and clarify the support of 3Mhz uplink component within asymmetricBandwidthCombinationSet capability.
· Option 3: add a new capability (i.e. support-3MHz-ChannelBW-UL-r18) to indicate the support of 3MHz bandwidth for uplink only.
[bookmark: _GoBack]Proposal 3: RAN2 to confirm that the following restrictions are also applicable to UEs supporting asymmetric bandwidth with 3MHz uplink and 5Mhz or larger downlink.
· This feature is only applicable to single-carrier operation.
· This feature is not applicable to UEs indicating supportOfRedCap-r17 or supportOfERedCap-r18.
Proposal 4: RAN2 to send RAN2 conclusion and agreed CRs to RAN1 and RAN4 for confirmation. 
The corresponding CRs for option 1 and 2 are given in [2][3][4].
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