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1. Introduction
In RAN #89e, the newly RAN4 lead WI on DL 1024QAM for NR FR1 was approved in RP-202044[1]. The objective is to specify downlink 1024QAM for NR PDSCH operation in FR1, together with related procedures, signalling and necessary RF requirements. The main objectives are:
· Specify high order modulation for PDSCH [RAN1]
· 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
· Specify corresponding RRC signalling and UE capabilities [RAN2]
· Note: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
· Specify corresponding UE and BS core requirements [RAN4]
· UE and BS RF core requirements are specified for stationary wireless scenarios with up to 2 layer DL MIMO
· The cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirements are defined will be studied and decided by RAN4
In this contribution, we present our views on introducing of DL 1024QAM for NR PDSCH operation in FR1.
2. Modulation formula definition
To minimize specification effort, the 1024QAM modulation formula definition in LTE can be reused. The modulation definition for 1024QAM is the same as that defined in TS 36.211 [2], for which 10-tuplets of bits, , are mapped to complex-valued modulation symbols  according to


Proposal 1: Reuse 1024QAM modulation mapper specified in TS 36.211 section 7.1.6.
3. CQI/MCS tables definition
According to objective guideline, for 1024QAM CQI table design, the CQI table defined in [3, Table 7.2.3-4] can be reused directly, which is shown in Table 1.
Table 1 4-bit CQI Table for 1024QAM
	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 2: Support 1024QAM CQI table in Table 1 for DL 1024QAM.
With reference to the 1024QAM MCS table specified in 36.213 section 7.1.7.1, the design principles for NR PDSCH 1024QAM MCS table can be summarized as below,
· Keep DCI field size unchanged (5-bit MCS table with 5 reserved entries for retransmission)
· Reuse CQI table values as starting point
· Interpolate the remaining MCS entries by adjacent spectral efficiencies equally spaced
With the previous principles, we propose to add 5 new entries for 1024QAM based on the NR 256QAM MCS table specified in [4, Table 5.1.3.1-2]. One of the new entries is used to indicate adaptive retransmissions. In addition, the above two CQI entries for 1024QAM are directly taken as two MCS entries, and then the other two new entries are obtained through interpolation. 
Considering that 64QAM MCS table and 1024QAM MCS table can be dynamically switched through changing of DCI format, we think that all the 256QAM entries should be kept. Then we choose to remove 5 entries, which are {6, 8, 10, 12, 14}, from the 256QAM table, while keeping the lowest MCS. The details of the proposed 1024QAM MCS table are shown in Table 2.

Table 2 MCS index table for 1024QAM
	MCS Index
	Modulation Order
	Target code Rate R x [1024]
	Spectral

	IMCS 
	 Qm
	
	efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.377

	2
	2
	308
	0.6016

	3
	2
	449
	0.877

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	6
	4
	490
	1.9141

	8
	4
	553
	2.1602

	7
	4
	616
	2.4063

	10
	4
	658
	2.5703

	8
	6
	466
	2.7305

	12
	6
	517
	3.0293

	9
	6
	567
	3.3223

	14
	6
	616
	3.6094

	10
	6
	666
	3.9023

	11
	6
	719
	4.2129

	12
	6
	772
	4.5234

	13
	6
	822
	4.8164

	14
	6
	873
	5.1152

	15
	8
	682.5
	5.332

	16
	8
	711
	5.5547

	17
	8
	754
	5.8906

	18
	8
	797
	6.2266

	19
	8
	841
	6.5703

	20
	8
	885
	6.9141

	21
	8
	916.5
	7.1602

	22
	8
	948
	7.4063

	23
	10
	805.5
	7.8662

	24
	10
	853
	8.3301

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved



In this section, we also provide relevant link level simulation results for above MCS table. In Figure 1, for a target BLER, nearly equal-interval SNR can be observed for different MCSs under a common modulation order.
[image: ]
Figure 1: simulation results for 1024QAM MCS table
 Proposal 3: Support 1024QAM MCS table in Table 2 for DL 1024QAM.
4. Signalling design
[bookmark: _GoBack]Similar to the configuration of 256QAM in NR, we propose to configure CQI and MCS tables for DL 1024QAM by higher layer. One new higher layer parameter in CSI-ReportConfig should be added to indicate whether to use 1024QAM CQI table for CSI report or not. The other new higher layer parameter in PDSCH-Config need to be introduced to indicate whether to use 1024QAM MCS table or not.
Proposal 4: Introduce a new RRC parameter to indicate whether to use 1024QAM CQI table or not.
Proposal 5: Introduce a new RRC parameter to indicate whether to use 1024QAM MCS table or not.
To resolve ambiguity in MCS indexing during RRC re-configuration, DCI format 1_0 with the legacy 64QAM MCS table is sufficient. Typically, DL 1024QAM is mainly deployed in high throughput eMBB scenario. For DCI format 1_2 for URLLC scheduling, the motivation is unclear to use 1024QAM. Consequently, we propose support 1024QAM MCS table for PDSCH scheduled by DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI. 
A 5-bit MCS table was proposed for modulation order signaling, for which the field size is the same as legacy, so we prefer to maintain that DCI payload size unchanged.
Proposal 6: Support to use 1024QAM MCS table for PDSCH scheduled by DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI.
5. UE capability reporting
DL 1024QAM has high requirements for the EVM of UE receive signal, so it should be supported as an optional UE feature, and UE capability for supporting of DL 1024QAM can be reported per FSPC for NR FR1 only. 
Proposal 7: Support of reporting DL 1024QAM per FSPC for NR FR1 only is an optional feature.
6. Conclusions
In this contribution we provide our views on supporting of DL 1024QAM for NR FR1. Based above discussion, the following proposals and observations were made:
Proposal 1: Reuse 1024QAM modulation mapper specified in TS 36.211 section 7.1.6.
Proposal 2: Support 1024QAM CQI table in Table 1 for DL 1024QAM.
Proposal 3: Support 1024QAM MCS table in Table 2 for DL 1024QAM.
Proposal 4: Introduce a new RRC parameter to indicate whether to use 1024QAM CQI table or not.
Proposal 5: Introduce a new RRC parameter to indicate whether to use 1024QAM MCS table or not.
Proposal 6: Support to use 1024QAM MCS table for PDSCH scheduled by DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI.
Proposal 7: Support of reporting DL 1024QAM per FSPC for NR FR1 only is an optional feature.
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