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1. Introduction
In RAN1-103e meeting, the agreements about DL 1024QAM for NR FR1 are as follows [1]:
	Agreements:
· Introduce new RRC signaling to indicate use of 1024-QAM CQI table.
· For supporting 1024-QAM in NR downlink, adopt the LTE 1024-QAM constellation.
· 1024-QAM MCS table can be used only with DCI format with CRC scrambled by C-RNTI or CS-RNTI
Agreements:
· Introduce new RRC signaling to indicate use of 1024-QAM MCS table for at least DCI format 1_1
· FFS : support of 1024-QAM MCS table for DCI format 1_2 
· Note: If 1024-QAM MCS table for DCI format 1_2 is supported, separate RRC signaling is used for each of the two DCI formats 1_1 and 1_2, respectively
· FFS : whether the RRC signaling is only introduced in PDSCH-Config or it can also be separately configured in SPS-Config
Agreements:
· RRC signaling (mcs-Table-r17) to indicate use of 1024-QAM MCS table for DCI format 1_1 is present only in PDSCH-config
· When UE is configured with mcs-Table-r17 set to  1024-QAM MCS table for DCI
· UE uses 1024-QAM MCS table for PDSCH scheduled with a DCI format 1_1 with CRC scrambled by C-RNTI, 
· UE uses 1024-QAM MCS table for PDSCH scheduled with the DCI format 1_1 with CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config
· Note: If 1024-QAM MCS table for DCI format 1_2 is supported, similar approach is used for 1024-QAM MCS table usage with DCI format 1_2



However, the design of 1024QAM CQI table and 1024QAM MCS table has not been determined in RAN1-103e meeting, due to different design principles among companies. More specifically, the divergence largely comes from the granularity of 256QAM and 1024QAM. Therefore, it is necessary to analyze the transition point between 256QAM and 1024QAM. Moreover, some TPs are proposed. 
1. Discussion on design of 1024QAM CQI table and MCS table
Transition point of 256QAM and 1024QAM
In RAN1-103e meeting, link level simulation assumption is given as follows [1]:
	Agreements:
· Companies are encouraged to use below link-level simulation assumptions for assessing at least transition point between 256-QAM and 1024-QAM. 
	Parameter
	Value

	Carrier frequency, SCS, System BW
	3.5GHz, 30kHz, 100 MHz 

	Channel model
	AWGN, CDL-B or CDL-C in TR 38.901 with up to 30ns delay spread 

	UE speed
	3km/h, 0km/h

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R or 2T or 8T

	Tx EVM
	0, 2%

	Rx EVM
	0, 3%

	MCS
	256 QAM, 1024 QAM 
Coding Rate*: 0.70, 0.75, 0.80, 0.85, 0.90, 0.925
Other coding rates are not precluded and, if simulated, to be reported by each company

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	273

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank1, Rank 2, 

	Channel estimation
	Realistic channel estimation

	Metric
	Crossover SNR at transition points between 256-QAM and 1024-QAM

	Note*: Coding rates are used for 1024QAM, while coding rates for 256QAM are selected from TS38.214 MCS table 2






As the transition point of 256QAM and 1024QAM is SE =7.4063, the corresponding CQI alternative entries for 256QAM and 1024QAM are shown in the Table 1.
Table 1 Alternative modulation order and code rate combination in transition point
	
	Modulation Order [image: ]
	Target code rate R x [1024]
	Spectral efficiency

	Alt1
	8
	948
	7.4063

	Alt2
	10
	758.5
	7.4063



The SE vs. SNR performance at BLER of 10% of the above two alternative entries for AWGN, CDL-B and CDL-C channel models with and without EVM are shown in Figure 1, Figure 2 and Figure 3 respectively based on the simulation assumptions in Table A.1. The SNR values of Alt1 and Alt 2 at target BLER=10% in AWGN, CDL-B and CDL-C channel models with and without EVM are provided in Table 2.
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	(a) ) EVM: (Tx, Rx)= (0, 0)
	(b) ) EVM: (Tx, Rx)= (2%, 3%)


                      Figure 1 SE vs. SNR performance at target BLER = 10% in AWGN channel
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	(a) EVM: (Tx, Rx)= (0, 0)
	(b) EVM: (Tx, Rx)= (2%, 3%)


Figure 2 SE vs. SNR performance at target BLER = 10% in CDL-B channel
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	(a) EVM: (Tx, Rx)= (0, 0)
	(b) EVM: (Tx, Rx)= (2%, 3%)


Figure 3 SE vs. SNR performance at target BLER = 10% in CDL-C channel




Table 2 SNR@BLER=10% of 256QAM and 1024QAM at SE = 7.4063 with and without EVM
	Channel model
	AWGN
	CDL-B
	CDL-C

	EVM: (Tx, Rx)
	 (0, 0)
	(2%, 3%)
	(0, 0)
	(2%, 3%)
	(0, 0)
	(2%, 3%)

	SNR(dB)@BLER=10%
	Alt1: (256QAM, 948)
	24.94
	26.95
	15.81
	16.67
	15.05
	15.88

	
	Alt2: (1024QM, 758.5)
	24.73
	26.76
	16.40
	16.98
	15.85
	16.49

	SNR(dB)=Alt2-Alt1
	-0.21
	-0.19
	0.59
	0.31
	0.80
	0.61



According the simulation results in Figure 1- Figure 3 and Table 2, it can be seen that the performance of Alt2 (1024QAM, 758.5) is almost the same with that of Alt1 (256QAM, 948) in AWGN channel, while the performance of Alt1 (256QAM, 948) is better than that of Alt2 (1024QAM, 758.5) in fading channel, i.e, CDL-B, CDL-C. 
Proposal 1: The same CQI entry with LTE, i.e., Alt1 (256QAM, 948), is adopted as the CQI entry.
 1024QAM CQI Table
In LTE, the CQI table with 1024QAM is shown as Table 3 [2]. The SE vs SNR performance of CQI entries with index of 1-15 in Table 3 at BLER of 10% is evaluated and shown in Figure 4. The simulation parameters are based on Table A.2.
Table 3 4-bit CQI Table 4 in LTE
	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
	8.330121

	15
	1024QAM
	948
	9.2578



[image: ]
Figure 4 SE vs. SNR performance at target BLER = 10% of the LTE 1024QAM CQI table
Based on the simulation results in Figure 4, it can be seen that the SNR spacing between CQI entries with the same modulation order in SE vs. SNR curves is approximately the same.
Observation 1: The SNR spacing between CQI entries with the same modulation order is approximately the same.
Therefore, to simplify standardization workload, we prefer to reuse LTE CQI table with 1024QAM entries for NR PDSCH.
Proposal 2: To simplify the standardization workload, LTE CQI table with 1024QAM entries, that is, Table 3, should be reused for NR PDSCH.
 1024QAM MCS Table
Based on the revised WID as follows, it is clear that only 5-bit MCS table should be specified [4]. 
	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 5-bit MCS table with 1024QAM entries as defined in E-UTRA, with 5 bit DCI overhead for MCS indication
· Specify corresponding CQI feedback with 1024QAM entries as defined in E-UTRA, with no changes to the CQI field and table sizes



Observation 2: Only 5-bit MCS table with 1024QAM entries is specified according to the WID scope.
For 5-bit 1024QAM MCS table, the MCS design principle is to start with NR 256QAM MCS table and remove M=5 entries to accommodate 1024QAM MCS entries according the discussion in the last meeting. However, the removed MCS entries from NR 256QAM MCS table have the following alternatives [5].
	Regarding M=5 entries to be removed, different alternatives were mentioned:
· Alt1: remove {5,7,9,12,14} from the 256-QAM table
· Alt2: remove {6, 8, 10, 12, 14} from the 256QAM table
· Alt3: remove {2,4,6,8,10} from the 256-QAM table
· Alt4: remove {1,3,5,7,9} from the 256-QAM table



According to agreements in RAN1#90bis meeting [6] and in RAN1#92 meeting [7], the design principles of 1024QAM MCS table are shown as follows.
	Agreements in RAN1#90bis:
· For introduction of 1024QAM MCS table:
· Remove M entries from the 256QAM table while maintaining (close to) uniformly spaced SE, while keeping the lowest MCS
· Add M new entries for 1024QAM, with (close to) uniformly spaced SE
· Including 1 entry to support re-transmission with 1024 QAM
Agreements in RAN1#92:
The removed entries from 256QAM table are {5, 7, 9, 12, 14}.



Hence, Alt 1, i.e., remove {5, 7, 9, 12, 14} from the 256-QAM table is preferable based on the agreements for LTE 1024QAM MCS table in RAN1-92 meeting [7].
Proposal 3: The removed entries from 256QAM MCS table are Alt 1: {5, 7, 9, 12, 14}
Herein, the proposed 5-bit MCS table with 1024QAM entries for NR PDSCH is shown in Table 4. 
Table 4 Proposed MCS table with 1024QAM entries for NR PDSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	434
	1.6953

	6
	4
	553
	2.1602

	7
	4
	658
	2.5703

	8
	6
	466
	2.7305

	9
	6
	567
	3.3223

	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
	5.3320

	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
	806
	7.8711

	24
	10
	853
	8.330121

	25
	10
	900.5
	8.7939

	26
	10
	948
	9.2578

	27
	2
	
	
reserved

	28
	4
	
	

	29
	6
	
	

	30
	8
	
	

	31
	10
	
	



More specifically, Table 4 is derived according to the following steps:  
1) The modulation order corresponding to each MCS index in Table 4 is the same with that in the LTE 1024QAM MCS table. Add 5 new entries for 1024QAM including 1 entry to support re-transmission with 1024QAM.
a. The entries with MCS index of 24 and 26 in Table 4 are extracted from the 1024QAM entries in 1024QAM CQI table as shown in Table 3. 
b. 







To ensure uniformly spaced SE, the SE of MCS index of 23 and 25 with 1024QAM are obtained by averaging the SE of adjacent MCS entries, i.e., = (+)/27.8711 and = (+)/28.7939. Herein, the target code rate in Table 4 is approximately equal to (SE/Qm).
2) Remove 5 entries with MCS index of {5, 7, 9, 12, 14} from NR 256QAM MCS table (i.e., Table A.3) to obtain the MCS entries with index of 0-22 and 27-30 in Table 4. 
Observation 3: The 1024QAM MCS table in Table 4 follows the design rule of LTE 1024QAM MCS table agreed in RAN1#90bis and RAN1#92 meeting.
The SE vs SNR performance of MCS entries with index of 0-27 in Table 4 at BLER of 10% is evaluated and shown in Figure 5. The simulation parameters are based on Table A.2.
[image: ]      
Figure 5 SE vs SNR performance at BLER=10% of the 1024QAM MCS table in Table 4
Observation 4: The SNR spacing between the adjacent MCS entries in Table 4 is around 2dB for MCS index of 0-10, around 1dB for MCS index of 11-22, and around 1.5dB for MCS index of 23-26 with 1024QAM. 
According to the analysis above, the SNR spacing of SE vs. SNR curves is uniformly spaced. Therefore, Table 4 should be used as the MCS table with 1024QAM MCS entries for NR PDSCH.
Proposal 4: Table 4 should be used as the MCS table with 1024QAM entries for NR PDSCH.
1. Remaining TPs for DL 1024QAM
In RAN1-103e meeting, some TPs were agreed in corresponding specs. Besides, the remaining TPs for support of DL 1024QAM are listed as follow.
	TS38.214 V16.4.0
5.1.3.1 Modulation order and target code rate determination
Unchanged parts are omitted
Table 5.1.3.1-4: MCS index table 4 for PDSCH
MCS entries are omitted
Unchanged parts are omitted
[bookmark: _Toc11352103][bookmark: _Toc45810565][bookmark: _Toc27299891][bookmark: _Toc29674290][bookmark: _Toc36645520][bookmark: _Toc20317993][bookmark: _Toc29673156][bookmark: _Toc52457775][bookmark: _Toc29673297]5.1.6.3	PT-RS reception procedure
Unchanged parts are omitted
[bookmark: _Hlk500844944][bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
-	the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, respectively. 
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna port' presence and pattern is a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.
-	otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and the UE shall assume PT-RS is not present when
-	the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 
-	the scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or 
-	the scheduled MCS from Table 5.1.3.1-4 is smaller than 5, or 
-	the number of scheduled RBs is smaller than 3, or
-	otherwise, if the RNTI equals RA-RNTI, [MsgB-RNTI], SI-RNTI, or P-RNTI, the UE shall assume PT-RS is not present 
Unchanged parts are omitted




1. Conclusion
In this contribution, the observations and proposals for DL 1024QAM for NR are as follows:
Observation 1: The SNR spacing between CQI entries with the same modulation order is approximately the same.
Observation 2: Only 5-bit MCS table with 1024QAM entries is specified according to the WID scope.
Observation 3: The 1024QAM MCS table in Table 4 follows the design rule of LTE 1024QAM MCS table agreed in RAN1#90bis and RAN1#92 meeting.
Observation 4: The SNR spacing between the adjacent MCS entries in Table 4 is around 2dB for MCS index of 0-10, around 1dB for MCS index of 11-22, and around 1.5dB for MCS index of 23-26 with 1024QAM.
Proposal 1: The same CQI entry with LTE, i.e., Alt1 (256QAM, 948), is adopted as the CQI entry.
Proposal 2: To simplify the standardization workload, LTE CQI table with 1024QAM entries, that is, Table 3, should be reused for NR PDSCH.
[bookmark: _GoBack]Proposal 3: The removed entries from 256QAM MCS table are Alt 1: {5, 7, 9, 12, 14}
Proposal 4: Table 4 should be used as the MCS table with 1024QAM entries for NR PDSCH.
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Appendix
A.1 Simulation parameters for transition point of 256QAM and 1024QAM
Table A.1	Simulation assumptions for transition point 
	Parameter
	Value

	Carrier frequency, SCS, System BW
	3.5GHz, 30kHz, 100 MHz 

	Channel model
	AWGN, CDL-B, CDL-C

	Channel coding
	LDPC

	UE speed
	0km/h, 3km/h

	Number of UE antennas 
	1R,4R

	Number of gNB antennas
	1T,2T

	Tx EVM
	0, 2%

	Rx EVM
	0, 3%

	MCS
	{256QAM, 682.5}, {256QAM, 711}, {256QAM, 754}, 
{256QAM, 797}, {256QAM, 841}, {256QAM, 885}, 
{256QAM, 916}, {256QAM, 948}; 
{1024QAM, 716.8}, {1024QAM, 758.5}, {1024QAM, 806},
{1024QAM, 853}, {1024QAM, 900.5}.

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	273(200 for data)

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank1, Rank 2, 

	Channel estimation
	Realistic channel estimation



A.2 Simulation parameters for 1024QAM CQI table and MCS table
Table A.2	Simulation assumptions  
	Parameter
	Value

	Carrier frequency, SCS, System BW
	3.5GHz, 30kHz, 100 MHz 

	Channel model
	AWGN 

	Channel coding
	LDPC

	UE speed
	0km/h

	Number of UE antennas 
	1R

	Number of gNB antennas
	1T

	Tx EVM
	0%

	Rx EVM
	0%

	MCS
	1024QAM CQI table in Table 3
1024QAM MCS table in Table 4

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	273 (200 for data)

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank1, Rank 2, 

	Channel estimation
	Realistic channel estimation



A.3 256QAM MCS Table in NR
Table A.3	NR 256QAM MCS table [3]

	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved
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