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1	Introduction
Rel-17 Introduction of DL 1024QAM WID [1] has the following RAN1-led objectives
· Specify high order modulation for PDSCH 
· Specify 1024QAM constellation as specified in E-UTRA for DL PDSCH
· Specify corresponding MCS table with 1024QAM entries as defined in E-UTRA
· Note: DCI overhead for MCS indication should be the same as in Rel-15  
· Specify corresponding CQI feedback with 1024QAM entries as defined in E-UTRA

2	Revisions to TS 38.201
2.1	Supported physical channels and modulation – Section 4.2.2.
Section 4.2.2 of TS 38.201 specifies the physical channels and modulation supported by the NR PHY.  This specification will need to be revised, in order to accurately reflect the adoption of 1024 QAM support for PDSCH in NR. 
Proposal 1: Reflect the support of 1024QAM for PDSCH in NR PHY by adopting the following text proposal in TS 38.201
	-------------------------------------------------------- Omitted -----------------------------------------------------
[bookmark: _Toc28910133][bookmark: _Toc499501241]4.2.2	Physical channels and modulation
-------------------------------------------------------- Omitted -----------------------------------------------------
The modulation schemes supported are 
-	in the downlink, QPSK, 16QAM, 64QAM, 256QAM, and 1024 QAM
-	in the uplink, QPSK, 16QAM, 64QAM and 256QAM for OFDM with a CP and π/2-BPSK, QPSK, 16QAM, 64QAM and 256QAM for DFT-s-OFDM with a CP
-------------------------------------------------------- Omitted -----------------------------------------------------



3	Revisions to TS 38.211 
3.1	1024 QAM Constellation Mapping – Section 5.1 
Constellation mapping for NR PHY is provided in section 5.1 of TS 38.211. The WID objectives state that the 1024QAM constellation should be specified as in E-UTRA for NR DL PDSCH. Except for adapting notation from TS 36.211 to TS 38.211, the constellation mapping for 1024 QAM should be straightforward with no anticipated complications.  
Proposal 2: Apply the same modulation mapping as specified for E-UTRA in TS 36.211 by adopting the following text proposal for TS 38.211.
-------------------------------------------------------- Omitted -----------------------------------------------------
5.1.7	1024QAM 
In case of 1024QAM modulation, 10-tuplets of bits, , are mapped to complex-valued modulation symbols  according to
 
	
-------------------------------------------------------- Omitted -----------------------------------------------------
3.2	Supported modulations for PDSCH – Section 7.3.1
Supported modulation orders for PDSCH transmission are specified in Section 7.3.1.2 of TS 38.211.  Table 7.3.1.2-1 will need to be updated to indicate available use of 1024 QAM.  Since this study is limited to downlink transmission only, no corresponding edits are need for PUSCH.
	-------------------------------------------------------- Omitted -----------------------------------------------------

Table 7.3.1.2-1: Supported modulation schemes.
	Modulation scheme
	
Modulation order 

	QPSK
	2

	16QAM
	4

	64QAM
	6

	256QAM
	8

	1024QAM
	10


-------------------------------------------------------- Omitted -----------------------------------------------------



Proposal 3: Indicate availability of 1024QAM for PDSCH transmission by adopting the text proposal above for TS 38.211
4	Revisions to TS 38.212	
4.1	Bit selection for LDPC rate matching – Section 5.4.2.1
Section 5.4.2.1 specifies the determination of  for the purposes of limited buffer rate matching.  This parameter is dependent maximum supported modulation order and will therefore need to be revised to reflect the use of 1024 QAM.
Proposal 4: The determination of  shall assume  if mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell uses 1024 QAM table
5	Revisions to TS 38.214
5.1	Supported PDSCH configurations for 1024QAM – Section 5.1.3.1
Rel-15 NR devices can be configured to receive PDSCH transmission either dynamically by use of DCI 1_0, 1_1, and 1_2, or on a semi-persistent basis.  Dynamic indication of PDSCH transmission is considered the default mode of operation and should be modified to support use of 1024QAM modulation.  
Proposal 5: Support use of 1024QAM MCS table whe mcs-Table is provided by PDSCH-Config and PDSCH is scheduled by DCI 1_x.
SPS config using 1024QAM is less likely to be used than 1024QAM when scheduled by DCI, but specification impact to support SPS should be minimal, and restricting 1024QAM when using SPS unnecessarily limits deployment flexibility
Proposal 6: Support use of 1024QAM MCS table when mcs-Table is provided by SPS-Config
5.2	MCS Table with 1024QAM Entries [38.214]
The objectives of the WID state that the MCS table should be adopted as in E-UTRA as well. Table 7.1.7.1-1B, MCS table 3 for PDSCH, and Table 7.1.7.1-1C, MCS table 4 for PDSCH in TS 36.21 [2], both use 1024QAM; however the format of MCS tables provided for E-UTRA do not match the format of MCS tables provided for NR, since E-UTRA provides a TBS look-up and determines the coding rate implicitly, while NR specifies the target coding rate and instead calculates to determine the necessary TBS.
Observation 1: MCS tables provided in TS 36.211 for E-UTRA, cannot be ported directly to TS 38.211 for use in NR
As noted in the WID objectives, DCI overhead for MCS indication is expected to be the same for 1024QAM MCS table, as for those tables specified in Rel-15.  For this reason, the 1024QAM MCS table should have no more than 32 entries to limit DCI overhead to 5-bits.
Proposal 7: 1024QAM MCS table should have 32 entries, including 5 reserved entries to preserve DCI overhead as specified in Rel-15.
Since it may not be possible to adopt MCS table entries directly from those specified in E-UTRA, effort should be made to reuse as much as possible from MCS tables specified for NR.  Reusing existing MCS table entries from NR specification will limit the need for excessive simulation and will ensure that existing configurations have been well validated.
Proposal 8: For all non-1024 QAM entries of new MCS table make use of existing MCS configurations from previous NR MCS tables
1024 QAM has not been evaluated with NR PHY configuration including LDPC coding/decoding, and NR rate matching.  To ensure proper operation and determine optimal crossing point for NR MCS table from 256 QAM to 1024 QAM it will be necessary to evaluate link level performance.
Proposal 9: Evaluate 1024 QAM modulation in NR PHY using the following evaluation assumptions:
	Assumptions
	Value

	Carrier frequency 
	3.5 GHz

	Duplex 
	FDD/TDD 

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms 

	Subcarrier spacing 
	15kHz as baseline,  

	Guard time interval 
	4.7us (interval of LTE normal CP) as baseline 

	FFT size 
	1024

	Antenna configuration 
	gnB: (4,8,2,2,2), UE: (2,4,2,1,2)*, element spacing 

	MIMO mode 
	If companies bring results for MIMO, it is recommended to use at least one constant modulus precoding scheme. Other precoding scheme is not precluded. Companies need to provide their CSI and precoding assumptions for MIMO evaluations. MIMO correlation matrices should be low correlation (i.e. uncorrelated) in case of MIMO simulations.

	Rank per UE 
	1 

	MCS 
	256 QAM, 1024 QAM, Coding Rate: 0.75, 0.80, 0.85, 0.90​
[bookmark: _GoBack] 

	Control Overhead 
	Zero 

	Channel estimation * 
	Realistic

	Channel Model  
	-	TDL-A for DS 10 ns, TDL-D for DS 10 ns, Companies are allowed to choose additional combination(s) of other DS values and TDL–A and/or TDL-D.
-	Mobility: 3km/h※, higher speed is not precluded.

	NOTE ※ :	All marked values are  recommended for calibration purpose.



5.3	CQI feedback with 1024QAM Entries [38.214]
CQI reporting for NR is specified in Section 5.2.2.1 of TS 38.214. The objectives of the WID have stated that the corresponding CQI table should be adopted as TS 36.213 for E-UTRA.  Support for a new 1024QAM MCS table will require adopting a new corresponding CQI table, [‘table4’], for CSI feedback.  Identifying a new CQI table within TS 38.214 should be relatively straightforward and can be adopted, even if table entries are not clear at the moment.
Proposal 10: Adopt a new CQI table, and reflect the update support in TS 38.214 with the following text proposal
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	5.2.2.1	Channel quality indicator (CQI) 
-------------------------------------------------------- Omitted -----------------------------------------------------
The CQI indices and their interpretations are given in Table 5.2.2.1-2 or Table 5.2.2.1-4 for reporting CQI based on QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Table 5.2.2.1-3 for reporting CQI based on QPSK, 16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are given in Table 5.2.2.1-5 for reporting CQI based on QPSK, 16QAM, 64QAM, 256QAM, and 1024 QAM. 
Based on an unrestricted observation interval in time unless specified otherwise in this Clause, and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink slot n the highest CQI index which satisfies the following condition:
-	A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 
-	0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table1' (corresponding to Table 5.2.2.1-2), or 'table2' (corresponding to Table 5.2.2.1-3), or ‘table4’ (corresponding to Table 5.2.2.1-5)
-	0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table3' (corresponding to Table 5.2.2.1-4).
-------------------------------------------------------- Omitted -----------------------------------------------------



As noted in WI objectives, CQI feedback table for 1024 QAM should be defined as for E-UTRA.  Table 5.2.2.1-5, from TS 36.213, has an identical format to those specified in TS 38.214 and includes CQI entries for 1024 QAM.  This table could be straightforwardly adopted for use in TS 38.214.  This table would not change required overhead CQI reporting. For NR PHY, as specified in TS 38.214, CQI tables 1-3 are constructed from selection of entries from corresponding MCS tables.  Since specification of the MCS table for 1024 QAM is still unclear, the corresponding CQI table may require revision to better align with specified MCS tables.

Table 5.2.2.1-5: 4-bit CQI Table 4
	CQI index
	modulation
	code rate x 1024
	Efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	616
	2.4063

	6
	64QAM 
	567
	3.3223

	7
	64QAM 
	666
	3.9023

	8
	64QAM 
	772
	4.5234

	9
	64QAM 
	873
	5.1152

	10
	256QAM 
	711
	5.5547

	11
	256QAM
	797
	6.2266

	12
	256QAM 
	885
	6.9141

	13
	256QAM 
	948
	7.4063

	14
	1024QAM 
	853
	8.3321

	15
	1024QAM 
	948 
	9.2578



Proposal 11: Adopt a CQI feedback table with 16 entries to maintain consistent reporting overhead with other MCS tables.
Proposal 12: Unless conflicts are identified with newly adopted MCS table, CQI table 4 from TS 36.213 should be adopted without change for use in TS 38.214

5	Conclusions
In this contribution …
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