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1	Introduction
RAN1#90-e updated the WI on introduction of 1024-QAM for NR PDSCH with RAN4 as the leading WG, with objectives for RAN1 and RAN2. The objectives are as follows: 
[image: ]
The agreed UE feature list for 1024-QAM were captured in [2]. This document remaining aspects of UE features for 1024-QAM. 
[bookmark: _Ref178064866]2	Discussion
2.0	Discussion on UE capabilities for 1024-QAM
Two FGs 36-1 (1024-QAM on DL for FR1) and 36-2 (data rate scaling factor for 1024-QAM) were agreed for support of 1024-QAM. The data rate section (from 38.306) needs to reflect new FG for 1024-QAM scaling factor, and the corresponding value utilized for the parameter supportedModulationOrderDL.   
Regarding introducing a new capability for supportedModulationOrderDL-r17 for 1024QAM (especially as per FSPC), we are not supportive since it is unnecessary (leading to extremely low data rates with 1024-QAM support, (e.g. when supportedModulationOrderDL = pi/2-BPSK, scalingFactor = 0.4)) given the scaling factor FG 36-2 is enough for indicating lower data rate. Moreover per-FSPC signaling leads to large signaling overhead.
Nonetheless, supportedModulationOrderDL needs to be defined for 1024-QAM data rate calculation. For this out of below two options, we prefer Option 1. 
Option 1 : Define supportedModulationDL = 1024QAM for the case of 1024QAM indication for a band. 
Option 2 : Update the field description for existing capability supportedModulationOrderDL as shown below, allowing applying the existing UE reported parameter value (supportedModulationOrderDL) with 1024-QAM scaling factor (in which case the existing parameter description must be updated to allow it to take the value of 1024-QAM). 
	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 either case, the main point is that since the UE signals both 1024-QAM and 256-QAM, the data rate calculation for 1024-QAM case is based on the 1024-QAM scaling factor and the 1024-QAM modulation order (i.e. supportedModulationOrderDL = 1024-QAM), and for the case of 256-QAM, it would be based on the legacy scaling factor, legacy modulation order (supportedModulationOrderDL). 
2.2	Proposals for 1024-QAM UE features
Below is a summary of proposals. 
· An update to FG 36-2, wherein text is added in the Note column to align the description of 36-2 with that of the legacy scaling factor i.e. when absent, the scaling factor 1 is applied to the band in max data rate calculation.
· Definition of supportedModulationDL when UE indicates support of 1024-QAM (for data rate calculation).
The proposals are as follows.
1. [bookmark: _Toc83983048]Adopt below updates for UE FGs for support of 1024-QAM (red text highlights the relative change on top of the agreed FG table). 
1. When UE indicates 1024QAM support for a band, supportedModulationDL is set to 1024QAM, and is not explicitly indicated by the UE. 
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	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 36. NR_DL1024QAM_FR1
	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. NR_DL1024QAM_FR1
	36-2
	scalingFactor for 1024QAM
	Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band
	36-1
	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.
	Optional with capability signaling
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   Specify h i gh order  modulation for  PDSCH [RAN1]   o   Specify  1024QAM cons t ellati on as specified in E - UTRA for DL PDSCH   o   Specify   corresponding  5 - b i t  MCS  table   with 1024QAM entries as defined in E - UTRA , with 5 bit  DCI overhead for MCS  indication   o   Specify   corresponding   CQI feedb ack   with 1024QAM entries as  defin e d in E - UTRA , with no changes   to the CQI field and table sizes      Spec ify  corresponding   RRC signalling and UE capabilities [RAN2 ]   o   Note: DL PDSCH 1024QAM for FR1 should be define d as a per - band UE capability      Specify  corresponding   UE   and  BS   RF  core  requir ements  [RAN4]   o   UE  and  BS   RF  core  req uir ements  are sp ecifie d for  stationary wireless scenarios   with up to 2 layer  DL MIMO   o   The cell size(s) and type of stationary wireless scenarios f or which UE and BS RF core requirements are  defined will be studied and decided by RAN4 .  


