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1. Introduction
In RAN#89e meeting the work item on downlink 1024QAM support in FR1 was agreed for Rel-17 [1]. The objectives of WID include specification of MCS and CQI tables supporting 1024QAM. 
	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



In this contribution, we propose details of the corresponding enhancements for Rel-17.
2. CQI table design for 1024QAM
According to 1024QAM WID objective 1024QAM CQI table for NR should support the same 1024QAM entries as in LTE. It is, therefore, proposed to adopt the corresponding table without modifications as shown in Table 1.
[bookmark: _Ref54371481]Table 1 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



3. MCS table design for 1024QAM 
LTE supports two MCS tables for 1024QAM – with 5 bits and 6-bits overhead. The 5-bits MCS table is designed using MCS sub-sampling principles, while 6-bits on the MCS table aggregation. In this section we provide similar design options with 1024QAM for Rel-17 NR. 
3.1. Discussion on 5-bit MCS table
For 5-bit MCS table design with 1024QAM, we propose to use the following principles:
· 256QAM MCS table is used as a starting point for introduction of 1024QAM
· Remove five MCS entries from 256QAM MCS table
· Remove every other MCS entry with lowest spectral efficiency
· Consider MCS entries which were not sub-sampled for 256QAM 
· MCS #5, #7, #9, #12, #14 can be considered as candidate for removal from 256QAM table
· Introduce 5 additional MCS entries supporting 1024 QAM 
· 4 MCS with TBS indication
· 1 for adaptive HARQ without TBS indication
· Define spectral efficiency for 1024QAM entries as follows
· Two MCS entries (out of 4) have the same spectral efficiency as in CQI table
· Two additional MCS entries (out of 4) have spectral efficiency linearly interpolated from spectral efficiencies of the nearest MCS entries
· Quantize the spectral efficiency and coding rates 
· Order according to modulation order and spectra efficiency
Using the above principles, the following MCS table supporting 1024QAM is proposed as show in Table 2, where 1024QAM entries are highlighted in yellow:
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	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
	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
	8.3321

	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


 
3.2. Discussion on 6-bit MCS table
In Rel-15 LTE it was observed that sub-sampling of “legacy” MCS tables (to accommodate 256QAM or 1024QAM entries) leads to performance degradation for some SNR region. In addition, TBS selection procedure may be highly sub-optimal as it does not account potential difference in overhead from the reference signal (e.g. from CSI-RS) and different DL subframes. As the result, PDSCH in the DL subframes containing CSI-RS may have substantially higher coding rates for all MCS entries in many cases exceeding maximum coding rate threshold. To solve the above issues, 6-bits MCS table was introduced for LTE, where MCS for all modulation schemes are kept. In addition, some MCS values are replicated but with different overhead to support dynamic adaptation of TBS. 
Although Rel-16 NR allows dynamic adaptation between 64QAM and 256QAM MCS table by using MCS-RNTI, the issue of varying overhead due to CSI-RS or rate matching resources is not yet addressed in NR systems. As the results, it is expected that similar performance degradation may be observed in NR systems as in LTE. 
To overcome the above issues, we propose 6-bits MCS table, which is constructed based on a similar principle as 6-bit MCS table in LTE. More specifically, the following design rules can be formulated:
· 6-bit MCS table support all modulation schemes, i.e. QPSK, 16QAM, 64QAM, 256QAM and 1024QAM
· The unsupported modulations are not expected to be indicated for the UE in DCI
· MCS entries for all modulation schemes are included without MCS sub-sampling
· Several MCS entries support the same spectral efficiencies, but associated with different overhead parameter for TBS selection
· Additional overhead parameter is configured by RRC
The proposed MCS tables based on the above principles is shown in Table 3
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	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency
	Index i for overhead parameter 

	0
	2
	120
	0.2344
	0

	1
	2
	157
	0.3066
	0

	2
	2
	193
	0.3770
	0

	3
	2
	251
	0.4902
	0

	4
	2
	308
	0.6016
	0

	5
	2
	379
	0.7402
	0

	6
	2
	449
	0.8770
	0

	7
	2
	526
	1.0273
	0

	8
	2
	602
	1.1758
	0

	9
	2
	679
	1.3262
	0

	10
	4
	340
	1.3281
	0

	11
	4
	378
	1.4766
	0

	12
	4
	434
	1.6953
	0

	13
	4
	490
	1.9141
	0

	14
	4
	553
	2.1602
	0

	15
	4
	616
	2.4063
	0

	16
	4
	658
	2.5703
	0

	17
	6
	438
	2.5664
	0

	18
	6
	466
	2.7305
	0

	19
	6
	517
	3.0293
	0

	20
	6
	567
	3.3223
	0

	21
	6
	616
	3.6094
	0

	22
	6
	666
	3.9023
	0

	23
	6
	719
	4.2129
	0

	24
	6
	772
	4.5234
	0

	25
	6
	822
	4.8164
	0

	26
	6
	873
	5.1152
	0

	27
	6
	910
	5.3320
	0

	28
	6
	948
	5.5547
	0

	29
	8
	682.5
	5.3320
	0

	30
	8
	711
	5.5547
	0

	31
	8
	754
	5.8906
	0

	33
	8
	797
	6.2266
	0

	33
	8
	841
	6.5703
	0

	34
	8
	885
	6.9141
	0

	35
	8
	916.5
	7.1602
	0

	36
	8
	948
	7.4063
	0

	37
	10
	797
	7.7833
	0

	38
	10
	841
	8.2129
	0

	39
	10
	885
	8.6426
	0

	40
	10
	916.5
	8.9503
	0

	41
	10
	948
	9.2578
	0

	42
	4
	616
	2.4063
	1

	43
	4
	658
	2.5703
	1

	44
	6
	772
	4.5234
	1

	45
	6
	822
	4.8164
	1

	46
	6
	873
	5.1152
	1

	47
	6
	910
	5.3320
	1

	48
	6
	948
	5.5547
	1

	49
	8
	797
	6.2266
	1

	50
	8
	841
	6.5703
	1

	51
	8
	885
	6.9141
	1

	52
	8
	916.5
	7.1602
	1

	53
	8
	948
	7.4063
	1

	54
	10
	797
	7.7833
	1

	55
	10
	841
	8.2129
	1

	56
	10
	885
	8.6426
	1

	57
	10
	916.5
	8.9503
	1

	58
	10
	948
	9.2578
	1

	59
	2
	reserved
	-

	60
	4
	reserved
	-

	61
	6
	reserved
	-

	62
	8
	reserved
	-

	63
	10
	reserved
	-


.






It can be seen from the Table 3 that different entries in MCS table may be associated with different number of resource elements  which is used for calculation of the available resource elements in the resource block. The value , where  configured by higher layers (e.g. in RRC). The parameter defining second overhead, may also support larger overhead values comparing to Rel-15 to accommodate scenarios with extreme large CSI-RS overhead. 
4. Conclusion
In this contribution, we have provided our views on the details of 1024QAM support in NR. The following proposal were made:
· For CQI design with 1024QAM, adopt the Table 1 (same as LTE CQI table)
· For MCS design adopt both 5-bits and 6-bits MCS tables
· 5-bits MCS table is constructed based on sub-sampling principle (provided in Table 2)
· 6-bit MCS table is constructed based on aggregation principles and (provided in Table 3) 
· Some of MCS entries may has the same spectral efficiency, but associated with different overhead parameter configured by RRC
· The second value for overhead support extended the range of candidate values 
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