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Introduction
In RAN#89-e meeting, following WID was endorsed to support DL 1024QAM for NR FR1. 

	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 RF 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.



This contribution discusses RAN1 specification impact related to 1024QAM including others than 1024QAM constellation, MCS and CQI tables. 

1 
2 
Modulation mapper, MCS table and CQI table
As per WID, the constellation, MCS table, and CQI table specified in LTE DL 1024QAM are to be reused in NR while some modifications are necessary such as the definition of modulation symbol, target code rate, and spectral efficiency for 1024 QAM MCS table. In Appendix, there are 1024QAM constellation and corresponding MCS, CQI tables. 
Proposal 1: Introduce modulation mapper for 1024 QAM in section 5.1.7 of TS 38.211 as follows: 
	5.1.7 1024QAM
In case of 1024QAM modulation, 10-tuplets of bits, , are mapped to complex-valued modulation symbols  according to
	



Regarding 1024 QAM MCS table, NR has supported flexible TBS size determination without using TBS table which is considered in LTE. So, it is necessary to discuss how to determine target code rates and spectral efficiencies.
Proposal 2: Support following 5 bits MCS table for 1024 QAM for TS 38.214 as a baseline, and discuss how to determine corresponding target code rate and spectral efficiency per MCS index. 
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	
	

	1
	2
	
	

	2
	2
	
	

	3
	2
	
	

	4
	2
	
	

	5
	4
	
	

	6
	4
	
	

	7
	4
	
	

	8
	6
	
	

	9
	6
	
	

	10
	6
	
	

	11
	6
	
	

	12
	6
	
	

	13
	6
	
	

	14
	6
	
	

	15
	8
	
	

	16
	8
	
	

	17
	8
	
	

	18
	8
	
	

	19
	8
	
	

	20
	8
	
	

	21
	8
	
	

	22
	8
	
	

	23
	10
	
	

	24
	10
	
	

	25
	10
	
	

	26
	10
	
	

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved



Proposal 3: Support following 4 bits CQI table for 1024 QAM for TS 38.214.  
	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



Other issues   
3 
LBRM  
In TS 38.212, maximum modulation order is considered to determine TBS of LBRM for DL-SCH. So, if 1024 QAM is introduced in NR, related sentence should be added. 
Proposal 4: Support following text proposal for TBSLBRM for TS 38.212.  
	[bookmark: _Toc19798705][bookmark: _Toc26467176][bookmark: _Toc29326531][bookmark: _Toc29327681][bookmark: _Toc36045871][bookmark: _Toc36046131][bookmark: _Toc36046277][bookmark: _Toc45209194][bookmark: _Toc51852367]5.4.2.1	 Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.







For the -th code block, let  if  and  otherwise, where, ,  is determined according to Clause 6.1.4.2 in [6, TS 38.214] for UL-SCH and Clause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH, assuming the following:
-	maximum number of layers for one TB for UL-SCH is given by X, where
[bookmark: _Hlk530131697]-	if the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter 
-	elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum value of maxRank across all BWPs of the serving cell
-	otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
-	maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where
-	if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter
-	otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell


-	if the higher layer parameter mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam1024', maximum modulation order = 10 is assumed for DL-SCH; else if the higher layer parameter mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam256', maximum modulation order  is assumed for DL-SCH; otherwise a maximum modulation order  is assumed for DL-SCH; 
Unchanged parts are omitted



PTRS time density
In TS 38.214, time density of PT-RS is determined based on scheduled MCS as well as MCS table. So, it needs additional sentence for 1024 QAM. Considering that MCS table for 1024 QAM is not defined in NR, it is sufficient to add some sentence as placeholder, and then it can be finalized when MCS table for 1024 QAM is available in NR. 
Proposal 5: Support following text proposal for PT-RS for TS 38.214.  
	5.1.6.3	  PT-RS reception procedure
Unchanged parts are omitted
-	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-x is smaller than yy, 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



Processing time capability
Since there is no restriction about frequency or time domain resource allocation, it is no doubt that maximum TBS size for 1024 QAM is approximated 1.25 times larger than current maximum TBS size that NR is supporting. From UE side, it would be challenging processing this larger TBS size within the same amount of processing timeline (e.g., N1). It is noted that a UE falls back to capability 1 (slow processing time) if the scheduled PRB is larger than 136 RBs and 30kHz is configured in case that capability 2 (fast processing time) is configured, in order to give a sufficient processing time to process large TBS size. In this sense, it needs to consider processing time relaxation for a UE supporting 1024 QAM. .
Proposal 6: Consider processing time relaxation for a UE supporting 1024 QAM.   

Conclusions
In this contribution, it was discussed on how to support 1024 QAM in NR specification. 

Proposal 1: Introduce modulation mapper for 1024 QAM in section 5.1.7 of TS 38.211 as follows: 
	5.1.7 1024QAM
In case of 1024QAM modulation, 10-tuplets of bits, , are mapped to complex-valued modulation symbols  according to
	



Proposal 2: Support following 5 bits MCS table for 1024 QAM for TS 38.214 as a baseline, and discuss how to determine corresponding target code rate and spectral efficiency per MCS index. 
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	
	

	1
	2
	
	

	2
	2
	
	

	3
	2
	
	

	4
	2
	
	

	5
	4
	
	

	6
	4
	
	

	7
	4
	
	

	8
	6
	
	

	9
	6
	
	

	10
	6
	
	

	11
	6
	
	

	12
	6
	
	

	13
	6
	
	

	14
	6
	
	

	15
	8
	
	

	16
	8
	
	

	17
	8
	
	

	18
	8
	
	

	19
	8
	
	

	20
	8
	
	

	21
	8
	
	

	22
	8
	
	

	23
	10
	
	

	24
	10
	
	

	25
	10
	
	

	26
	10
	
	

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved



Proposal 3: Support following 4 bits CQI table for 1024 QAM for TS 38.214.  
	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 4: Support following text proposal for TBSLBRM for TS 38.212.  
	5.4.2.1	 Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.







For the -th code block, let  if  and  otherwise, where, ,  is determined according to Clause 6.1.4.2 in [6, TS 38.214] for UL-SCH and Clause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH, assuming the following:
-	maximum number of layers for one TB for UL-SCH is given by X, where
-	if the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter 
-	elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum value of maxRank across all BWPs of the serving cell
-	otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
-	maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where
-	if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter
-	otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell


-	if the higher layer parameter mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam1024', maximum modulation order = 10 is assumed for DL-SCH; else if the higher layer parameter mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam256', maximum modulation order  is assumed for DL-SCH; otherwise a maximum modulation order  is assumed for DL-SCH; 
Unchanged parts are omitted



Proposal 5: Support following text proposal for PT-RS for TS 38.214.  
	5.1.6.3	  PT-RS reception procedure
Unchanged parts are omitted
-	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-x is smaller than yy, 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



Proposal 6: Consider processing time relaxation for a UE supporting 1024 QAM.   

Appendix 
4 
5 
[bookmark: _GoBack]1024QAM constellation (TS 36.211 v16.1.0)
	7.1.6	1024QAM
In case of 1024QAM modulation, 10-tuplets of bits, [image: ], are mapped to complex-valued modulation symbols [image: ] according to
	[image: ]



1024QAM MCS table (TS 36.213 v16.1.0)
	Table 7.1.7.1-1B. Modulation and TBS index table 3 for PDSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2 
	2
	0 

	1
	2 
	2
	2 

	2
	2 
	2
	4 

	3
	2 
	4
	6 

	4
	2 
	4
	8 

	5
	4 
	6
	11 

	6
	4 
	6
	13 

	7
	4 
	8
	15 

	8
	6 
	8
	16 

	9
	6 
	8
	18 

	10
	6 
	8
	20 

	11
	6 
	8
	21 

	12
	6 
	8
	22 

	13
	6 
	8
	23 

	14
	6 
	8
	24 

	15
	8 
	8
	25 

	16
	8 
	8
	27 

	17
	8 
	8
	28 

	18
	8 
	8
	29 

	19
	8 
	8
	30 

	20
	8 
	8
	31 

	21
	8 
	8
	32 

	22
	8 
	8
	33/33A/33B 

	23
	10
	10
	34A

	24
	10
	10
	35

	25
	10
	10
	36

	26
	10
	10
	37A/37

	27
	2 
	2 
	
reserved

	28
	4 
	4 
	

	29
	6 
	6 
	

	30
	8 
	8 
	

	31
	10
	10
	






1024QAM CQI table (TS 36.213 v16.1.0)
	Table 7.2.3-4: 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
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