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1	Introduction 

The new NR-U specific CA BW classes have been introduced in Rel-16 technical specifications TS 38.101-1 [1] according to the agreed CR [2] in RAN #89-e meeting, where the definitions of CA BW classes M, N, and O were still based on the running CR which was technically endorsed over the email discussions after RAN4 #95-e meeting [3] despite the proposed changes on the upper limits of aggregated channel BW in [4] looked to be agreeable in post RAN4 #96-e meeting discussions. Since the uncertainty of the aggregated channel BW upper limits still remains as the numbers were kept in square brackets in the latest technical specifications [1], in this contribution, we propose to finalize the CA BW classes M, N, O aggregated channel BW upper limits based on the numbers rationalized in [4]. On the other hand, we also propose to merge the NR-U CA configurations defined with BW classes G, H, and I into BW classes M, N, and O respectively and remove the Rx requirements associated with CA BW class I.
2	Discussion
2.1	NR-U specific CA BW classes

The NR-U specific CA BW classes M, N, and O have been introduced in order to allow UEs to support aggregated channel BW wider than 20 MHz either by composing multiple 20MHz only carriers or a combination of 20MHz, 40MHz, 60MHz, or 80MHz carriers [5-7]. However, the definition of these CA BW classes have not been finalized as their aggregated channel BW upper limits are still left in square brackets in the latest technical specifications [1].
  
In our view, the range for the aggregated BW should take into account all possible combinations from (20MHz, 40MHz, 60MHz, 80MHz) except for the ranges which can be covered by the existing FR1 CA BW classes. If we combine the NR-U specific CA BW classes currently defined with the existing FR1 CA BW classes to find the coverage for all possible channel BW combinations as shown in Table 2.1-1, we can find that some possible combinations are not covered, such as (60MHz + 60MHz + 80MHz) for 3CC CA.

	BW Class
	Aggregated Channel BW
	No. of CC

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2

	C
	100 MHz < BWChannel_CA ≤ 200 MHz
	

	D
	200 MHz < BWChannel_CA ≤ 300 MHz
	3

	M
	50 MHz < BWChannel_CA ≤ [180] MHz
	

	E
	300 MHz < BWChannel_CA ≤ 400 MHz
	4

	N
	80 MHz < BWChannel_CA ≤ [240] MHz
	

	O
	100 MHz ≤ BWChannel_CA ≤ [300] MHz
	5



Table 2.1-1 CA BW classes to cover all possible NR-U channel BW combinations up to 5 CCs
In order to achieve full coverage of all possible NR-U channel BW combinations, we have proposed to define the aggregated channel BW upper limits for classes M, N, and O to as below in last RAN4 meeting [4]. 

	BW Class
	Aggregated BW
	No. of CC

	M
	50 MHz ≤ BWChannel_CA ≤ 200 MHz
	3

	N
	80 MHz ≤ BWChannel_CA ≤ 300 MHz
	4

	O
	100 MHz ≤ BWChannel_CA ≤ 400 MHz
	5



Table 2.1-2 CA BW classes to cover all possible NR-U channel BW combinations up to 5 CCs

On the other hand, the aggregated channel BW lower limits of classes M and N in current specifications should have the “=” sign added in order to allow UEs to support (20MHz + 20MHz + 10MHz) and (4 x 20MHz) CA combinations.

Lastly, while the proposed aggregated BW upper limits can seal the range gaps between classes M and D and between classes N and E, some combinations are found to belong to two fallback groups which would not be allowed in the current specifications, such as between (80MHz + 80MHz + 60MHz + 20MHz) and (80MHz + 80MHz + 60MHz). To mitigate this issue, it is proposed to add the support of fallback group 3 to BW classes D and E.

Table 2.1-3 summarizes the proposed changes for NR CA BW classes to support NR-U intra-band contiguous CA.

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

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2, 3

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2, 3

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1, 3

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	1, 3

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	2

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	M3
	50 MHz ≤ < BWChannel_CA ≤ [180]200 MHz
	3
	3

	N3
	80 MHz ≤ < BWChannel_CA ≤ [240]300 MHz
	4
	

	O3
	100 MHz ≤ BWChannel_CA ≤ [300]400 MHz
	5
	

	NOTE 1:	BWChannel, max is maximum channel bandwidth supported among all bands in a release
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group
NOTE 3:   This bandwidth class is only applicable to bands identified for use with shared spectrum channel access in Table 5.2-1.



Table 2.1-3 Proposed changes for NR CA BW classes to support NR-U intra-band contiguous CA

Proposal 1: Revise NR CA BW classes definition based on the changes shown in Table 2.1-3 to support NR-U intra-band contiguous CA.


2.2	NR-U intra-band contiguous CA configurations

The following NR-U intra-band contiguous CA configurations have been introduced in the latest technical specifications [1].
 
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	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_n46B
	-
	20, 40, 60
	20, 40
	
	
	
	100
	0

	CA_n46C
	-
	60, 80
	60, 80
	
	
	
	160
	0

	CA_n46D
	-
	60, 80
	80
	80
	
	
	240
	0

	CA_n46E
	-
	80
	80
	80
	80
	
	320
	0

	CA_n46G
	-
	40, 60
	40
	40
	
	
	140
	0

	CA_n46H
	-
	40, 80
	40
	40
	40
	
	200
	0

	CA_n46I
	-
	60
	40
	40
	40
	40
	220
	0

	CA_n46M
	-
	20
	20
	20
	
	
	60
	0

	CA_n46N
	-
	20
	20
	20
	20
	
	80
	0

	CA_n46O
	-
	20
	20
	20
	20
	20
	100
	0



Table 2.2-1 NR-U intra-band contiguous CA configurations and bandwidth combination sets

It is our understanding that the configurations CA_n46G, CA_n46H, and CA_n46I were introduced before the NR-U specific CA BW classes M, N, and O were defined, or we would expect these configurations to be defined with CA_n46M, CA_n46N, CA_n46O respectively. Since now the definitions of the NR-U specific CA BW classes M, N, and O have been materialized and their aggregated channel BW ranges can well cover those of classes G, H, and I respectively, we propose to merge the bandwidth combinations of CA_n46G, CA_n46H, and CA_n46I into CA_n46M, CA_n46N, and CA_n46O as shown in Table 2.2-2. This proposed changes also avoids NR-U intra-band contiguous CA combinations being split into two fallback groups.

	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	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_n46B
	-
	20, 40, 60
	20, 40
	
	
	
	100
	0

	CA_n46C
	-
	60, 80
	60, 80
	
	
	
	160
	0

	CA_n46D
	-
	60, 80
	80
	80
	
	
	240
	0

	CA_n46E
	-
	80
	80
	80
	80
	
	320
	0

	CA_n46G
	-
	40, 60
	40
	40
	
	
	140
	0

	CA_n46H
	-
	40, 80
	40
	40
	40
	
	200
	0

	CA_n46I
	-
	60
	40
	40
	40
	40
	220
	0

	CA_n46M
	-
	20, 40, 60
	20, 40
	20, 40
	
	
	60140
	0

	CA_n46N
	-
	20, 40, 80
	20, 40
	20, 40
	20, 40
	
	80200
	0

	CA_n46O
	-
	20, 60
	20, 40
	20, 40
	20, 40
	20, 40
	100220
	0



Table 2.2-2 Proposed changes for NR-U intra-band contiguous CA configurations

Proposal 2: Merge NR-U CA configurations CA_n46G, CA_n46H, and CA_n46I into CA_n46M, n46N, and n46O respectively as shown in Table 2.2-2. 

2.3	NR-U intra-band contiguous CA Rx requirements

By merging NR-U CA configurations CA_n46G, CA_n46H, and CA_n46I into CA_n46M, CA_n46N, and CA_n46O respectively as proposed in section 2.2, the NR-U intra-band contiguous CA Rx requirements currently specified for BW class I would no longer be needed. Therefore, it is proposed to revise the NR-U intra-band contiguous CA ACS, in-band blocking, and out-of-band blocking requirement tables to as shown below.

Table 7.5F.2-1: ACS for intra-band contiguous shared access CA
	
	
	NR-U CA bandwidth class

	Rx Parameter
	Units
	B
	C
	D
	E
	I
	M
	N
	O

	ACS
	dB
	[24] – 10log10(BWChannel_CA/20)



Table 7.5F.1-2: Test parameters for intra-band contiguous NR-U CA 
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B, C, D, E, I, M, N, O

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	Aggregated power + [24] – 1.5 – 10log10(BWChannel_CA/20) dB

	BWInterferer
	MHz
	20

	FInterferer (offset)
	MHz
	10 + Foffset
/
-10 - Foffset

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4 .

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the carrier closest to the interferer in MHz. The interferer is an NR signal with an SCS equal to that of the closest carrier.
NOTE 3:	The interferer consists of the RMC specified in Annexes A.3.2.2 and A.3.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1. 



 Table 7.6F.2.2-1: In-band blocking parameters for intra-band contiguous shared access CA
	Rx Parameter
	Units 
	Shared access CA bandwidth class

	
	
	B, C, D, E, I, M, N, O

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + aggregated channel bandwidth value below

	
	dB
	9 + 10log(BWChannel_CA/20)

	BWInterferer 
	MHz
	20

	FIoffset, case 1 
	MHz
	30

	FIoffset, case 2 
	MHz
	≥ 50

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.
NOTE 2:	The interferer consists of the Reference measurement channel specified in Annexes A.3.2 and A.3.3 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1



Table 7.6F.3.2-1: Out-of-band blocking parameters for intra-band contiguous shared access CA
	Rx Parameter
	Units 
	Shared access CA bandwidth class

	
	
	B, C, D, E, I, M, N, O

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	REFSENS + CA bandwidth class specific value below

	
	dB
	9

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.



Proposal 3: Remove CA BW class “I” from NR-U DL CA Rx requirements for ACS, in-band blocking, and out-of-band blocking as it can be covered by CA BW class “O”.
3	Conclusion

In this contribution, we propose to finalize the definitions of NR-U specific CA BW classes M, N, and O by updating the aggregated channel BW upper limits. We also propose to merge the NR-U CA configurations defined with BW classes G, H, and I into BW classes M, N, and O respectively and remove the Rx requirements associated with CA BW class I. Proposals are summarized as below,  

Proposal 1: Revise NR CA BW classes definition based on the changes shown in Table 2.1-3 to support NR-U intra-band contiguous CA.

Proposal 2: Merge NR-U CA configurations CA_n46G, CA_n46H, and CA_n46I into CA_n46M, n46N, and n46O respectively as shown in Table 2.2-2.

Proposal 3: Remove CA BW class “I” from NR-U DL CA Rx requirements for ACS, in-band blocking, and out-of-band blocking as it can be covered by CA BW class “O”.
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