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Introduction
RAN4 has agreed to introduce new FR2 FBG2 CA bandwidth classes R, S, T, U as highlighted below[1]. These bandwidth classes can be early implemented from Rel-15.
Table 5.3A.4-1: CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	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
	


In last RAN2 meeting, the solution to introduce new FR2 CA bandwidth classes (BWC) was discussed according to the LS [1] from RAN4. The opinions were divided among companies and it was agreed to continue the discussion. Besides, the discussion on introducing more new bandwidth classes are still on going in RAN4. It has not been decided which option to go to indicate the new bandwidth classes, through additional BWCs in separate fallback group or through combination of two current BWCs. This will have an impact on RAN2 capability signalling design.
In this paper, we will share our understandings on these issues. 
	Agreements in RAN2#116bis
[037] Continue discussion for solution options for introducing the extended bandwidth class for FR2 CA bandwidth class in FBG2 (early implementation target as Rel-15)
[037] FFS if RAN2 aims to harmonize solution to also include  “dual bandwidth class across FBG” which is under discussion in RAN4


Discussion
In current specification, the CA bandwidth class (BWC) capability defines the aggregated transmission bandwidth configuration and maximum number of CCs supported by UE. The capability is reported for DL/UL separately for each band within a band combination through an ENUMERATED type IE. As can be seen from ASN.1 structure, there is a non-critical extension marker "..." within it.
CA-BandwidthClassNR information element
-- ASN1START
-- TAG-CA-BANDWIDTHCLASSNR-START

CA-BandwidthClassNR ::=             ENUMERATED {a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p, q, ...}

-- TAG-CA-BANDWIDTHCLASSNR-STOP
-- ASN1STOP
In [2], the solution to add the new FR2 bandwidth class enumerations in the legacy field was proposed. In this case, when the new BWCs are supported by UE, one of the new values will be reported for a band. However, this will lead to non-backward compatible issue when the new values cannot be understood by a legacy gNB. As a result, the band combinations with new BWCs as well as the fallback band combinations will be discarded. If UEs have already been upgraded to support new BWC, but the legacy network exists in the field, this would lead to the consequence that previously usable band combinations reported by the UE cannot be enabled by the operator. 
Observation 1: Introduction of new FR2 bandwidth classes shall consider backward compatibility. 
There are several solutions to avoid NBC raised in the previous email discussion [3]. 
Solution 1: Introduce separate capability signalling to indicate support of new BWC (e.g. R, S, T, U) under each BC as Band parameters. When a new bandwidth class is supported and indicated through the new capability signalling, the UE shall also indicate BWC-F in the legacy field which is the highest order of legacy BWC within the same fallback group. In other words, a legacy BWC and a new BWC are reported for a band together. For a legacy gNB, the legacy BWC can be understood to avoid possible NBC issue. For a new gNB, if the new BWC is included, the lower order of BWC within the same fallback group reported in the legacy field can be ignored.
In this case, a legacy gNB can use any supported number of CCs indicated for the band according to its own capability, this is already allowed in the current specification. For example, for a BWC-R band with 5 CCs which indicated as BWC-F in the legacy field at the same time, a legacy gNB supporting only 4 CCs can use any 4 out of the 5CCs reported by UE. 
-- ASN1START
-- TAG-CA-BANDWIDTHCLASSNR-START

CA-BandwidthClassNR-r17 ::=             ENUMERATED {r, s, t, u, ...}

-- TAG-CA-BANDWIDTHCLASSNR-STOP
-- ASN1STOP
This solution does not violate the previous fallback principle, as there is no additional fallback BC reported, and both legacy and new gNBs can use previous fallback procedure to interpret the same BC. The advantage of solution 1 is to have much less signalling overhead as no repeated capabilities need to be report.
Solution 2: The network includes corresponding capability filter (e.g. maxBandwidthRequestedDL/UL) when enquiring UE capability if new BWCs are supported. The UE includes the band combinations with new bandwidth classes (if supported) when corresponding filter is received, otherwise, no new bandwidth class should be reported. In this solution, the current enumerations for maxBandwidthRequestedDL/UL should be extended to include the aggregated bandwidth up to 1600MHz. Besides, to differentiate from the legacy bandwidth classes in FBG3 (i.e. BWC-J/K/L/M), which has the same carrier numbers with new bandwidth classes (i.e. R, S, T, U), the aggregated bandwidth must be included in the new filter by the network.
	
	New gNB
(support/understand new filter)
	Legacy gNB
(not support/understand new filter)

	New UE
 (support new BWCs)
	· New filter included.
· New BWC(s) reported. Legacy BWC(s) can be counted as fallback.
	· Legacy filter included or no filter included.
· Legacy BWC(s) reported. No new BWC should be reported.

	Legacy UE
(not support new BWCs)
	· New filter included.
· Legacy BWC(s) reported.
	· Legacy filter included or no filter included.
· Legacy BWC(s) reported.


Table-1 Inter-operability scenarios 
In this case, for a new UE, when there is handover from a new gNB to a legacy gNB, the capability enquiry procedure should be triggered again, otherwise, the NBC issue still exists if the legacy gNB discards the band combinations with new bandwidth classes. However, it requires an update on legacy gNB to perform some kind of validation to initiate such procedure, e.g. to validate whether a new filter is included or not in UE capability information. Besides, it may bring unnecessary signalling overhead when a legacy UE with a new filter (e.g. a UE camped on a new gNB at first) moved to a legacy gNB, where UE capability reporting is repeated twice.
Overall, we think both solution 1 and solution 2 can be considered. From our perspective, we prefer solution 1 as it has less impact on legacy network and easier to implement for new network, the signalling overhead is also acceptable. In addition this solution may be more future proof considering the latest discussion in RAN4 on introducing a bunch of new BWCs for FR2 bands.  
Proposal 1: To ensure backward compatibility, it is suggested to consider select one of the solution below:
Solution 1: Introduce separate capability signalling to indicate support of new bandwidth classes (e.g. R, S, T, U). 
Solution 2: Introduce a capability filter from the network side indicating new introduced bandwidth classes.
Proposal 2: Considering the future compatibility and signalling overhead, it is recommended to adopt solution 1.
As analysed above, we suggest to adopt solution 1 and the corresponding CRs can be seen in [4][5].
Conclusion
[bookmark: OLE_LINK3]In this contribution, we analyse possible solutions to avoid NBC issue brought by new FR2 bandwidth classes.
Observation 1: Introduction of new FR2 bandwidth classes shall consider backward compatibility. 
Proposal 1: To ensure backward compatibility, it is suggested to consider select one of the solution below:
Solution 1: Introduce separate capability signalling to indicate support of new bandwidth classes (e.g. R, S, T, U). 
Solution 2: Introduce a capability filter from the network side indicating new introduced bandwidth classes.
Proposal 2: Considering the future compatibility and signalling overhead, it is recommended to adopt solution 1.
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