[bookmark: _Toc193024528]3GPP TSG-RAN WG2 Meeting #125	R2-2400351
Athens, Greece, February 26 – March 1, 2024	

Source: 			Qualcomm Incorporated
Title: 	Concluding on maximum aggregated BW UE capability
Document for: 	Decision
Agenda Item: 	6.1.3.2
1. Introduction
In this document, we try to conclude on the UE capability signalling of maximum aggregated BW. The remaining issues are related to LSs exchanged with RAN4 [1][2].
CRs based on the discussion in this document is submitted in [3][4][5][6].
2. Discussion
2.1. Maximum number of MIMO layers across CCs
RAN2 requested RAN4 input on the UE capability signalling for the maximum number of MIMO layers across CCs along with aggregated BW capability signalling. In [1], RAN4 suggested not to introduce such signalling as follows.
	Additional MIMO layers increase baseband throughput not RF bandwidth and RAN4 term aggregated bandwidth is applicable for RF bandwidth. From RF perspective, UE’s aggregated MIMO layers capability can’t be always shared between different bands due to the restriction of RF frond end for Tx chain or Rx chain. Therefore, it is not suggested to consider the aggregated MIMO layers capability along with baseband aggregated BW capability. 


We propose RAN2 simply follow RAN4’s guidance.
Proposal 1:	Not to introduce UE capability signalling for the maximum number of MIMO layers across CCs.
2.2. Support for NR-DC
In [1], RAN4 confirmed that the UE capability signalling of maximum aggregated BW for inter-band FR1 CA is applicable to NR-DC as follows.
	From RAN4 perspective, the aggregated BW capability signaling for inter-band FR1 CA with BCS5 can be applicable to NR-DC cases. 


For NR-DC, it is necessary to introduce inter-node coordination between MN and SN as to how the BWs of CCs are shared between them without exceeding the UE capability. This will require additional discussions and design decisions. It is our understanding that there is no market urgency for the support of maximum aggregated BW UE capability signalling in NR-DC settings. We therefore suggest RAN2 complete Uu signalling part of NR-DC support in this meeting.
Proposal 2:	To agree on Uu signalling part of NR-DC support in RAN2#125 meeting. FFS for inter-node coordination.
2.3. Value range of supported aggregated BW
In [1], RAN4 confirmed the aggregated BW capability signalling range for FR1 and FR2 as endorsed by RAN2 so far is sufficient.
	the current list of values should be good enough to cover the permutations of current UE channel bandwidth specified in the RAN4 specifications. It could reserve more spare values for FR1 accommodate other cases if any.
SupportedAggBandwidth-r17 ::=     CHOICE {
    fr1-r17          ENUMERATED {mhz20, mhz30, mhz35, mhz40, mhz50, mhz60, mhz70, mhz80, mhz90, mhz100, mhz110, mhz120, mhz130, mhz140, mhz150, mhz160, mhz180, mhz200, mhz220, mhz230, mhz250, mhz280, mhz290, mhz300, mhz350, mhz400, mhz450, mhz500, mhz600, mhz700, mhz800, spare1},
    fr2-r17          ENUMERATED {mhz200, mhz300, mhz400, mhz500, mhz600, mhz700, mhz800, mhz900, mhz1000, mhz1100, mhz1200, mhz1300, mhz1400, mhz1500, mhz1600, mhz1700, mhz1800, mhz1900, mhz2000, mhz2100, mhz2200, mhz2300, mhz2400, spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1}
}


We do not see a strong need to reserve more spare values for FR1. An extension if needed in the future will most likely be done by introducing new IE because the existing IE will have to be signalled for backward compatibility. In another scenario where we want the UE to signal “invalid” value from the legacy network point of view, then we can use the remaining spare1 bit.
Proposal 3:	Not to reserve additional spare bits to the supported aggregated BW capability signalling range for FR1.
2.4. Calculation of Effective CC BW
To RAN2’s question about the possible way to calculate “effective” CC BW based on SCS, RAN4 provided the following view point [1].
	In the RAN4 discussions it became clear that some implementations have limitations on aggregated baseband bandwidth, and some have limitations on aggregated RF bandwidth, and some may have limitations based on both aggregated baseband channel BW and aggregated RF channel bandwidth. UE can only report either aggregated RF BW or aggregated baseband BW.
The scaling factor of 2 is appropriate for baseband aggregated bandwidth, but not for RF aggregated bandwidth. Also, the factor of 2 for FDD assumed 15 kHz SCS for FDD and 30 kHz for TDD, while the RAN4 specs allow for 15, 30 or 60 kHz SCS for both FDD and TDD FR1 bands. In order to support each of these possibilities with the flexibility allowed in the RAN4 specifications, RAN4 would recommend that uplink and downlink aggregated baseband BW capabilities can be reported separately as follows:
Total FDD BB BW = 2*FDD_BW15 kHz SCS + FDD_BW30 kHz SCS + ½*FDD_BW60 kHz SCS
Total TDD BB BW = 2*TDD_BW15 kHz SCS + TDD_BW30 kHz SCS + ½*TDD_BW60 kHz SCS
Total aggregated BB BW = 2* aggregated BW15 kHz SCS + aggregated BW30 kHz SCS + ½* aggregated _BW60 kHz SCS
Where “aggregated” bandwidth is FDD+TDD. Note the above equation represents total aggregated baseband BW with regards to different SCS assuming the same modulation order and MIMO layer for all carriers.


The first paragraph indicates that the UE, depending on its implementation, should report either RF BW restriction or baseband BW restriction. The second paragraph onwards is about the baseband BW restriction where the “scaling factor” is used to calculate effective CC BWs based on the SCS. The maximum aggregated BW UE capability is then supposed to provide the supported maximum value for the calculated total aggregated BW.
The scaling suggested by RAN4 can be implemented by introducing a new scaling factor scalingFactorSCS taking the value ‘1’ or ‘2’. The vale ‘1’ indicates RF BW restriction (essentially no scaling), and the value ‘2’ indicates baseband BW restriction. And the sum of the CC BWs, i.e. “effective” aggregated BW, in the band combination can be calculated as follows.

wherein
J is the number of aggregated CCs in the band combination
[bookmark: _Hlk158627069]s is the value of scalingFactorSCS

For the j-th CC,

	 is the actual CC bandwidth.
	is the scaling factor and takes the following values.
s, for CC of 15 kHz SCS
1, for CC of 30 kHz SCS
1/s, for CC of 60 kHz SCS
It is our view that the UE implementation may have different RF or baseband restriction for each band combination. It is therefore proposed to introduce the scaling factor scalingFactorSCS per band combination.
Proposal 4:	To introduce the scaling factor for the calculation of effective aggregated BW in the band combination as proposed in this document.
2.5. Applicability to intra-band FR1 CA
RAN2 asked RAN4 whether the maximum aggregated BW UE capabilities can be made applicable to intra-band FR1 CA as well as inter-band FR1 CA [2]. While RAN2 is waiting for RAN4 response, CRs in [3][4][5][6] are drafted with the assumption that the maximum aggregated BW UE capability signalling is generally applied to FR1 CA.
Proposal 5:	To wait for RAN4 response regarding the applicability of maximum aggregated BW UE capability signalling to intra-band FR1 CA.

3. Proposal
Based on the discussion in this document, we made the following proposals. Corresponding CRs are provided in [3][4][5][6].
Proposal 1:	Not to introduce UE capability signalling for the maximum number of MIMO layers across CCs.
Proposal 2:	To agree on Uu signalling part of NR-DC support in RAN2#125 meeting. FFS for inter-node coordination.
Proposal 3:	Not to reserve additional spare bits to the supported aggregated BW capability signalling range for FR1.
Proposal 4:	To introduce the scaling factor for the calculation of effective aggregated BW in the band combination as proposed in this document.
Proposal 5:	To wait for RAN4 response regarding the applicability of maximum aggregated BW UE capability signalling to intra-band FR1 CA.
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