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1. Introduction

In previous meetings, the issue how to capture the maximum aggregated bandwidth (CBW) of intra-band CA with BCS4/5 were discussed. And in last meeting, the method how to choose the maximum aggregated bandwidth (CBW) for intra-band CA was approved in TP [1]. 
[image: image1.png]To guarantee the BCS4/BCSS can cover all the possible bandwidth configurations for intra-band CA, the maximum

aggregated bandwidth chosen for BCS4/BCSS should equal to -

- min{n*max channel bandwidth of each carrier, BWpannei ca of each CA bandwidth class, Maximum frequency
range of each band} for intra-band contiguous CA. .

- min{ n*max channel bandwidth of each carrier, Maximum frequency range of each band - Minimum sub-block
gaps} for intra-band non-contiguous CA. .




At the same time, another issue was raised [2] that the method in the TP can’t apply to the intra-band contiguous CA whose maximum aggregated bandwidth is below the theoretically possible max aggregated CBW.
This contribution will discuss how to handle this issue.
2.  Discussion
As the analysis in [3], the constraint condition for the maximum aggregated bandwidth of FR1 intra-band CA come from the operators’ actual demand, CA bandwidth classes, max channel bandwidth in single carrier and the frequency range of the operating band. 

For intra-band non-contiguous CA:

· When the constraint condition for the maximum aggregated bandwidth is n*maximum channel bandwidth of each carrier, it presents the theoretically possible max aggregated CBW is less than the frequency range of the operating band. The network can configure non-contiguous intra-band CA in anywhere of this band according to the listed CBW of each carrier.
· When the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is maximum frequency range of each band, there need consider some frequency gaps in between NR non-contiguous component carriers. Therefore, operators could configure non-contiguous intra-band CA according to their own request.
Proposal 1: Intra-band non-contiguous CA has not the issue whose maximum aggregated bandwidth is below the theoretically possible max aggregated CBW.
For intra-band contiguous CA:
· When the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is n*maximum channel bandwidth of each carrier, it presents the theoretically possible max aggregated CBW is less than the frequency range of the operating band. The network can configure contiguous intra-band CA in anywhere of this band according to the listed CBW of each carrier.
· When the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is the BWChannel_CA of each CA bandwidth class, it presents the theoretically possible max aggregated CBW is less than the frequency range of the operating band. The network can rule out the invalid bandwidth combination according to the CA bandwidth classes and configure valid contiguous intra-band CA in anywhere of this band.
· When the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is maximum frequency range of each band, there are two cases:
Case1: The theoretically possible max aggregated CBW can equal to the frequency range of the operating band. For example, the frequency range of band n5 and n7 are 25MHz and 70MHz separately, therefore, the theoretically possible max aggregated CBW of CA_n5B and CA_n7B can get to 25MHz and 70MHz separately.
In traditional BCSs, the maximum aggregated bandwidth of CA_n5B and CA_n7B are 20MHz and 50MHz, the corresponding requirements including A-MPR and REFSENs are defined based on the maximum aggregated bandwidth, other transmission emission requirements are defined based on the CA bandwidth classes. Therefore, for this kind of intra-band contiguous CA, the proponent should solve all the issues including the degradation due to larger CBW, if they request BCS4/BCS5 for the intra-band CA. 

In additional, for some intra-band contiguous CA, the UL interference is particularly disruptive to DL receiver, the operators want to use BCS4/BCS5 introduce some other channel bandwidth combination and still keep current maximum aggregated bandwidth for the intra-band contiguous CA. In this situation, the maximum aggregated bandwidth can be defined as the theoretically possible max aggregated CBW and introducing one note as the maximum aggregated bandwidth is XXMHz in Rel-XX, since the maximum aggregated bandwidth defined for BCSx is immutable.
Therefore, there are two ways to resolve the issues for case 1:

· Solution 1: the proponent should solve all the issues including the degradation due to larger CBW, if they request BCS4/BCS5 for the intra-band contiguous CA.

· Solution 2: the maximum aggregated bandwidth should be defined as the theoretically possible max aggregated CBW and it allows to introduce one note as the maximum aggregated bandwidth is XXMHz in Rel-XX.

Case2: The theoretically possible max aggregated CBW must be smaller than the frequency range of the operating band. For example, the theoretically possible max aggregated CBW of CA_n41C is just 190MHz although the frequency range of band n41 is 194MHz, since the channel bandwidth of each carrier is multiple of 5MHz.
For case 2, we can modify the constraint condition as:
· Solution 3: Floor(maximum frequency range of each band/5MHz)*5MHz
Based on above analysis, we can see the issue that the maximum aggregated bandwidth is below the theoretically possible max aggregated CBW will occur only when the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is maximum frequency range of each band. 

Based on above given solutions, from UE perspective, we can introduce some additional restricted condition to resolve the issue that the maximum aggregated bandwidth is below the theoretically possible max aggregated CBW. From network perspective, the issue only occurs when the network can configure intra-band contiguous CA for UE in whole frequency range of the operating band, but the max aggregated CBW supported by the UE is smaller than the theoretically possible max aggregated CBW that is limited by introducing a note in UE Spec. 
In other words, the actual maximum aggregated bandwidth of the UE supported in the band is limited by the note, how does the network know the actual maximum aggregated bandwidth of the UE supported in the band?
In the last meeting, several possible solutions have been suggested, i.e., by multiple FSPC(s) or introducing a new UE capability to report the maximum aggregated bandwidth of intra-band CA per BC.
Method 1: by multiple FSPC(s)

Using the NR CA configuration of CA_n7B for BCS4/BCS5 as an example
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations or single uplink carrier5
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n7B
	CA_n7B
	See n5 channel bandwidths in Table 5.3.5-1 for each carrier2
	
	
	
	70x
	4 and 5

	Note x: the maximum aggregated bandwidth is 50MHz in Rel-XX.


Channel bandwidth of n7 for each carrier as below table:

	n7
	5
	10
	15
	20
	25
	30
	354
	40
	50


If the UE supports 50MHz maximum aggregated bandwidth for CA_n7B for BCS4/BCS5, it needs to report four times supportedBandwidthUL/ supportedBandwidthDL by FSPC:
FSPC1: 
supportedBandwidthUL/ supportedBandwidthDL on CC1: 40 MHz;
supportedBandwidthUL/ supportedBandwidthDL on CC2: 10 MHz;
	CC1
	5,10,15,20,25,30,35,40

	CC2
	5,10


FSPC2: 

supportedBandwidthUL/ supportedBandwidthDL on CC1: 35 MHz;

supportedBandwidthUL/ supportedBandwidthDL on CC2: 15 MHz;
	CC1
	5,10,15,20,25,30,35

	CC2
	5,10, 15


FSPC3: 

supportedBandwidthUL/ supportedBandwidthDL on CC1: 30 MHz;

supportedBandwidthUL/ supportedBandwidthDL on CC2: 20 MHz;
	CC1
	5,10,15,20,25,30

	CC2
	5,10, 15, 20


FSPC4: 

supportedBandwidthUL/ supportedBandwidthDL on CC1: 25 MHz;

supportedBandwidthUL/ supportedBandwidthDL on CC2: 25 MHz;
	CC1
	5,10,15,20, 25

	CC2
	5,10, 15,20, 25


According to the signalling design of supportedBandwidthUL/ supportedBandwidthDL, the signalling overheads multiple FSPC(s) is huge, it can be up to160 bit for indicated four times on UL and DL.
Method 2: introduce new UE capability to report the maximum aggregated bandwidth of intra-band CA per BC
If the UE can report the capability of the maximum aggregated bandwidth of intra-band CA, the network can rule out the invalid bandwidth combination according to the value of the UE reporting. 
Considering the signalling overheads, how to define all possible maximum aggregated bandwidth to report is an important issue. Since FR1 bands have 15CBWs, there will have 39 possible aggregated bandwidth, it needs at least 6bit to cover all possible maximum aggregated bandwidth.
Compared method 1 and method 2, the signalling overheads of method 1 is huge.
Which release the signalling of Method 2 should release independent from need further discuss. If the signalling of Method 2 release independent from Rel-17, what should BCS4 do?
According to traditional BCSs, the network need store the information listed in each of the traditional BCSs and directly understand the supported CBW combinations for the reported band configuration by the UE. I’m not sure whether the network could store the information of the actual maximum aggregated bandwidth indicated in the Note for those intra-band CA.

Method 3: The network could store the information of the actual maximum aggregated bandwidth for BCS 4/5 indicated in the Note for those intra-band CA.
When the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is maximum frequency range of each band, the maximum aggregated bandwidth is smaller than the theoretically possible max aggregated CBW can be resolved by below solutions:

Proposal 2: From the view of UE Spec

· Solution 1: the proponent should solve all the issues including the degradation due to larger CBW, if they request BCS4/BCS5 for the intra-band contiguous CA.

· Solution 2: the maximum aggregated bandwidth should be defined as the theoretically possible max aggregated CBW and it allows to introduce one note as the maximum aggregated bandwidth is XX MHz in Rel-XX.
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations or single uplink carrier5
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n5B
	CA_n5B
	See n5 channel bandwidths in Table 5.3.5-1 for each carrier2
	
	
	
	25x
	4 and 5

	Note x: the maximum aggregated bandwidth is 20MHz in Rel-XX.


Proposal 3: modify the constraint condition for intra-band contiguous CA as 

min{n*max channel bandwidth of each carrier, BWChannel_CA of each CA bandwidth class, floor(Maximum frequency range of each band/5MHz)*5MHz} for intra-band contiguous CA.

Proposal 4: From the network perspective:
· Option1: Introduce new UE capability to report the maximum aggregated bandwidth of intra-band CA per BC.

· Option 2: The network could store the information of the actual maximum aggregated bandwidth for BCS 4/5 indicated in the Note for those intra-band CA.

Proposal 5: if apply Option 1 in proposal 4, which release the new UE capability should be release independent need FFS.
3. Conclusion

In this contribution, we discussed how to resolve the issue that the maximum aggregated bandwidth is smaller than the theoretically possible max aggregated CBW from UE and network perspective separately, when the constraint condition for the maximum aggregated bandwidth of FR1 intra-band contiguous CA is maximum frequency range of each band, and proposed:

Proposal 1: Intra-band non-contiguous CA has not the issue whose maximum aggregated bandwidth is below the theoretically possible max aggregated CBW.
Proposal 2: From the view of UE Spec

· Solution 1: the proponent should solve all the issues including the degradation due to larger CBW, if they request BCS4/BCS5 for the intra-band contiguous CA.

· Solution 2: the maximum aggregated bandwidth should be defined as the theoretically possible max aggregated CBW and it allows to introduce one note as the maximum aggregated bandwidth is XX MHz in Rel-XX.
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations or single uplink carrier5
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n5B
	CA_n5B
	See n5 channel bandwidths in Table 5.3.5-1 for each carrier2
	
	
	
	25x
	4 and 5

	Note x: the maximum aggregated bandwidth is 20MHz in Rel-XX.


Proposal 3: modify the constraint condition for intra-band contiguous CA as 

min{n*max channel bandwidth of each carrier, BWChannel_CA of each CA bandwidth class, floor(Maximum frequency range of each band/5MHz)*5MHz} for intra-band contiguous CA.

Proposal 4: From the network perspective:

· Option1: Introduce new UE capability to report the maximum aggregated bandwidth of intra-band CA per BC.

· Option 2: The network could store the information of the actual maximum aggregated bandwidth for BCS 4/5 indicated in the Note for those intra-band CA.
Proposal 5: if apply Option 1 in proposal 4, which release the new UE capability should be release independent need FFS.
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