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1	Introduction
RAN#90-e approved a WI to introduce BCS4(Bandwidth Combination Set 4) for NR [1], where there is a following objective.
1) [bookmark: _Hlk58440727]Study and define the most suitable UE capabilities signalling methods to enable BCS4 support after technically confirm what each of the following methods can realize and compare the cost versus the benefits. The candidate methods are:
· 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.
This contribution addresses the above objective.
2	Preconditions for supported CBWs
CBW support for single band operation usage
In terms of RAN2 specification, it is possible for a UE to report each of the supported CBWs for each NR band for single band operation usage regardless of mandatory or optional CBWs. In terms of RAN4 specification, all of the listed CBWs for each NR band in RAN4 specifications are mandatory unless there is an explicit note for each of the NR bands as Table 2-1.
Table 2-1: A part of Table 5.3.5-1 in TS38.101-1
	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

	n77
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes4
	Yes
	Yes4
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes4
	Yes
	Yes4
	Yes

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



Observation 1: Optional CBWs for an NR band are explicitly defined in TS38.101-1. The other CBWs are mandatory for the NR band.
CBW combinations support for CA operation usage
A contribution of [2] in RAN#90-e raised a concern to introduce a new capability for a UE to indicate the minimum CBW per SCS per NR band within a band combination. The contribution of [2] said that “It’s against the RAN4’s assumption that the 5MHz/10MHz is supported by default for all the band combinations and increases the complexity of NW scheduling.”
As far as we know, mandatory or optional discussion for supported CBWs for NR bands for single band operation usage has been discussed on each NR band basis. One of the examples can be seen in [3]. In addition, we have yet to confirm the existence of the documents to have captured the agreement of “It’s against the RAN4’s assumption that the 5MHz/10MHz is supported by default for all the band combinations and increases the complexity of NW scheduling.” mentioned in [2].
Observation 2: There would be no agreement that 5MHz/10MHz CBWs for CA operation usage are supported by default for all the band combinations.
From Observation 1 and 2, it can be considered that supported CBWs for each of the NR bands for single band operation usage are not always the same as those for each of the NR bands within a band configuration.
It would be also self-evident that in order for a UE to support a certain CBW for a band within a band configuration, the UE shall support the CBW for the band for single band operation usage, but the converse is not true. Because requirements as well as test requirements for CA consisting of Band A and Band B are established based on the condition that a UE shall meet all the requirements for both Band A and Band B for single band operation usage. On top of that, the requirements specific to the CA configurations are defined in 38.101-1.
Observation 3: In order for a UE to support a certain CBW for a band within a band configuration, the UE shall support the CBW for the band for single band operation usage, but the converse is not true.
3	Comparison between proposed methods 
Hereafter, following three methods listed in [1] are called as method 1, 2, 3 and 4, respectively. 
· Method 1: Signalling of BCS4 support per band combination and existing maximum channel bandwidths per SCS per CC per NR band within a band combination
· Method 2: BCS4 signalling with existing maximum additional minimum channel bandwidths per SCS per CC per NR band within a band combination 
· Method 3: BCS4 signalling with existing maximum channel bandwidths per SCS per CC per NR band within a band combination and additional UE signalling multiple feature sets with different maximum and minimum channel bandwidth supporting on each CC for the same band combination.
· Method 4: Traditional BCS and existing maximum channel bandwidths per SCS per CC per NR band within a band combination
In this section, we discuss how each of the Methods works for specific cases. Note that specific examples to be discussed on the following assume that a UE support at least following CBWs for n1 and n3, respectively, as single band operation usage. For simplicity, 30kHz and 60kHz SCS cases are omitted.
[bookmark: _Hlk60919091]Table 3.1: Assumed CBWs supported as single band operation usage for specific examples
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	35 MHz
	40 MHz
	45
MHz
	50
MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	



Example 1: Max and Min CBWs for both n1 and n3 in CA_n1A-n3A are limited
Table 3.2: Max and Min CBWs for n1/n3 are limited to 35MHz and 20MHz, respectively
	NR CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	35 MHz
	40 MHz
	45
MHz
	50
MHz

	CA_n1A-n3A
	n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	


Method 1: NOT work
Method 1 does not work for the Example 1. In order for Method 1 to limit Max and Min CBWs for both n1 and n3 in the CA as shown in Table 3.2, each of the bands has to give up supporting 5, 10 and 15 MHz CBWs for single band operation usage. This, however, violates the requirement for both n1 and n3 to have to support 5, 10 and 15MHz CBW for single band operation usage as mandatory. In addition, this decreases opportunities for the UE to roam into other networks where n1 and n3 are available if these bands use 5, 10 or 15 MHz CBW there.
Method 2, 3 and 4: Work
Method 2 works by just signalling the below capability per SCS per band within a band configuration, Method 4 works by specifying a corresponding BCS table in RAN4 specification and signalling it and Method 3 works by setting and signalling the below as a feature set after receiving a UECapabilityEnquiry message. 
- n1A CC, min BW = 20MHz, max BW = 35MHz
- n3A CC, min BW = 20MHz, max BW = 35MHz
Example 2: Further restrict usage of 30MHz from Example 1
Table 3.3: Ex2: Restrict usage of 30MHz from Example 1
	NR CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	35 MHz
	40 MHz
	45
MHz
	50
MHz

	CA_n1A-n3A
	n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	


Method 1 and 2: NOT work
In order for Method 1 to achieve the CBW combinations listed in Table 3.3, each of the bands has to give up supporting 5, 10, 15 and 30MHz CBWs for single band usage. For Method 2, supporting 30MHz CBW for single band operation usage has to be given up. This, however, violates the requirement for both n1 and n3 to have to support 5, 10, 15 and 30 MHz CBW for single band operation usage.
Method 3 and 4: Works
Method 4 works by specifying a corresponding BCS table in RAN4 specification and signalling it. Method 3 works by setting and signalling the below Feature Sets (FS) after receiving a UECapabilityEnquiry message.
Table 3.4: FSs for Method 3(Feature Set with BCS4 + Min CBW)
[image: ] 
From the above examples, a following observation can be obtained.
Observation 4: Method 3(Feature Set with BCS4 + Max and Min CBWs) is the most flexible and can realize what Method 3(traditional BCS + Max CBW) can do. Method 2(BCS4 + Max and Min CBWs) is the next flexible method and Method 1(the original BCS4 + Max CBW) is the least flexible. 
The below Table 3.5 summarizes results of a comparison of three Methods.
Table 3.5: Comparison of each method
[image: ]
With respect to RAN4 workload, Method 2 would be better than Method 1. Because Method 1 is less flexible than Method 1 so that more operators may use Method 4 if Method 1 is adopted. Thus, they need to capture exact channel bandwidth combinations for proposed CA configurations and RAN4 needs to capture them into specifications after checking the contents. 
As another aspect to introduce Method 1(The original BCS4 + Max CBW), how to handle MSDs for new CBWs to be introduced has been discussed. The MSD issue due to new CBWs introduction has been connected to the BCS4 discussion, since Method 1 does not have the same flexibility as Method 4(Traditional BCS + Max CBW) has. The issue, however, will not become BCS4 specific once Method 3 is introduced, because Method 3 has the same flexibility as Method 4 has.
Observation 5: Once Method 3(Feature Set with BCS4 + Max and Min CBWs) is introduced, MSD issues due to the introduction of new CBWs will not become a BCS4 specific issue.
Moreover, an introduction of Method 3(Feature Set with BCS4 + Max and Min CBWs) requires that of Method 2(BCS4 + Max and Min CBWs), since in any case, RAN2 specification has to define Min CBW per SCS per CC per NR band within a band combination.
Observation 6: Introduction of Method 3(Feature Set with BCS4 + Max and Min CBWs) requires that of Method 2(BCS4 + Max and Min CBWs).
Finally, from the Observation 4, 5 and 6, we propose followings. 
Proposal: 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.
Proposal 2: 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.

4	Conclusion
In this contribution, we analysed each method proposed in [1] and obtained six observations and one proposal. 
Observation 1: Optional CBWs for a NR band is explicitly defined in TS38.101-1. The other CBWs are mandatory support for the NR band.
Observation 2: There is no agreement that the 5MHz/10MHz is supported by default for all the band configurations.
Observation 3: In order for a UE to support a certain CBW for a band within a band configuration, the UE shall support the CBW for the band for single band operation, but the converse is not true
Observation 4: Method 3(Feature Set with BCS4 + Max and Min CBWs) is the most flexible and can realize what Method 3(traditional BCS + Max CBW) can do. Method 2(BCS4 + Max and Min CBWs) is the next flexible method and Method 1(the original BCS4 + Max CBW) is the least flexible. 
Observation 5: Once Method 3(Feature Set with BCS4 + Max and Min CBWs) is introduced, MSD issues due to the introduction of new CBWs will not become a BCS4 specific issue.
Observation 6: Introduction of Method 3(Feature Set with BCS4 + Max and Min CBWs) requires that of Method 2(BCS4 + Max and Min CBWs).
Proposal: 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.
Proposal 2: 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.
The draft LS is captured in the Annex in this contribution. 
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Title:	draft LS on a required signalling mechanism for BCS4 
Response to:	
Release:	Release 17
Work Item:	NR_BCS4-Core

Source:	3GPP TSG RAN WG4
To:	RAN2 
Cc:	NONE

Contact Person:	
· Name:	Hiromasa Umeda
· E-mail Address:	hiromasa.umeda@nokia.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	


1. Overall Description:
As was described in RP-202256, RAN4 has been spending a lot of time creating new band combinations since the introduction of those for LTE CA. In addition, unlike LTE, NR has allowed to introduce new channel bandwidths into existing NR bands. This further increases RAN4 workload due to the necessity of creating new Bandwidth Combinations Sets (BCSs). In order to resolve this situation, a method called BCS4 not to create new BCSs was proposed which would allow a UE to indicate that it supports up to all of the channel bandwidths for the band in the band combination, without creating new BCSs. During the discussions some enhancements of the original BCS idea were proposed that could help customize the UE capabilities with BCS4.
With respect to BCS4 and its enhancements, RAN4 agreed to introduce BCS4 in a following manner by combining an existing signalling mechanism as well as introducing a new UE capability(Hereafter referred to as supportedMinBandwidthDL) that indicates supported minimum CBW per SCS for each NR band within a band combination via supportedMinBandwidthDL. Note that a corresponding capability for UL is also needed.
· For a given SCS, a UE reports
· supported CBW(s) for each NR band as a single band operation if any.
· supported maximum CBW for each NR band within a band combination via 	
· supported minimum CBW for each NR band within the band combination via supportedMinBandwidthDL
· The supported CBW combinations consist of CBWs which satisfy the above three conditions per band. A fixed BCS number such as BCSx, e.g., x=4, common to any band combinations to inform BS that the UE is utilizing the alternative to creating new BCSs. 
In addition, RAN4 agreed that a following mechanism is needed to make the BCS4 to have an equivalent functionality that the original BCS has. Note that a specific example is captured in Annex.
Step 1: gNB requests UE via UECapabilityEnquiry to report Feature set(s) including supported bandwidth combinations for a CA configuration.
Step 2: UE synthesizes the capability container based on UECapabilityEnquiry and generates listed feature sets including supported bandwidth combination.
Step 3: UE signals the above synthesized information (Feature sets) in the UE Capability Information RRC message.
2. Actions:
To: 3GPP TSG RAN WG2.
ACTION: RAN4 respectfully asks RAN2 to take the above information into account to reflect the RAN4 agreements into relevant RAN2 specification(s).

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN4 Meeting #???-e		25th Jan – 5th Feb 2021		               Electronic meeting

4. Annex: A specific example on how BCS4 works
Example: A UE supports CBWs listed in Table 4-1 for each n1 and n3 for single band operation usage. This UE supports only CBWs combinations listed in Table 4-2 for CA_n1A-n3A not with the original BCS but rather BCS4 with a new capability.
Table 4-1: Assumed CBWs supported as single band operation for specific examples
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	35 MHz
	40 MHz
	45
MHz
	50
MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	



Table 4-2 Restrict usage of 5, 10, 15, 30, 40, 45 and 50 MHz CBW for CA_n1A-n3A
	NR CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	35 MHz
	40 MHz
	45
MHz
	50
MHz

	CA_n1A-n3A
	n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	



· 40, 45, 50(only for n3) MHz CBWs within CA_n1A-n3A)_are omitted by signalling supportedBandwidthDL of 35MHz for each of n1 and n3 within the CA configuration.
· 5, 10, 15 MHz CBWs within CA_n1A-n3A_are omitted by signalling supportedMinBandwidthDL of 15MHz for each of n1 and n3 within the CA configuration.
· By setting and signalling the below Feature Sets (FS) after receiving a UECapabilityEnquiry message, a UE can convey the information that it supports only CBW combinations consisting of 20, 25 and 35MHz for each band within the CA configuration.
Table 4-2: Required Feature Sets to realize CBW combinations listed in Table 4-2
[image: ]
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