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1. Introduction
The WI on introduction of BCS4 (bandwidth combination set 4) in NR was approved in [1] at RAN#90-e meeting and started from RAN4#98-e meeting. The candidate methods for BCS4 were discussed in several contributions [2-6]. The following four candidate options were captured in the WF [6]. 
· Option 1
· R4-2101371 by Xiaomi, 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 single carrier operation. Send LS to RAN2 to ask for introduction of such signalling.
· Option 2
· R4-2102188 by ZTE and R4-2101817 by Huawei, Signalling of BCS4 support per band combination
· Option 3
· R4-2102502 by Qualcomm, RAN4 to agree to use the method of BCS4 signalling with additional minimum channel bandwidth supporting on each CC for the band combination reporting via multiple feature sets. Send an LS to RAN2 to inform above RAN4 agreement. RAN2 to introduce the signalling for minimum channel bandwidth supporting on each CC for the band combination and to allow UE signalling maximum and minimum channel bandwidth supporting on each CC for the same band combination via multiple feature sets
· Option 4
· R4-2100088 by Nokia, introduce a new capability for a UE to indicate the supported minimum CBW per SCS per CC per NR band within a band configuration and allow the UE to indicate supported CBW combinations for a CA configuration via Feature Sets. Send an LS to inform RAN2 of a necessity of the new capability mentioned in Proposal 1 and a relevant feature set(s) to have an equivalent functionality that the traditional BCS has
Per our understanding, option 3 and option 4 are the same. Both of two options are to introduce new signalling for UE to indicate the supported minimum CBW and allow UE to indicate supported CBW combinations via multiple feature set. In this paper, we further discuss above candidate options.
2. Discussion
2.1   What’s the current channel bandwidth signalling?
In [5], the current channel bandwidth signallings for single band or band combination are clarified. That says the signalling of channelBWs-DL/UL is to indicate the supported CBW for each band in single band operation. This signalling could not indicate the supported CBW for each band for CA band combination. 
For CA operation, RAN2 has defined the signalling of SupportedBandwidth in feature set per CC to indicate the DL/UL maximum supported CBW on one carrier of a band in a band combination. While the original BCSs is designed to indicate network the supported CBW for each band for CA band combination by UE. 
Observation 1: The signalling of channelBWs-DL/UL is to indicate the supported CBW for each band in single band operation. 
Observation 2: RAN2 has defined the signalling of SupportedBandwidth in feature set per CC to indicate the DL/UL maximum supported CBW on one carrier of a band in a band combination for CA operation. But there is no specific signalling to indicate the supported CBW for the bands in a band combination except for original BCSs
2.2   Comparison of candidate methods
The candidate options in section 1 can be divided into two categories. The first category is the BCS4 without additional signalling, i.e., option 2. The second category is the BCS4 with additional signalling that includes option 1 and option 3&4.
The intention of introducing BCS4 is to reduce the workload for proponents of CA band combinations. That means with BCS4, there is no need for proponents to request the original BCSs. Consequently, all the CBWs supported by UE in single band operation shall be supported by UE in the band combination. It is a kind of reducing work for management when CA combinations are requested, while the drawback of option 2 is that we will lose the flexibility that UE could have reported the supported CBW in a band combination via original BCSs. The lack of flexibility will lead to the extra IoDT efforts and UE design burden since some of CBW configuration permutations in the band combinations which are not the real demand at all. 
BCS4 with additional signalling methods were proposed to solve the IoDT concerns. Option 1 and option 3&4 have the similar idea that is to introduce the signalling to make sure BCS4 is equivalent with original BCSs. BCS4 with additional signalling options could provide the full flexibility to reduce the IoDT efforts which are equivalent to original BCSs approach (see the detailed example in the appendix). With option 1 and option 3&4, there is no need to allow original BCSs to be created in future which meets the intention of introducing BCS4 to reduce CA/DC workload in RAN4.
Observation 3: BCS4 with additional signalling methods (i.e., option 1 and option 3&4) can provide the full flexibility to reduce the IoDT efforts which are equivalent to original BCSs approach. There is no need to allow original BCSs to be created in future which meets the goal of introducing BCS4 to reduce CA/DC workload in RAN4.
Another discussion point in last meeting was which release the BCS4 will be implemented [8]. The proponents of option 2 mentioned that if the BCS4 is introduced with additional signalling, the old release gNB could not understand the new signalling. Per our understanding, BCS4 is to be introduced in Rel-17 specifications. Even though band combinations are introduced by release independent manner, the old release gNB could not understand the interpretation of BCS4. Therefore, in our point of view, all the candidate options could not make BCS4 work for old release gNB.
Observation 4: All the candidate methods could not make BCS4 work for old release gNB.
We summarize the following table for the comparison on two categories of potential options.
	
	Help to reduce workload
	Flexibility to solve IoDT efforts
	Need for new signalling
	Implement in old release gNB

	Option 2
	Low 
	Low
	No
	No

	Option 1, Option 3 and option 4
	High (no need to request other BCSs)
	High
	Yes, Signalling for Minimum CBW or channelBWs-UL-ca/channelBWs-DL-ca
	No



Proposal 1: RAN4 to agree to introduce signalling for BCS4.
For option 1, option 3&4, in our opinion, the signalling overhead brought by option 3&4 is less than option 1. For example, in some cases, UE doesn’t need to report multiple feature set (i.e., min. channel BW signalling is enough to indicate UE’s supported channel bandwidth configurations). While how to design signalling for option 1 and option 3&4 can be further checked by RAN2. With that, we have the following proposal:
Proposal 2: Send an LS to RAN2 to inform the potential options with additional signalling and ask RAN2 to provide the input on how to design the signalling. 
3. Conclusion
In this paper, we further discuss the candidate methods for introduction of BCS4. We have the following observations and proposals: 
Observation 1: The signalling of channelBWs-DL/UL is to indicate the supported CBW for each band in single band operation. 
Observation 2: RAN2 has defined the signalling of SupportedBandwidth in feature set per CC to indicate the DL/UL maximum supported CBW on one carrier of a band in a band combination for CA operation. But there is no specific signalling to indicate the supported CBW for the bands in a band combination except for original BCSs
Observation 3: BCS4 with additional signalling methods (i.e., option 1 and option 3&4) can provide the full flexibility to reduce the IoDT efforts which are equivalent to original BCSs approach. There is no need to allow original BCSs to be created in future which meets the goal of introducing BCS4 to reduce CA/DC workload in RAN4.
Observation 4: All the candidate methods could not make BCS4 work for old release gNB.
Proposal 1: RAN4 to agree to introduce signalling for BCS4.
Proposal 2: Send an LS to RAN2 to inform the potential options with additional signalling and ask RAN2 to provide the input on how to design the signalling. 
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Appendix (An example for option 3&4)
For example, a UE supports the following CBW on n78 and n79 for 30kHz SCS in single band operation. 
Table 1: UE CBW for single band operation referring to TS38101-1
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	10 MHz
	15 MHz
	20MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	n78
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes4
	Yes
	Yes
	Yes

	n79
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	NOTE 4:	This UE channel bandwidth is optional in this release of the specification.



For option 3&4, UE could report multiple feature sets with different maximum and minimum supported CBWs. For example, in CA_n78_n79, UE reports the following feature sets:
Feature set 1 = 
- n78A, min CBW = 80, max CBW = 100
- n79A, min CBW = 80, max CBW = 80
Feature set 2 = 
- n78A, min CBW = 30, max CBW = 50
- n79A, min CBW = 60, max CBW = 60
With above inform reporting by UE, network could determine that for CA_n78_n79, UE supports the following CBW combinations:
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	10 MHz
	15 MHz
	20MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	CA_n78_
n79
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes4
	Yes
	Yes
	Yes

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	NOTE 4:	This UE channel bandwidth is optional in this release of the specification.



Note that even though the supported CBW configurations CA_n78_n79 in the example are not the case in the current specification, the example might happen in band combinations in future.

