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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.

Generally, RAN4 needs to evaluate these three candidate methods and specifies the most suitable method to enable BCS4 support. In last RAN4 meeting, companies discussed this issue, but there were no conclusions on signalling referring to the WF [2]. In this paper, we’d like to further discuss this issue.
Discussion
The current procedure for bandwidths combinations
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK27][bookmark: OLE_LINK78]Before we jump into these three candidate methods, we need to review the current procedure on how networks determine the CA channel BW combinations capability of UEs. There are some key UE capabilities listed as below referring to TS 38.306.
Table 1 UE capabilities related to channel bandwidth combinations
	No.
	UL
	DL
	Per
	Description

	1
	[bookmark: OLE_LINK23][bookmark: OLE_LINK24]channelBWs-UL
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]channelBWs-DL
	Band
	Indicates for each subcarrier spacing the UE supported channel bandwidths. (bit map)

	2
	[bookmark: OLE_LINK20]supportedBandwidthUL
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]supportedBandwidthDL
	FSPC
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Indicates maximum UL/DL channel bandwidth supported for a given SCS that UE supports within a single CC, which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2.

	3
	supportedBandwidthCombinationSet
	BC
	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4]. For NR SA CA, NR-DC, inter-band (NG)EN-DC without intra-band (NG)EN-DC component and intra-band (NG)EN-DC with additional inter-band NR CA component, the field defines the bandwidth combinations for the NR part of the band combination.



[bookmark: OLE_LINK65][bookmark: OLE_LINK37][bookmark: OLE_LINK38]We can consider CA_n1A-n78A as an example to understand how the networks determine the CA channel BW combinations capability of UEs for this combination. A UE can indicate the supported channel bandwidths using channelBWs-DL. For example, the supported channel bandwidths for a UE are highlighted as the following table.
Table 2 the supported channel bandwidths with highlight for a UE
	NR band / SCS / UE Channel bandwidth

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

	[bookmark: _Hlk67909251]n1
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



[bookmark: OLE_LINK47][bookmark: OLE_LINK68][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK69][bookmark: OLE_LINK70]A UE can also indicate maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC using supportedBandwidthDL. For the example, the maximum DL channel bandwidths for each CC are shown below.
Table 3 The maximum DL channel bandwidth supported for a UE
	Each CC
	The maximum DL channel bandwidth supported for a UE

	[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Band n1A
	20MHz

	Band n78A
	100MHz



[bookmark: OLE_LINK61][bookmark: OLE_LINK62]A UE can also indicate supported bandwidth combination for the band combination set using supportedBandwidthDL. For example, BCS0 and BCS1 are supported by UE with highlight as shown below.
Table 4 supported bandwidth combination for the band combination set
	NR CA configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set
	Does UE support

	
	
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	
	

	CA_n1A-n78A
	n1
	5
	10
	15
	20
	
	
	
	
	
	
	
	
	
	0
	Yes

	
	n78
	
	10
	15
	20
	
	
	40
	50
	60
	
	80
	90
	100
	
	

	
	n1
	5
	10
	15
	20
	25
	30
	40
	50
	
	
	
	
	
	1
	Yes

	
	n78
	
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100
	
	

	
	n1
	5
	10
	15
	20
	25
	30
	40
	
	
	
	
	
	
	2
	

	
	n78
	
	10
	15
	20
	
	
	40
	50
	60
	
	80
	90
	100
	
	



Considering the integrated information from all the capabilities, the networks can decide which channel bandwidth combinations are applied for this UE as below.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]The supported channel bandwidth combinations for CA_n1A-n78A:
n1A: 5, 10, 15, 20 (MHz)
n78A: 10, 15, 20, 25, 30, 40, 50, 60, 80, 100 (MHz)
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK73][bookmark: OLE_LINK74]It’s observed that the supported channel bandwidth combinations for CA_n1A-n78A are restricted by the channelBWs-DL and supportedBandwidthDL, even if BCS1 is supported by this UE. Finally, the maximum DL channel bandwidth for band n1 of CA_n1A-n78A is restricted as 20MHz by supportedBandwidthDL, even if the UE can support 30 MHz for band n1. For this case, even if BCS4 is reported by the UE, it doesn’t change the networks’ determination.
[bookmark: OLE_LINK80][bookmark: OLE_LINK136][bookmark: OLE_LINK137]Observation 1: Based on the current mechanism, the networks mainly determine the CA channel BW combinations capability of UEs by channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL.
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK79][bookmark: OLE_LINK77]Observation 2: The UE still can derive a reasonable capability by reporting the channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL without/with considering BCS capability.
The networks and UE impact after introducing BCS4 concept
From networks perspective, when UE reports BCS4, it means that networks can only consider the UE capabilities channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL regardless of BCS.
[bookmark: OLE_LINK89][bookmark: OLE_LINK138]Observation 3: BCS4 concept can simplify the networks scheduling without considering BCS’s information.
[bookmark: OLE_LINK90][bookmark: OLE_LINK92]From UE perspective, when UE reports BCS4, it doesn’t mean that UEs have to support all kinds of bandwidth combinations listed in Table 5.3.5-1 from TS 38.101-1 for each. UE can still set reasonable capabilities by reporting the channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL. 
[bookmark: OLE_LINK91][bookmark: OLE_LINK139]Observation 4: BCS4 reporting doesn’t mean that UEs have to support all kinds of bandwidth combinations listed in Table 5.3.5-1 from TS 38.101-1 for each band.
[bookmark: OLE_LINK95][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Observation 5: It’s enough to represent UE bandwidths combinations’ capabilities for a band combination by reporting the channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL.
Observation 6: Based on current agreements, UE is also allowed to report other BCSs except for BCS4.
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100]The IoDT concerns were raised by some companies, but these concerns were brought by the increasing channel bandwidths instead of BCS4 concept. It may increase the IoD test, but there is no assessment of how much impact this will have. Besides, IoDT is out of 3GPP scope and it can be addressed using other solutions instead of adding new signalling.
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK140][bookmark: OLE_LINK141]Observation 7: There is no adequate assessment of how much impact this will have for IoD test. Besides, IoDT is out of 3GPP scope and it can be addressed using other solutions instead of adding new signalling.
From standard perspective, companies should take more careful of the bandwidth-specific requirements, such as MSD and AMPR.
[bookmark: OLE_LINK142][bookmark: OLE_LINK143]Proposal 1: There is no big impact on both network and UE’s implementation when BCS4 concept is introduced.
[bookmark: OLE_LINK81]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.
As we discussed in clause 2.2, there is no big impact on both network and UE’s implementation when BCS4 concept is introduced. It’s unnecessary to introduce new UE capabilities for BCS4 concept. Otherwise, UE can only support BCS4 feature from Rel-17 and increase the additional IE overhead which is unnecessary.
[bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK144][bookmark: OLE_LINK145]Observation 8: The following advantages are observed when introducing BCS4 concept without additional capabilities.
1) [bookmark: OLE_LINK116][bookmark: OLE_LINK117]It’s helpful to simplify the BS scheduling without considering BCS’s information.
2) UE can report BCS4 feature using release independent method from Rel-15.
3) It can minimum the spec’s impact on other working group.
4) There is no additional IE overhead.
[bookmark: OLE_LINK148][bookmark: OLE_LINK115]For the second and the third method, a new capability “minimum channel bandwidth for each CC in NR band within a band combination” was proposed to be introduced.
Observation 9: The following disadvantages are observed when introducing BCS4 concept with a new capability “minimum channel bandwidth for each CC in NR band within a band combination”.
1) It increases the additional IE overhead which is unnecessary.
2) It increases the complexity of NW scheduling.
3) It’s against the RAN4’s assumption that the 5MHz/10MHz are supported by default for the band combinations which have IMD exceptions. 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 based on the clause 5.5A.3 from TS 38.101-1.
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) [bookmark: OLE_LINK149][bookmark: OLE_LINK150]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.

According to the analysis above, we can choose the first candidate method (original BCS4 method) without “minimum channel bandwidth” capability.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK101]Proposal 2: The first candidate method (original BCS4 method) without “minimum channel bandwidth” capability can be chosen by RAN4.

Conclusion
Based on the analysis and discussion, the proposal and observations are shown below.
Observation 1: Based on the current mechanism, the networks mainly determine the CA channel BW combinations capability of UEs by channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL.
Observation 2: The UE still can derive a reasonable capability by reporting the channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL without/with considering BCS capability.
Observation 3: BCS4 concept can simplify the networks scheduling without considering BCS’s information.
Observation 4: BCS4 reporting doesn’t mean that UEs have to support all kinds of bandwidth combinations listed in Table 5.3.5-1 from TS 38.101-1 for each band.
Observation 5: It’s enough to represent UE bandwidths combinations’ capabilities for a band combination by reporting the channelBWs-UL, channelBWs-DL, supportedBandwidthUL and supportedBandwidthDL.
Observation 6: Based on current agreements, UE is also allowed to report other BCSs except for BCS4.
Observation 7: There is no adequate assessment of how much impact this will have for IoD test. Besides, IoDT is out of 3GPP scope and it can be addressed using other solutions instead of adding new signalling.
Proposal 1: There is no big impact on both network and UE’s implementation when BCS4 concept is introduced.
Observation 8: The following advantages are observed when introducing BCS4 concept without additional capabilities.
1) It’s helpful to simplify the BS scheduling without considering BCS’s information.
2) UE can report BCS4 feature using release independent method from Rel-15.
3) It can minimum the spec’s impact on other working group.
4) There is no additional IE overhead.
Observation 9: The following disadvantages are observed when introducing BCS4 concept with a new capability “minimum channel bandwidth for each CC in NR band within a band combination”.
1) It increases the additional IE overhead which is unnecessary.
2) It increases the complexity of NW scheduling.
3) It’s against the RAN4’s assumption that the 5MHz/10MHz are supported by default for the band combinations which have IMD exceptions. 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 based on the clause 5.5A.3 from TS 38.101-1.
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.
Proposal 2: The first candidate method (original BCS4 method) without “minimum channel bandwidth” capability can be chosen by RAN4.
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