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1. Introduction
In the last meeting, a LS[1] was received from RAN4 about the newly added Fallback Group 5. In which, the Fallback Group 5 was defined as below:
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	R4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	R5
	500 MHz ≤ BWChannel_CA ≤ 1000 MHz
	5
	

	R6
	600 MHz ≤ BWChannel_CA ≤ 1200 MHz
	6
	

	R7
	700 MHz ≤ BWChannel_CA ≤ 1400 MHz
	7
	

	R8
	800 MHz ≤ BWChannel_CA ≤ 1600 MHz
	8
	

	R9
	900 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	R10
	1000 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	R11
	1100 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	R12
	1200 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	


Furthermore, it also notes that in Rel 17, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz. To indicate this bandwidth limitation, a new element was also recommended to indicate a per band per BC aggregated channel bandwidth for both Uplink and downlink. 
In this paper, we’d like to share our views on this LS.
2. Discussion
In this chapter, we first share our understanding on the newly added Fallback Group 5, then discuss the interoperability and the feasibility of the new element.
2.1 Relationship between FBG 5 and legacy FBGs
According to RAN2’s understanding, the different FBGs are independent and the aggregated channel bandwidth ranges are not overlapped. But the classes in FBG5 are different. Take the R2/R3 of FBG5 and D/E of FBG 2 as an example: 
Table 1: Aggregated bandwidth for each bandwidth class of FBG 2 and FBG 5
	FBG
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	FBG 5
	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2

	
	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3

	FBG 2
	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2

	
	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3




Fig 1: Aggregated bandwidth for each bandwidth class
The <Aggregated channel bandwidth, Number of contiguous CC> of FR2 class D are the same as that of FBG 5 class R2, while the <Aggregated channel bandwidth, Number of contiguous CC> of FR2 class E are the same as FBG 5 class R3 case 1.
Observation 1: The <Aggregated channel bandwidth, Number of contiguous CC> of FBG 2 bandwidth classes are covered by that of FBG 5 bandwidth classes.
Similarly, there are also some overlap between the FBG5 bandwidth class and FBG3 bandwidth class.
Table 2: Aggregated bandwidth for each bandwidth class of FBG 3 and FBG 5
	FBG
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	FBG 5
	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2

	
	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3

	FBG 3
	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2

	
	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3






Fig 2: Aggregated bandwidth for each bandwidth class
Observation 2: The <Aggregated channel bandwidth, Number of contiguous CC> of FBG 3 bandwidth classes are partly overlapped with that of FBG 5 bandwidth classes.
Proposal 1: Ask RAN4 to confirm whether the <Aggregated channel bandwidth, Number of contiguous CC> of legacy bandwidth classes are covered by or partly overlapped with that of FBG 5 bandwidth classes.
If the proposal 1 was confirmed, we’d like to further discuss how to report the BC with FBG5 bandwidth class and the BC with legacy bandwidth class. According to the observation 1, for a BC that support bandwidth class in the FBG5, it can also support the corresponding bandwidth class in the FBG 2. Then the problem is whether the BC with FGB2 bandwidth class can be seen as a fallback of a BC with FBG5 bandwidth class. 
For example:
	Assume: BC 1 <BAND X Class R3 > and BC 2 <BAND X Class E> The network which support FBG5 feature can derive that the UE support BC2 from the BC1 capability reporting. 
Question: Whether the UE need to report both BC 1 and BC2?


Proposal 2: Ask RAN4 to confirm whether the BC with FGB2 bandwidth class can be seen as a fallback of a BC with FBG5 bandwidth class.
Furthermore, with the introduction of the FBG 5, it’s also need to discuss the inter-operability between the (old/new) UE and (new/old) gNB as in the Table 2.
Table 2 Inter-operability Analysis
	
	Old UE
	New UE

	Old gNB
	Case 1: As legacy no interoperability issue
	Case 2: Old gNB can’t understand FBG 5

	New gNB
	Case 3: The UE will not report FBG5, the new gNB take the legacy way. So no interoperability issue
	Case 4: For the BC with no FBG 5, the new gNB take the legacy way. So no interoperability issue


	1． Old UE/Old gNB: not implement bandwidth classes in the FBG 5
2． New UE/New gNB: support bandwidth classes in the FBG 5



From the Table 2, we can see that the old gNB can’t understand FBG 5 class (e.g. when the UE get the UE capability from a R17 gNB then handover to an old gNB, or when the UE move to an old gNB at idle state and then establish connection with old gNB), then the network may ignore this BC.

Observation 3: The old gNB can’t understand FBG 5 bandwidth class (e.g. when the UE get the UE capability from a R17 gNB then handover to an old gNB, or when the UE move to an old gNB at idle state and then establish connection with old gNB), then the network may ignore the BC with FBG 5 bandwidth class.

According to the LS, RAN4 will defer to RAN2’s decision on whether to introduce an IE as proposed above depending on feasibility and benefit, for better understanding, it’s suggested to include the above observation to the Reply LS.
Proposal 3: Include the observation 3 in the Reply LS to RAN4
2.2 Per band per BC aggregated channel bandwidth Indication
According to the Ran4 LS, the newly added Per band per BC aggregated channel bandwidth Indication would be added for both UL and DL
	1) The new IE applies to intra-band carrier contiguous aggregation as well as an intra-band contiguous carrier aggregation component within an inter-band carrier aggregation. The new IE is separately applicable to each, UL, and DL.
2) When signalled for an explicitly supported BW class in FBG5:
a. It is in addition to the existing signaling for that BW class. 
b. The network understands that the UE has independent maximum limits on number of CCs and max. aggregated bandwidth for that band. For example, when the UE indicates explicit support for R12 and a max. aggregated bandwidth of 1600Mhz using the new IE, it not only means the max. aggregated bandwidth 1600MHz applies to 12 CCs, but also applies to lower order classes, i.e., 11CCs, 10CCs, and so on.
c. The IE conveys the max. aggregated bandwidth value for each FeatureSetListPerUplink(Downlink)CC. for example, in each FeatureSetUplink(Downlink). 
d. A band may have multiple values of max. aggregated bandwidth associated with different FeatureSetListPerUplink(Downlink)CC.


The recommended signaling structure by RAN4 is as below: 
Note: The below figure is for FeatureSetDownlink Structure, the UL can take the same way



Fig 3: Newly added maximum bandwidth per band per BC
About this newly added parameter, generally there are 2 issues need to be further discussed in RAN2
(1) Whether there are any inter-operability issue?
(2) How about the efficiency of introducing this new elements?
For the issue 1, Ran4’s understanding in the LS about this parameter is as below:
	The new IE is optional for a UE to signal. When the IE is not signalled, legacy operation is assumed:
· The UE can still communicate to the network the maximum aggregated BW limitation using the existing framework.
· The network understands that the UE supports the legacy fallback BW classes.


From RAN2 side, at least the below issues need to be clarified:
(1) What does absence of this IE mean for the FBG 5 in R17? Does it mean 1600 M or no additional maximum bandwidth limitation? If absence means no limitation, does it mean that for the bandwidth class R9~R12, it shall always report this new IE?
(2) What about the value range of the new IE, e.g. whether it can be larger than 1600 M?
Proposal 4: Before any discussion on the inter-operability, RAN2 to ask RAN4 to clarify the below issues about the new IE.
· What does absence of this IE mean for the FBG 5 in R17? Does it mean 1600 M or no additional maximum bandwidth limitation? If absence means no limitation, does it mean that for the bandwidth class R9~R12, it shall always report this new IE?
· What about the value range of the new IE, e.g. whether it can be larger than 1600 M?
From the efficiency aspect, with introduction of this newly added parameter, both the size of FeatureSetUplink(Downlink) list would be increased as shown in Fig 4: in which we assume FSD1~FSD x are affected by the newly added IE.




Fig 4: New IE impact on the FSD list
Based on the Fig4, we can see that the size of FeatureSetUplink(Downlink) list would be increased especially when multiple maximum values were introduced.
Proposal 5: About the efficiency, RAN2 to indicate RAN4 that the size of FeatureSetUplink(Downlink) list may be increased significantly especially when multiple maximum values were introduced.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: The <Aggregated channel bandwidth, Number of contiguous CC> of FBG 2 bandwidth classes are covered by that of FBG 5 bandwidth classes.
Observation 2: The <Aggregated channel bandwidth, Number of contiguous CC> of FBG 3 bandwidth classes are partly overlapped with that of FBG 5 bandwidth classes.
Proposal 1: Ask RAN4 to confirm whether the <Aggregated channel bandwidth, Number of contiguous CC> of legacy bandwidth classes are covered by or partly overlapped with that of FBG 5 bandwidth classes.
Proposal 2: Ask RAN4 to confirm whether the BC with FGB2 bandwidth class can be seen as a fallback of a BC with FBG5 bandwidth class.
Observation 3: The old gNB can’t understand FBG 5 bandwidth class (e.g. when the UE get the UE capabiliy from a R17 gNB then handover to an old gNB, or when the UE move to an old gNB at idle state and then establish connection with old gNB), then the network may ignore the BC with FBG 5 bandwidth class.
Proposal 3: Include the observation 3 in the Reply LS to RAN4
[bookmark: _GoBack]Proposal 4: Before any discussion on the inter-operability, RAN2 to ask RAN4 to clarify the below issues about the new IE.
· What does absence of this IE mean for the FBG 5 in R17? Does it mean 1600 M or no additional maximum bandwidth limitation? If absence means no limitation, does it mean that for the bandwidth class R9~R12, it shall always report this new IE?
· What about the value range of the new IE, e.g. whether it can be larger than 1600 M?
Proposal 5: About the efficiency, RAN2 to indicate RAN4 that the size of FeatureSetUplink(Downlink) list may be increased significantly especially when multiple maximum values were introduced.
4. Reference
[1] R4-2215160 LS on new contiguous BW classes for legacy networks  RAN4, To: RAN2

Microsoft_Visio___1.vsdx
CC1 200M
CC2 50/100/200M
FBG 2  Class D
CC1 200M
CC2 50/100/200M
FBG 5  Class R2
2 CC
CC1 200M
CC2 200M
FBG 2  Class E
CC1 200M
CC2:200M
FBG 5 Class R3  case 1
3 CC
CC3 50/100/200M
CC3 50/100/200M
CC1 100M
CC2:100M
FBG 5 Class R3  case 2
CC3 100/200M
...FBG 5 Class R3  other cases ...
Same



image2.emf
CC1100M CC2 100M

 FBG 3 Class D Case 2

CC1 100M CC2 100M

FBG 5  Class R2 Case 1

2 CC

CC1100M CC2 50M

 FBG 3 Class D Case 1

FBG 5  Class R2 other cases...

Same


Microsoft_Visio___2.vsdx
CC1100M
CC2 100M
FBG 3 Class D Case 2
CC1 100M
CC2 100M
FBG 5  Class R2 Case 1
2 CC
CC1100M
CC2 50M
FBG 3 Class D Case 1
FBG 5  Class R2 other cases...
Same



image3.emf
FeatureSetDownlink

featureSetListPerDownlinkCC

FeatureSetDownlinkPerCC-Id

FreqSeparationClass

Size (1..maxNrofServingCells)) 

Newly added: Maximum bandwidth


Microsoft_Visio___3.vsdx
FeatureSetDownlink
featureSetListPerDownlinkCC
FeatureSetDownlinkPerCC-Id
FreqSeparationClass
Size (1..maxNrofServingCells))
Newly added: Maximum bandwidth



image4.emf
FeatureSetDownlink 1 

(FSD1)

FeatureSetDownlink x

 (FSD x)

...

absent New IE

Value 1 

=1000 M

Value  x

=1600 M

...

LegacyFSD 

List

FSD1a FSD1b FSD1n

absent

Value 1 

=1000 M

Value  x

=1600 M

...

FSD Xa FSD Xb FSD Xm

New FSD 

List


Microsoft_Visio___4.vsdx
FeatureSetDownlink 1 (FSD1)
FeatureSetDownlink x
 (FSD x)
...
absent
New IE
Value 1 =1000 M
Value  x
=1600 M
...
LegacyFSD List
FSD1a
FSD1b
FSD1n
absent
Value 1 =1000 M
Value  x
=1600 M
...
FSD Xa
FSD Xb
FSD Xm
New FSD List



image1.emf
CC1 200M CC2 50/100/200M FBG 2  Class D

CC1 200M CC2 50/100/200M FBG 5  Class R2

2 CC

CC1 200M CC2 200M   FBG 2  Class E

CC1 200M CC2:200M FBG 5 Class R3  case 1

3 CC

CC3 50/100/200M

CC3 50/100/200M

CC1 100M CC2:100M FBG 5 Class R3  case 2 CC3 100/200M

...FBG 5 Class R3  other cases ...

Same


