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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 will start from RAN4#98-e meeting. One of objectives in this WI is to 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:
· Method 1: Signalling of BCS4 support per band combination
· Method 2: BCS4 signalling with additional minimum channel bandwidth for each CC in NR band within a band combination 
· Method 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.
· Other methods are not precluded
In this paper, we provide our views on the three candidate methods on introduction of BCS4.
2. Discussion
2.1   Channel bandwidth signalling 
Before we go to compare the cost versus the benefits for the three candidate methods, it is necessary to clarify the current channel bandwidth (CBW) signalling for single band operation and CA operation.
For single band operation, RAN2 has defined the signalling of channelBWs-DL/UL to indicate the supported CBW for each band in single band operation. Note that in RAN4 specifications of TS38.101-1/2, most of the CBW configurations for single band operator are mandatory. 

    channelBWs-DL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                      OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                       OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                       OPTIONAL
        }
    }                                                                                   OPTIONAL,
    channelBWs-UL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                      OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                       OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                       OPTIONAL
        }

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. 
SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

FeatureSetDownlinkPerCC ::=         SEQUENCE {
    supportedSubcarrierSpacingDL        SubcarrierSpacing,
    supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}                                                  OPTIONAL,
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                                                           OPTIONAL,
    supportedModulationOrderDL          ModulationOrder                                                         OPTIONAL
}
Except for original BCSs, there is no specific signalling to indicate the supported CBW for the bands in a band combination. The supported CBW configurations for the bands in a band combination are per request from the proponents which means the supported CBW by UE in the single operation shall be supported in the band combination. 
Observation 1: Except for original BCSs, there is no specific signalling to indicate the supported CBW for the bands in a band combination. 
Observation 2: The supported CBW configurations for the bands in a band combination are per request from the proponents which means the supported CBW by UE in the single operation shall be supported in the band combination.
2.2   Comparison of candidate methods
The intention of Method 1 is to reduce the workload for proponents of CA band combinations. That means with Method 1, there is no need for proponents to request the original BCSs and 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 the work when CA combinations are requested, while the drawback of Method 1 is we 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 on the CBW configuration permutations in the band combinations which are not the real demand at all. In the agreed WF of R4-2017843 from RAN4 97-e meeting, it was agreed that to ease the concerns of IoDT efforts when introducing BCS4, RAN4 will allow new BCSs to be created as requested for band combinations. That will lead to more RAN4 workload in which both original BCSs and BCS4 might be requested by proponents.
Observation 3: With Method 1, RAN4 will allow new BCSs to be created as requested for band combinations to ease IoDT efforts. That will lead to more RAN4 workload in which both original BCSs and BCS4 might be requested by proponents.
Method 2 was proposed to solve the IoDT concerns on BCS4 by introducing the additional signalling for minimum CBW on one carrier of a band in a band combination. In addition to maximum CBW signalling, minimum CBW signalling could further flexibly indicate the network supported CBW in a band combination. 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 band combination of CA_n78_n79, if Method 1 is applied , UE has to support all the CBW permutations below the maximum CBW of 100MHz for n78 and n79. While with Method 2, UE could report the additional signalling of supporting minimum CBW e.g., 25MHz for n78. In this case, the supported CBW for  CA_n78_n79 would follow the below table.
Table 2: UE CBW for CA band combination with reporting minimum CBW 
	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.



It can be observed that Method 2 can provide more flexible CBW reporting than Method 1 which can kind of solving the concerns on IoDT efforts. But Method 2 doesn’t work for the case if some of CBWs between maximum and minimum CBW are not supported in a band combination.
Observation 4: Method 2 can provide more flexible CBW reporting than Method 1 which can kind of solving the concerns on IoDT efforts. But Method 2 doesn’t work for the case if some of CBWs between maximum and minimum CBW are not supported in a band combination.
To provide the full flexibility of supporting CBW configuration permutations in a band combination, Method 3 was proposed. In Method 3, the minimum CBW reporting is needed. And the minimum and maximum CBW are reported via multiple feature sets. Note that multiple feature sets have been specified in TS38.331.
The IE FeatureSetCombination is a two-dimensional matrix of FeatureSet entries.
Each FeatureSetsPerBand contains a list of feature sets applicable to the carrier(s) of one band entry of the associated band combination. Across the associated bands, the UE shall support the combination of FeatureSets at the same position in the FeatureSetsPerBand. All FeatureSetsPerBand in one FeatureSetCombination must have the same number of entries.
With Method 3, 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.



We can see that Method 3 could provide the full flexibility to reduce the IoDT efforts which is equivalent to original BCSs approach. Meanwhile, with Method 3, there is no need to allow original BCSs to be created in future which is intention of introducing BCS4 to reduce CA/DC workload in RAN4.
We summarize the following table for the comparison on three candidate methods.
	
	Help to reduce workload
	Flexibility to solve IoDT efforts
	Need for new signalling

	Method 1
	Low (see observation 4)
	Low
	No

	Method 2
	Low (similar as Method 1)
	Medium
	Yes, Signalling for Minimum CBW 

	Method 3
	High
	High
	Yes, Signalling for Minimum CBW



Observation 5: Method 3, i.e., BCS4 signalling with additional minimum channel bandwidth supporting on each carrier via multiple feature sets reporting is the best approach.
Therefore, we have the following proposal:
Proposal 1: 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.
Proposal 2: 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.
3. 	Conclusion
In this paper, we provide the views on the candidate methods for introduction of BCS4 in NR. We have the following observations and proposals: 
Observation 1: Except for original BCSs, there is no specific signalling to indicate the supported CBW for the bands in a band combination. 
Observation 2: The supported CBW configurations for the bands in a band combination are per request from the proponents which means the supported CBW by UE in the single operation shall be supported in the band combination.

Observation 3: With Method 1, RAN4 will allow new BCSs to be created as requested for band combinations to ease IoDT efforts. That will lead to more RAN4 workload in which both original BCSs and BCS4 might be requested by proponents.
Observation 4: Method 2 can provide more flexible CBW reporting than Method 1 which can kind of solving the concerns on IoDT efforts. But Method 2 doesn’t work for the case if some of CBWs between maximum and minimum CBW are not supported in a band combination.
Observation 5: Method 3, i.e., BCS4 signalling with additional minimum channel bandwidth supporting on each carrier via multiple feature sets reporting is the best approach.
Proposal 1: 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.
Proposal 2: 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.
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