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1	Introduction 

In the need of supporting more than 1GHz contiguous spectrum in certain FR2 band which has been made available in US [1], in RAN #91-e meeting, an objective of introducing new FR2 CA BW classes and the related Rx requirements to support contiguous downlink aggregated channel BW up to 1600 MHz was approved to be included in the Rel-17 WID on further enhancements of NR RF requirements for frequency range 2 [2]. In RAN4 #99-e meeting, it was first agreed to introduce 4 new CA BW classes R, S, T, and U in fallback group 2 (FBG2) to support aggregated channel BW up to 1600 MHz [3]. However, in consideration of the backward compatibility with the existing FR2 cells at 100 MHz in fallback group 3 (FBG3), in past few RAN4 meetings, there have been several variants of new FR2 CA BW classes proposed based on the combinations of 100MHz cells and 200MHz cells to support aggregated channel BW up to 1600 MHz or more [4-8], among which the proposal for introducing 11 new CA BW classes (R2 – R12) in the new fallback group 5 (FBG5) was agreed in RAN4 #103-e meeting [9]. The newly introduced CA BW classes in FBG5 though with the merits of providing the most flexibility in combining the 100MHz and 200MHz cells as well as having the prescience for future aggregated BW extension up to 2400 MHz, it also has a potential issue when UE’s maximum aggregated BW is less than the CA BW class upper BW limit where UE’s full capability in the fallback BW classes can only be indicated by the rather complicated FeatureSet signalling, and that would result in substantial signalling overhead, as has been elaborated in [10]. In this contribution, we discuss the signalling aspect on how UE’s full capability can be indicated to the network for the new FR2 CA BW classes in FBG5 and propose to reuse the existing IE defined for intra-band non-contiguous CA frequency separation classes to indicate UE’s maximum aggregated BW capability to avoid the complicated FeatureSet signalling.              
        
2 Discussion

The virtue of the CA BW classes and the associated fallback rule lies in that UE only needs to signal the highest order CA BW class to indicate its capability for supporting intra-band contiguous CA and all the lower order CA BW classes are expected to be supported without additional signaling, in a way to minimize the signaling overhead. The CA BW class contains two key parameters, number of component carriers (CCs) and aggregated BW range. The number of CCs is associated with UE’s capability on processing the number of carriers simultaneously. The aggregated BW upper limit is normally determined by the number of CCs multiplying the maximum supported BW per carrier assuming all carriers have the same maximum supported BW. Nevertheless, UE’s capability on maximum aggregated BW support can be less than its supported number of CCs multiplying the maximum supported BW per carrier, such as limited by its overall digital processing capacity. In that case, for the traditional CA BW classes where all the cells in the same fallback group have the same maximum BW capability, UE may just signal the next lower order CA BW class to align with its maximum aggregated BW capability. However, for the newly introduced FR2 CA BW classes in FBG5 as shown in Table 2-1, where the aggregated BW can be combined with a mixture of 100MHz cells and 200MHz cells, the signaling of UE’s maximum aggregated BW capability which is less than the CA BW class upper limit to the network could be rather complicated as UE is assumed to have no prior knowledge on how the CA would be configured by the network and UE may have to signal multiple FeatureSets in order to cover all the possible network configurations. Such signaling complexity is further exemplified below. 

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4,5

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	R
	800 MHz < BWChannel_CA ≤ 1000 MHz
	5
	

	S
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	6
	

	T
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	7
	

	U
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	8
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	4
	

	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
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3, 4 and 5 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 200 MHz respectively except for CA bandwidth class A. For CA bandwidth classes of fallback group 5, requirements apply for non-interlaced 100 MHz and 200 MHz channel bandwidths (each CA bandwidth class consisting of up to two contiguous sub-blocks each with component carriers of a single channel bandwidth).
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:	In this release of the specification, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz (this note is not relevant for UE capability parsing by the network).



Table 2-1 The newly introduced FR2 CA BW classes R2 – R12 in FBG5 as highlighted

For example, if a UE can support 12 CCs and each CC’s maximum BW is 200 MHz, whereas its maximum aggregated BW is only 1200 MHz, how would the UE report its capability to the network based on the current signaling design? One possibility is to only signal BW class “R6” as its BW upper range aligns with UE’s maximum aggregated BW capability. However, the 1200MHz on the network side may only be configured with either one of the combinations below,

· 2x100MHz + 5x200MHz (7 CCs)
· 4x100MHz + 4x200MHz (8 CCs)
· 6x100MHz + 3x200MHz (9 CCs)
· 8x100MHz + 2x200MHz (10 CCs)
· 10x100MHz + 1x200MHz (11 CCs)
· 12x100MHz (12 CCs)

As a result, 1200MHz could not be configured to the UE which only signals “R6” despite UE does have the capability to support all other configurations. In order to cover all possible 1200MHz network configurations, the UE would have to signal all above FeatureSets in addition to BW class “R12” and that would seemingly defeat the merit of CA BW classes and its fallback rule. On the other hand, considering that the intended FR2 band supporting FBG5 may be aggregated with FR1 bands where its maximum aggregated BW could also vary depending on FR1 bands’ aggregated BW, the signalling complexity and overhead could be rather overwhelming.

The issue with existing signalling design using FeatureSet is that UE’s maximum aggregated BW capability is only represented by a particular carrier BW configuration under a CA BW class. The UE’s true capability on each supported CC cannot be fully indicated by a single FeatureSet. For instance, in the above example if UE signals R12 and only the FeatureSet of 12x100MHz, the network could misinterpret that UE can only support maximum 100MHz in each of the 12 CCs. But UE’s capability for each CC can actually be 200 MHz.

To mitigate this issue, in RAN4 #104-e meeting we had proposed to introduce a new IE maxaggregatedBW to indicate UE’s maximum aggregated BW capability which would be independent from UE’s per CC BW capability [11]. On the other hand, we also realize that the existing IE such as intraBandFreqSeparationDL defined for intra-band non-contiguous CA frequency separation classes can potentially be reused to indicate UE’s maximum aggregated BW capability for contiguous CA as well based on the following observations:

Observation 1: The differentiation between contiguous CA and non-contiguous is that when the adjacent carrier spacing is larger than nominal channel spacing, it is defined as non-contiguous CA, otherwise, it is a contiguous CA.

Observation 2: When the intra-band non-contiguous CA adjacent carrier spacing is slightly above the nominal channel spacing, its RF characteristics are fundamentally the same as contiguous CA. Therefore, there is no reason why the frequency separation classes cannot be applied for contiguous CA.
   
By reusing the frequency separation classes to indicate UE’s maximum aggregated BW capability for contiguous CA, there can be two potential signalling solutions to avoid the complicated FeatureSet signalling for FBG5 CA BW classes:

Alternative 1

UE only needs to signal CA BW class and intraBandFreqSeparationDL to the network without the FeatureSet indication. The default assumption would be that the intraBandFreqSeparationDL is also supported by the UE for all the lower order CA BW classes where their aggregated BW upper limit is higher than or equal to intraBandFreqSeparationDL. For example, if UE signals R12 with intraBandFreqSeparationDL = V (1600 MHz), the network should understand that the UE can support the following configurations as the highest envelope in each CA BW class:

R12: 8x100MHz + 4x200MHz (follow intraBandFreqSeparationDL)
R11: 6x100MHz + 5x200MHz (follow intraBandFreqSeparationDL)
R10: 4x100MHz + 6x200MHz (follow intraBandFreqSeparationDL)
R9: 2x100MHz + 7x200MHz (follow intraBandFreqSeparationDL)
R8: 8x200MHz (follow intraBandFreqSeparationDL and CA BW class)
R7: 7x200MHz (follow CA BW class)
R6: 6x200MHz (follow CA BW class)
R5: 5x200MHz (follow CA BW class)
R4: 4x200MHz (follow CA BW class)
R3: 3x200MHz (follow CA BW class)
R2: 2x200MHz (follow CA BW class)

On the other hand, if a UE does not follow the default assumption, that is, its maximum aggregated BW for lower order CA BW classes is less than intraBandFreqSeparationDL, the FeatureSet can still be used to indicate its highest envelope in each CA BW class.

Alternative 2
 
The alternative 2 solution is similar to Alternative 1, but without the default assumption that the intraBandFreqSeparationDL is also supported by the UE for all the lower order CA BW classes where their aggregated BW upper limit is higher than or equal to intraBandFreqSeparationDL. The UE would rely on the additional signalling for CA BW class in FBG2 to indicate the maximum number of 200MHz CCs supported. For example, for a UE supports R12 with intraBandFreqSeparationDL = V (1600 MHz), it can further signal the support of CA BW class “U” in FBG2 to indicate that out of the 12 supported CCs, at least 8 individual CC can support 200MHz. As a result, network should recognize that the UE can support the following configurations as the highest envelope in each CA BW class:

R12: 8x100MHz + 4x200MHz (follow intraBandFreqSeparationDL)
R11: 6x100MHz + 5x200MHz (follow intraBandFreqSeparationDL and CA BW class U)
R10: 4x100MHz + 6x200MHz (follow intraBandFreqSeparationDL and CA BW class U)
R9: 2x100MHz + 7x200MHz (follow intraBandFreqSeparationDL and CA BW class U) 
R8: 8x200MHz (follow intraBandFreqSeparationDL, CA BW class R8 and U)
R7: 7x200MHz (follow CA BW class R7 and T)
R6: 6x200MHz (follow CA BW class R6 and S)
R5: 5x200MHz (follow CA BW class R5 and R)
R4: 4x200MHz (follow CA BW class R4 and F)
R3: 3x200MHz (follow CA BW class R3 and E)
R2: 2x200MHz (follow CA BW class R2 and D)

Another example is that if UE supports R12 with intraBandFreqSeparationDL = II (1200 MHz), it can further signal the support of CA BW class “S” to indicate that out of the 12 supported CCs, at least 6 individual CC can support 200MHz. As a result, network should recognize that the UE can support the following configurations as the highest envelope in each CA BW class:

R12: 12x100MHz (follow intraBandFreqSeparationDL)
R11: 10x100MHz + 1x200MHz (follow intraBandFreqSeparationDL and CA BW class S)
R10: 8x100MHz + 2x200MHz (follow intraBandFreqSeparationDL and CA BW class S)
R9: 6x100MHz + 3x200MHz (follow intraBandFreqSeparationDL CA BW class S) 
R8: 4x200MHz + 4x200MHz (follow intraBandFreqSeparationDL CA BW class S)
R7: 2x200MHz + 5x200MHz (follow intraBandFreqSeparationDL CA BW class S)
R6: 6x200MHz (follow intraBandFreqSeparationDL, CA BW class R6 and S)
R5: 5x200MHz (follow CA BW class R5 and R)
R4: 4x200MHz (follow CA BW class R4 and F)
R3: 3x200MHz (follow CA BW class R3 and E)
R2: 2x200MHz (follow CA BW class R2 and D)
               
The Alternative 2 would require CA BW classes R, S, T, and U to be retained, despite they can be covered by R5, R6, R7, and R8 respectively. In that case the newly introduced CA BW classes in FBG5 may need to be renamed from R2 – R12 to V2 – V12 to avoid using the same letter “R” with CA BW class R.

In summary, to avoid the complicated FeatureSet signalling and the signalling overhead to indicate UE’s full capability in the fallback BW classes when UE’s maximum aggregated BW is less than the CA BW class upper BW limit, it is proposed to reuse the existing IE defined for intra-band non-contiguous CA frequency separation classes to indicate UE’s maximum aggregated BW capability which would be independent from UE’s per CC BW capability. The signalling solution can be down-selected from the aforementioned two alternatives.

Proposal 1: Reuse the existing IE defined for intra-band non-contiguous CA frequency separation classes to indicate UE’s maximum aggregated BW capability for intra-band contiguous CA when UE’s maximum aggregated BW is less than the CA BW class upper BW limit.

Proposal 2: The signalling solution is down-selected from the following two alternatives (using R12 in FBG5 and maximum aggregated BW = 1600 MHz as an example):

Alternative 1: 	The following parameters are signalled,
						CA BW Class: R12
						intraBandFreqSeparationDL = V (1600 MHz)
Note: The default assumption is that the intraBandFreqSeparationDL is also supported by the UE for all the lower order CA BW classes (R11, R10, R9, R8) where their aggregated BW upper limit is higher than or equal to intraBandFreqSeparationDL.

Alternative 2: 	The following parameters are signalled,
						CA BW Class: R12
						intraBandFreqSeparationDL = V (1600 MHz)
CA BW Class: U
Note: From the above signalling, network recognizes the UE can support up to 12 CCs and at least 8 out of 12 CCs can support 200 MHz.
 
As repurposing the existing IE defined for intra-band non-contiguous CA frequency separation classes to also be applicable to indicate UE’s maximum aggregated BW capability for intra-band contiguous CA may have certain implication on RAN2 specifications, it is proposed to send an LS to RAN2 upon the consent of Proposal 1 in RAN4. Alongside with this contribution, we also prepare an LS to RAN2 in a separate document [12] in this meeting for consideration.

Proposal 3: Send an LS to RAN2 on RAN4’s agreement to repurpose the existing IE defined for intra-band non-contiguous CA frequency separation classes to also be applicable to indicate UE’s maximum aggregated BW capability for intra-band contiguous CA to avoid the potential FeatureSet signalling overhead for FR2 FBG5 CA BW classes.
  
3	Conclusion

In this contribution, we discuss the signalling aspect on how UE’s full capability can be indicated to the network for the new FR2 CA BW classes in FBG5 and propose to reuse the existing IE defined for intra-band non-contiguous CA frequency separation classes to indicate UE’s maximum aggregated BW capability to avoid the potential FeatureSet signalling overhead.

Proposal 1: Reuse the existing IE defined for intra-band non-contiguous CA frequency separation classes to indicate UE’s maximum aggregated BW capability for intra-band contiguous CA when UE’s maximum aggregated BW is less than the CA BW class upper BW limit.

Proposal 2: The signalling solution is down-selected from the following two alternatives (using R12 in FBG5 and maximum aggregated BW = 1600 MHz as an example):

Alternative 1: 	The following parameters are signalled,
						CA BW Class: R12
						intraBandFreqSeparationDL = V (1600 MHz)
Note: The default assumption is that the intraBandFreqSeparationDL is also supported by the UE for all the lower order CA BW classes (R11, R10, R9, R8) where their aggregated BW upper limit is higher than or equal to intraBandFreqSeparationDL.

Alternative 2: 	The following parameters are signalled,
						CA BW Class: R12
						intraBandFreqSeparationDL = V (1600 MHz)
CA BW Class: U
Note: From the above signalling, network recognizes the UE can support up to 12 CCs and at least 8 out of 12 CCs can support 200 MHz.

Proposal 3: Send an LS to RAN2 on RAN4’s agreement to repurpose the existing IE defined for intra-band non-contiguous CA frequency separation classes to also be applicable to indicate UE’s maximum aggregated BW capability for intra-band contiguous CA to avoid the potential FeatureSet signalling overhead for FR2 FBG5 CA BW classes.
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