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1	Introduction 

RAN4 received an LS from RAN2 on the CA aggregated BW capability signaling by the UE [1] to inform RAN4 on the progress made on the topic of UE signaling the aggregated BW capability per band combinations for both FR1 and FR2 and ask input from RAN4 on some aspects related to this discussion. In this contribution, we provide our views and responses to RAN2’s queries.                                    
2 Discussion

In an effort on saving the UE signaling overhead via the current verbose FeatureSet functionality for indicating UE’s maximum aggregated bandwidth capability in band combinations as initiated by RAN4, RAN2 has introduced new UE capability parameters, supportedAggBW-InterBandCA-FR1-r17 and supportedAggBW-FR2-r17, for maximum UE aggregated bandwidth capability indication in FR1 inter-band CA and FR2 intra-band CA respectively. In chorus RAN2 also discussed on introducing aggregated MIMO layers capability with the similar intention as new aggregated bandwidth capability to allow the UE to report a maximum number of MIMO layers it can support across the carriers for the band combination. But there was no consensus in RAN2 on this aggregated MIMO capability. As a result, RAN2 sent an LS to RAN4 to seek for RAN4 input on the aggregated MIMO layer signaling to go along with aggregated BW capability signaling and other associated aspects.     

Query 1: RAN4 input on the aggregated MIMO layer signaling to go along with aggregated BW capability signaling.

In our view, the aggregated MIMO layer signaling is as beneficial as aggregated BW capability in reducing the UE signaling overhead. For example, if a UE supports a 4-carrier CA where each carrier could have 4x4 MIMO individually, the total number of MIMO layers for the combination would add up as 4 CCs x 4 layers/CC = 16 layers. However, the UE may only be capable of supporting maximum of 12 layers due to the constraints in either transceiver or baseband or both. Without the new aggregated MIMO layer signaling, UE would have to rely on the expansive FeatureSet functionality to indicate the maximum MIMO layer capability where all the following permutations would need to be signaled,

{CC1 CC2 CC3 CC4} = {4 4 2 2}
{CC1 CC2 CC3 CC4} = {2 4 4 2}
{CC1 CC2 CC3 CC4} = {2 2 4 4}
{CC1 CC2 CC3 CC4} = {4 2 2 4}
{CC1 CC2 CC3 CC4} = {4 2 4 2} 
{CC1 CC2 CC3 CC4} = {2 4 2 4}

It can be expected that the number of permutation would grow exponentially which could result in substantial signaling overhead. On the other hand, if the new aggregated MIMO layer signaling is available, UE only needs to signal 4x4 MIMO for all carriers together with aggregated MIMO layer = 12 which would be a huge saving in signaling overhead.

The aggregated MIMO layer can be signaled independently with the aggregated BW capability for the same band combination. Though there could be certain interdependency between the two capabilities in certain UE implementation, in our view, such interdependency can be handled by UE internally without the need of further signaling functionality to couple the two parameters.      

RAN4 response to Query 1: The aggregated MIMO layer signaling is as beneficial as aggregated BW capability in reducing the UE signaling overhead. It can be indicated independently with the aggregated BW capability for the same band combination.

Query 2: Is the aggregated BW capability signaling for inter-band FR1 CA with BCS5 also applicable to NR-DC cases?

As NR-DC likely would have the same bandwidth configurations as its inter-band CA counterpart, the same aggregated BW capability signaling for inter-band FR1 CA with BCS5 should also apply for NR-DC. 

RAN4 response to Query 2: The aggregated BW capability signaling for inter-band FR1 CA with BCS5 should also apply for NR-DC.

Query 3: RAN2 seeks RAN4 input on whether the range is adequate and if not, request RAN4 to provide the expected values.
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The ranges proposed by RAN2 in general look quite adequate for both FR1 and FR2 which however can be further optimized. For FR1, since 100MHz is already mandated to be supported by UE in single carrier, any aggregated BW less than 100MHz would not be so useful. In between 100MHz and 200MHz, we propose to have 10MHz step, and in between 200MHz and 400MHz, 20MHz step can be considered. Above 400MHz, we can follow the original proposal. For FR2, since 200MHz is the lowest aggregated BW in FBG5 which should always be supported. Therefore, it does not need to be included. Above 200MHz, we can follow the original proposal.   

RAN4 response to Query 3: RAN4 considers the ranges proposed by RAN2 are quite adequate and suggests the following updated ranges as an optimization.

SupportedAggBandwidth-r17 ::=     CHOICE {
 fr1-r17          ENUMERATED {mhz100, mhz110, mhz120, mhz130, mhz140, mhz150, mhz160, mhz170, mhz180, mhz190, mhz200, mhz220, mhz240, mhz260, mhz280, mhz300, mhz320, mhz340, mhz360, mhz380, mhz400, mhz450, mhz500, mhz600, mhz700, mhz800, spare1},
fr2-r17          ENUMERATED {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}
}

Query 4: For FDD-TDD CA band combinations (in FR1), RAN2 would like to ask RAN4 whether it is correct to assume that the application of BW for FDD and TDD are not equivalent. For example, assuming the SCSs are fixed in most deployments to 15kHz for FDD and 30kHz for TDD, and so, whether it is feasible to calculate the effective total aggregated BW by a formula as below:

Total aggregated BW = 2*FDD BW + 1*TDD BW

It is not correct to assume that the application of BW for FDD and TDD are not equivalent, which is also inconsistent with the RAN4 specifications on the aggregated BW definition as the sum of all carrier BW without different weighting factor between FDD and TDD carriers. If such inequivalent application of FDD and TDD carrier BWs would be considered by certain specific UE implementation, it should be handled by the UE internally instead of making it as a general rule for all UEs.

RAN4 response to Query 4: It is not correct to assume that the application of BW for FDD and TDD are not equivalent, which is also inconsistent with the RAN4 specifications on the aggregated BW definition as the sum of all carrier BW without different weighting factor between FDD and TDD carriers.

3	Conclusion

In this contribution, we provide our views and responses to RAN2’s queries on some aspects related to the topic of UE signaling the aggregated BW capability per band combinations. 

Proposal: RAN4 to take the above responses to RAN2 questions into consideration when drafting the reply LS to RAN2.

Based on the above clarifications, we also prepare a draft reply LS in a separate contribution for consideration [2].
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5	Appendix

Title:	[draft] Reply LS on the CA aggregated BW capability signaling by the UE 
Response to:	(R2-2311440) LS on the CA aggregated BW capability signaling by the UE
Release:	Release 18
Work Item:	NR_BCS4-Core, NR_RF_FR2_req_enh2-Core
Source:	Apple [to be RAN4]
To:	RAN2
Cc:	
Contact Person:	
· Name:	James Wang
· E-mail Address:	 fucheng_wang@apple.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments: 
None

1. Overall Description:

RAN4 thanks RAN2 for informing the progress made on the topic of UE signalling the aggregated BW capability per band combinations for both FR1 and FR2 and the inquiry for RAN4 inputs on some aspects related to this discussion. RAN4 has discussed the queries from RAN2 and would like to provide our responses as below:

Query 1: RAN4 input on the aggregated MIMO layer signaling to go along with aggregated BW capability signaling.

RAN4 response to Query 1: The aggregated MIMO layer signaling is as beneficial as aggregated BW capability in reducing the UE signaling overhead. It can be indicated independently with the aggregated BW capability for the same band combination.

Query 2: Is the aggregated BW capability signaling for inter-band FR1 CA with BCS5 also applicable to NR-DC cases?

RAN4 response to Query 2: The aggregated BW capability signaling for inter-band FR1 CA with BCS5 should also apply for NR-DC.

Query 3: RAN2 seeks RAN4 input on whether the range is adequate and if not, request RAN4 to provide the expected values.
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RAN4 response to Query 3: RAN4 considers the ranges proposed by RAN2 are quite adequate and suggests the following updated ranges as an optimization.

SupportedAggBandwidth-r17 ::=     CHOICE {
 fr1-r17          ENUMERATED {mhz100, mhz110, mhz120, mhz130, mhz140, mhz150, mhz160, mhz170, mhz180, mhz190, mhz200, mhz220, mhz240, mhz260, mhz280, mhz300, mhz320, mhz340, mhz360, mhz380, mhz400, mhz450, mhz500, mhz600, mhz700, mhz800, spare1},
fr2-r17          ENUMERATED {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}
}

Query 4: For FDD-TDD CA band combinations (in FR1), RAN2 would like to ask RAN4 whether it is correct to assume that the application of BW for FDD and TDD are not equivalent. For example, assuming the SCSs are fixed in most deployments to 15kHz for FDD and 30kHz for TDD, and so, whether it is feasible to calculate the effective total aggregated BW by a formula as below:

Total aggregated BW = 2*FDD BW + 1*TDD BW

RAN4 response to Query 4: It is not correct to assume that the application of BW for FDD and TDD are not equivalent, which is also inconsistent with the RAN4 specifications on the aggregated BW definition as the sum of all carrier BW without different weighting factor between FDD and TDD carriers.
           
2. Actions:
To: 3GPP TSG RAN WG2
RAN4 respectfully asks RAN2 to take RAN4’s responses above on UE CA aggregated BW capability signaling related aspects into consideration when implementing the corresponding signaling functionalities. 

3. Date of Next TSG-RAN WG4 Meetings:
3GPP RAN4 #110							Feb 26th – Mar 1st, 2024					     Athens, Greece
3GPP RAN4 #110bis						Apr 15th – 19th, 2024					   		TBD, China
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SupportedAggBandwidth-rl7 ::= CHOICE ({

_ ENUMERATED {mhz20, mhz30, mhz35, mhz40, mhz50, mhz60, mhz70, mhz80, mhz90, mhz100, mhz110, mhz120, mhz130, mhz140, mhz150, mhz1l60,
mhz180, mhz200, mhz220, mhz230, mhz250, mhz280, mhz290, mhz300, mhz350, mhz400, mhz450, mhz500, mhz600, mhz700, mhz800, sparel},
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, spared, spare3, spare2, sparel}
}





