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1. Introduction
RAN2 sent an LS to RAN1 regarding reduced 1024 QAM capability in [1]. In the LS, RAN2 requested RAN1 to confirm the assumptions in bullets 2, 4, 5 below and to provide feedback if any. 
	[1] Clarify that UE shall at most report one of pdsch-1024QAM-2MIMO-FR1-r17and pdsch-1024QAM-FR1-r17.
[2] Assume to Extend supportedModulationOrderDL to include 1024 QAM (confirm with R1). 
[3] The MIMO layer for 1024 QAM is Min (2, maxNumberMIMO-LayersPDSCH) for the CC where 1024 QAM is reported 
[4] Assume that Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability (confirm with R1)
[5] Assume to Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled (confirm with R1)
~
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ACTION: 	RAN2 kindly asks RAN1 to confirm the assumptions (bullets 2,4,5) made by RAN2 and provide feedback if any.



In this contribution, we discuss on above assumptions in bullets 2, 4 and 5.

2. Discussion on reduced 1024 QAM capability
RAN1 agreed on following capabilities related to DL 1024 QAM for FR1 as captured in the latest RAN1 Rel-17 NR UE features list [2].
	36-1
	1024QAM for PDSCH for FR1
	Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.


	pdsch-256QAM-FR1
	Yes
	N/A
	No support of 1024 QAM for PDSCH
	Per Band
	N/A
	Applicable only to FR1
	N/A
	Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
	Optional with capability signalling

	36-1a
	1024QAM for PDSCH for FR1 with maximum 2 MIMO layers restriction
	Support 1024QAM for PDSCH with maximum 2 MIMO layers for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.
 
	pdsch-256QAM-FR1
	Yes
	N/A
	No support of 1024 QAM for PDSCH with maximum 2 MIMO layers restriction
	Per Band
	N/A
	Applicable only to FR1
	N/A
	Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
	Optional with capability signalling

	36-2
	scalingFactor for 1024QAM
	Indicates the scaling factor to be applied to the band in the max data rate calculation for 1024-QAM as defined in 4.1.2 when support of 1024-QAM is signalled for the band
	36-1 or 36-1a
	Yes
	N/A
	
	Per FS
	N/A
	Applicable only to FR1
	N/A
	Candidate component values: 
{0.4, 0.75, 0.8, 1.0}

If absent, the scaling factor 1 is applied to the band in the max data rate calculation for 1024-QAM.
	Optional with capability signaling



Regarding the bullet 2 in the RAN2 LS, TS38.306 describes how to handle 1024 QAM without changing supportedModulationOrderDL for the max data rate calculation as below.
	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band, otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].
	FSPC
	No
	N/A
	N/A



In the RAN2 LS, it is described that “If a higher modulation order is introduced in the future, the absence of supportedModulationOrderDL cannot imply 1024 QAM anymore. Therefore RAN2 assumes to extend supportedModulationOrderDL to include 1024 QAM is better”.
However, in our understanding, the absence of supportedModulationOrderDL does not imply 1024 QAM even in current description. Actually, the network needs to check whether [pdsch-1024QAM-FR1] is signalled or not according to the current description. Therefore, even if higher modulation order e.g., 2048 QAM is introduced in the future, it is possible to continue avoiding the extension of supportedModulationOrderDL as below example.
	If not included:
· for FR1, the network uses the modulation order signalled per band in [pdsch-2048QAM-FR1] when [pdsch-2048QAM-FR1] is signalled for the band. If [pdsch-2048QAM-FR1] is not signalled for the band, the network uses the modulation order signalled per band in [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band. Otherwise, the network uses the modulation order signalled in pdsch-256QAM-FR1.


In addition, for backward compatibility, UE capable of extended supportedModulationOrderDL needs to report both existing supportedModulationOrderDL and extended supportedModulationOrderDL. So, it seems that the extension of supportedModulationOrderDL is not so necessary even considering potential higher modulation order in future.
Observation 1: It seems that the extension of supportedModulationOrderDL is not so necessary even considering potential higher modulation order in future.


Regarding the bullet 4 in the RAN2 LS, FG36-1a and 36-2 are “reduced 1024 capability” and UE may support 256QAM with higher maximum number of MIMO layers and/or higher value of scaling factor compared with 1024QAM. In such case, we have same understanding with RAN2 assumption that “max data rate shall be derived from the higher data rate between 1024 QAM and 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability”.
Proposal 1: RAN1 confirms following RAN2 assumption in bullet 4.
· Max data rate shall be derived from the higher data rate between 1024 QAM and 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability.


Regarding the bullet 5 in the RAN2 LS, FG36-2 (scalingFactor-1024QAM-FR1-r17) is dedicated to 1024QAM, and legacy scaling factor can also be included for other modulation orders. Therefore, we have same understanding with RAN2 assumption that “both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled”.
Proposal 2: RAN1 confirms following RAN2 assumption in bullet 5.
· both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled

3. Conclusion
In this contribution, we discussed on RAN2 assumptions in bullets 2, 4, 5 in the RAN2 LS.
Observation 1: It seems that the extension of supportedModulationOrderDL is not so necessary even considering potential higher modulation order in future.
Proposal 1: RAN1 confirms following RAN2 assumption in bullet 4.
· Max data rate shall be derived from the higher data rate between 1024 QAM and 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability.
Proposal 2: RAN1 confirms following RAN2 assumption in bullet 5.
· both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled
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