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1. Introduction

In RAN #90-e meeting, the new WID on introduction of bandwidth combination set 4 (BCS4) for NR was approved in [1], the purpose is to reduce the workload in RAN4. To enable BCS4 support, WF [2] and new WID gave some UE capabilities signalling methods as below:

· Signalling of BCS4 support per band combination

· BCS4 signalling with additional minimum channel bandwidth for each CC in NR band within a band combination 

· BCS4 signalling with additional UE signalling multiple feature sets with different maximum and minimum channel bandwidth supporting on each CC for the same band combination.

· Other methods are not precluded

This contribution discussed how to define most suitable UE capabilities signalling to enable BCS4 support.
2.  Discussion
BCSs have been used for LTE and NR carrier aggregation and dual connectivity, and intra-band EN-DC to indicate the channel bandwidths for the band combination the UE supports. The inconvenience is that new BCSs need be creased when new bandwidths were added to a given band in the band combination to include the new channel bandwidths for the band combination. This is time consuming and causes UE specifications very interminable, hence BCS4 was proposed to introduce for SUL, inter-band and intra-band NR-CA.
As summary, RAN2 currently signalling for UE capability of supporting channel bandwidth for NR non-CA operation, inter-band and intra-band NR CA are listed as below:
For NR non-CA operation, the UE report below capability to indicate which channel bandwidths will be supported:

· channelBWs-UL/channelBWs-DL for mandatory channel bandwidths
· channelBWs-UL-v1590/channelBWs-DL-v1590 for 70MHz
· channelBW-90mhz
· supportedBandwidthUL/supportedBandwidthDL
Note: for non-CA operation, supportedBandwidthUL/supportedBandwidthDL use to indicate 100MHz channel bandwidth for FR1 and 400MHz channel bandwidth for FR2.

For NR CA, RAN2 currently allows UE report below capability to indicate which channel bandwidths it will support in this band combination:
channelBWs-UL/channelBWs-DL for mandatory channel bandwidths
·    channelBWs-UL-v1590/channelBWs-DL-v1590 for 70MHz
  channelBW-90mhz
· Indicates for each subcarrier spacing the UE supported channel bandwidths.
· supportedBandwidthCombinationSet
· Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-1, TS 38.101-2 and TS 38.101-3
· supportedBandwidthUL/ supportedBandwidthDL
· Indicates maximum UL/DL channel bandwidth supported for a given SCS that UE supports within a single CC
In additional for intra-band CA, the ca-BandwidthClassUL-NR/ca-BandwidthClassDL-NR also need report.
The new BCS4 shall indicate that for the band combination the UE supports all of the possible combinations of bandwidths based on the bandwidths the UE supports for each band as indicated in the UE capabilities and restricted by the notes in Table 5.3.5-1 in TS 38.101-1 and 38.101-2. Hence there is no detail channel bandwidths information for a given band in the band combination in BCS4. 
If signalling of BCS4 support per band combination, the network only validates
channelBWs-UL/channelBWs-DL for mandatory channel bandwidths
·   channelBWs-UL-v1590/channelBWs-DL-v1590 for 70MHz
  channelBW-90mhz
· supportedBandwidthUL/ supportedBandwidthDL
 to determine which channel bandwidths in the band combination the UE supports. Actually, the signalling are the same with non-CA operation, the UE will support all channel bandwidth as single carrier.
In fact, for a certain band combination, UE doesn’t need to support all channel bandwidth as single carrier. If we don’t consider the practical request and enforce the UE support all channel bandwidth as singe carrier, this will increase more IODT efforts, I think this is not RAN4’s intention.

BCS4 signalling with additional minimum channel bandwidth for each CC in NR band within a band combination was also proposed. It could restrict some channel bandwidths which are less than the minimum channel bandwidth, but still exists some unnecessary channel bandwidth combinations, due to the signalling of additional minimum channel bandwidth for each CC and the supportedBandwidthUL/ supportedBandwidthDL just cut off the unwanted channel bandwidth at both ends. But it doesn’t allow UE to report some channel bandwidths that it doesn’t support among all channel bandwidth as singe carrier.
Especially for intra-band CA, these two kinds of methods will cause some invalid channel bandwidth combinations. 

As an example for CA_n40B, UE by signalling
· channelBWs-UL/channelBWs-DL reports supporting 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 50MHz, 60MHz and 80MHz for single carrier

· channelBWs-UL-v1590/channelBWs-DL-v1590 reports supporting 70MHz for single carrier
· supportedBandwidthCombinationSet reports BCS4

· supportedBandwidthUL/ supportedBandwidthDL indicates the maximum channel bandwidth is 80MHz per CC
· ca-BandwidthClassUL-NR reports class A
· ca-BandwidthClassDL-NR reports class B
Therefore, CA_n40B will support 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 50MHz, 60MHz, 70MHz and 80MHz channel bandwidths on each CC, list them into current RAN4 table format as Table 2-1:
Table 2-1 BCS4 for CA_n40B
	NR CA Configuration
	Uplink Configurations
	Channel bandwidths for carrier

(MHz)
	Channel bandwidths for carrier

(MHz)
	Maximum

Aggregated bandwidth
(MHz)
	Bandwidth combination set

	CA_n40B
	-
	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80
	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80
	
	4


Since class B only allows 100MHz maximum aggregated bandwidth, that is, the channel bandwidth combination of 80MHz+{25, 30, 40, 50, 60, 70}MHz, 70MHz +{40, 50, 60}MHz and 60MHz+50MHz will be invalid, and will cause confusion.

To avoid the invalid channel bandwidth combination and don’t increase more IODT efforts, one new signalling in IE FeatureSetDownlinkPerCC could be introduced to make UE report the channel bandwidths it can support by bitmap on one carrier of a band of a band combination, i.e., channelBWs-UL-ca/channelBWs-DL-ca. And absence of the signalling for a CC means that the UE supports all channel bandwidths in this CC as singe carrier operation. Like this, not only do we not need to list the bandwidth combination required by the operator in the RAN4 specification, but we also allow the UE to report the channel bandwidths actually requested by the operator.
Proposal 1: introduce a new UE signalling with BCS4 in IE FeatureSetDownlinkPerCC, i.e., channelBWs-UL-ca/channelBWs-DL-ca. The signalling allows UE report the channel bandwidths it can support by bitmap on one carrier of a band of a band combination, and absence of the signalling for a CC means that the UE supports all channel bandwidths in this CC as singe carrier operation.
Proposal 2: sent LS to RAN2 to ask introduce the new signalling as the annex.
3. Conclusion

In this contribution, to enable BCS4 support, we proposed:
Proposal 1: introduce a new UE signalling with BCS4 in IE FeatureSetDownlinkPerCC, i.e., channelBWs-UL-ca/channelBWs-DL-ca. The signalling allows UE report the channel bandwidths it supports by bitmap on one carrier of a band of a band combination, and absence of the signalling for a CC means that the UE supports all channel bandwidths in this CC as singe carrier operation.
Proposal 2: sent LS to RAN2 to ask introduce the new signalling as the annex.
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1. Overall Description:

RAN4 agreed to introduce BCS 4 for SUL, inter-band and intra-band NR-CA to replace introducing new BCS tables into RAN4 specifications anymore. The intention of BCS4 is to indicate that the UE supports all of the possible combinations of bandwidths for the band combination based on the bandwidths the UE supports for each band as indicated in the UE capabilities and restricted by the notes in Table 5.3.5-1 in 38-101-1. 

Therefore, in the following manner by combining an existing signalling mechanism as well as introducing one new UE capability (could refer to as channelBWs-UL-ca/channelBWs-DL-ca in IE FeatureSetDownlinkPerCC) to indicate supported CBW per CC within a band combination optionally, absence of the signalling for a CC means that the UE supports all channel bandwidths in this CC as singe carrier operation.
2. Actions:

To RAN2: RAN WG4 respectfully asks RAN WG2 to take above information into account for the signalling implementation
3. Date of Next RAN4 Meetings:
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