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[bookmark: OLE_LINK4]Introduction
The WID [1] Introduction of bandwidth combination set 4 (BCS4) for NR was approved in RAN #90e meeting. The objectives of this work item are listed below:
1) [bookmark: _Hlk58440727]Introduce BCS 4 for SUL, inter-band and intra-band NR-CA, which 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 38-101-1,  and the maximum bandwidth for the band in the band combination as indicated in the UE capabilities. The BCS table does not need to fill in the channel bandwidths for BCS4 for new band combinations.

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.
· Other methods are not precluded

2) Ensure that all required analysis including MSD, etc. be performed for BCS4 for every existing band combination configuration (up to 3 bands)

It need to be studied further whether MPR/A-MPR is needed to be included in this WI.

Firstly, RAN4 need to evaluate these three candidate methods and specify the most suitable method to enable BCS4 support. Secondly, RAN4 need to identify and analysis the impact of specification when RAN4 specify the BCS4 for every existing band combination configuration. In this paper, we’d like to discuss these issues generally.
Discussion
The cons and pros for the candidate methods
The candidate methods are listed above in objective one. 
· 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.
The original idea of first bullet can be found in the contribution [2]. There is no need to introduce new UE capability. Thus, we don’t need to consider the NBC issue and UE can report BCS4 using release independent method.
For the second and third methods, they have the same characteristic that a new capability “minimum channel bandwidth for each CC in NR band within a band combination” need to be introduced. Therefore, we need to evaluate whether to introduce a new capability “minimum channel bandwidth for each CC in NR band within a band combination”. The pros and cons are listed below.
	Candidate methods
	Pros
	Cons

	1) Signalling of BCS4 support per band combination
	1) To simplify the BS scheduling without considering BCS’s information.
2) UE can report BCS4 using release independent method
3) Minimum the spec’s impact on other WG
4) There is no need to introduce a new UE capability
5) There is no NBC issue.
	1) It may increase the IoD test, but there is no assessment of how much impact this will have. It may be out of the 3GPP’s scope.

	2) BCS4 signalling with additional minimum channel bandwidth for each CC in NR band within a band combination
	1) To ease concern on more IODT efforts.
2) To abandon the smaller or minimum channel bandwidth in the band combinations
	1) Increase the additional IE overhead which is unnecessary.
2) Increase the complexity of NW scheduling
3) It’s against the RAN4’s assumption that the 5MHz/10MHz are supported by default for all the band combinations. It may have an impact on the current IMD exceptions when “minimum channel bandwidth” > 10MHz
4) Based on the RANP WF [3], all bandwidths listed in TS 38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory including 5/10MHz. It doesn’t make sense to abandon them in the band combinations.
5) There is no demand to abandon smaller or minimum channel bandwidth for band combinations in current spec and market. It’s observed that all the band combinations include minimum channel bandwidth for each band.
6) UE can only report BCS4 from Rel-17 due to the introduction of new capability without release independent method.
7) BWP is an important characteristic for 5G. If the minimum channel bandwidth can’t be supported for per band per band combination, NW can’t configure the smaller BWP flexibly for the combination to save UE power
8) For example, it’s assumed that operator has only 5MHz BW in band n1. One UE only support 15MHz~30MHz CBW in band n1 for CA_n1-n78. That means NW can’t configure this band combination CA_n1-n78 for the UE, even if it can access a 5MHz NW in single band n1. It isn’t the purpose that we introduce BCS4.

	3) 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
	
	



According to the analysis above, we can choose the first candidate method (original BCS4 method) without “minimum channel bandwidth” capability.
Proposal 1: The first candidate method (original BCS4 method) without “minimum channel bandwidth” capability can be chosen by RAN4.
The impact of specification
Because BCS4 means all kinds of the channel bandwidth are supported for SUL band combination/inter-band/intra-band CA, the bandwidth-specific requirements should be checked.
1) Inter-band CA
The band combination configuration and Reference sensitivity exceptions due to UL harmonic interference and cross band isolation for CA were specified based on channel bandwidth, so the following clause should be checked in TS 38.101-1.
5.5A.3	Configurations for inter-band CA
7.3A.4	Reference sensitivity exceptions due to UL harmonic interference for CA
7.3A.6	Reference sensitivity exceptions due to cross band isolation for CA
If the “minimum channel bandwidth” for per CC per band combination is introduced, maybe 7.3A.5 (Reference sensitivity exceptions due to intermodulation interference due to 2UL CA) should also be checked.
2) Intra-band CA
Since the MPR requirements for UL intra-band CA were specified with bandwidth-agnostic, we may not review the MPR requirements for CA. However, the band combination configuration, UE additional maximum output power reduction and Reference sensitivity for intra-band CA are specified based on the channel bandwidth, so the following clause should be checked in TS 38.101-1.
5.5A.1	Configurations for intra-band contiguous CA
5.5A.2	Configurations for intra-band non-contiguous CA
6.2A.3	UE additional maximum output power reduction for CA
7.3A.2.2	Reference sensitivity power level for Intra-band non-contiguous CA
Currently, BCS is used for intra-band ENDC. Furthermore, it is easy to introduce new BCS for intra-band CA. For some of the intra-band CA, the maximum aggregated bandwidth may exceed the frequency range of the band, such as CA_n7B_BCS4, CA_n1B_BCS4 and so on. For CA_n48B_BCS4, it may have regulatory risk when transmitting larger BW. In order to reduce the unnecessary work for AMPR/REFSENS, maybe RAN4 can consider not to introduce BCS4 for all the intra-band CA band combinations.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Observation 1: In order to reduce the unnecessary work for AMPR/REFSENS, RAN4 can consider not to introduce BCS4 for all the intra-band CA band combinations temporarily.
3) SUL band combinations
The band combination configuration and Reference sensitivity for SUL band combination were specified based on channel bandwidth, so the following clause should be checked in TS 38.101-1.
[bookmark: _Toc45888064][bookmark: _Toc45888663]5.5C	Configurations for SUL
7.3C	Reference sensitivity for SUL
Observation 2: When RAN4 introduce BCS4, the impact of specification listed above can be considered for inter-band CA and SUL band combinations.
How to indicate BCS4 in 38.101-1
Since BCS4 is different from the other BCSs, RAN4 need to consider how to indicate BCS4 in the band combination configurations. There are some options to indicate BCS4 in 38.101-1.
Option 1: Referring to the draft CR [4], one statement can be introduced on top of the band combination configurations to allow all the band combinations to use BCS4.
Option 2: BCS4 can be indicated in the configuration table for each band combinations based on operators’ request as below for example from Rel-17.
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set
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Other solutions are not precluded.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Observation 3: RAN4 need to consider how to indicate BCS4 in the band combination configurations according to option 1, option 2 or other solutions.
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK58]Urgency for introduction of BCS4
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]From the perspective of standards and industry, it’s very important to introduce BCS4 as soon as possible. Otherwise, operators may have to request more and more new BCS and define them into specifications using the traditional way. One of the purposes for introduction of BCS4 is to converge the standard instead of specifying different BCSs to separate the standard. The longer we discuss introduction of BCS4, the more risk will be brought for both RAN4 and industry. It’s very hard to stand the uncertainty for introduction of BCS4.
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Observation 4: From the perspective of standards and industry, it’s very important to introduce BCS4 as soon as possible.
Conclusion
Based on the analysis and discussion, the proposal and observations are shown below.
Proposal 1: The first candidate method (original BCS4 method) without “minimum channel bandwidth” capability can be chosen by RAN4.
Observation 1: In order to reduce the unnecessary work for AMPR/REFSENS, RAN4 can consider not to introduce BCS4 for all the intra-band CA band combinations temporarily.
Observation 2: When RAN4 introduce BCS4, the impact of specification listed above can be considered for inter-band CA and SUL band combinations.
Observation 3: RAN4 need to consider how to indicate BCS4 in the band combination configurations according to option 1, option 2 or other solutions.
Observation 4: From the perspective of standards and industry, it’s very important to introduce BCS4 as soon as possible.
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