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1	Introduction
RAN1#90-e updated the WI on introduction of 1024-QAM for NR PDSCH with RAN4 as the leading WG, with objectives for RAN1 and RAN2, clarifying that a five-bit MCS table is specified for 1024-QAM. The objectives are as follows: 
[image: ]
The RAN1 objectives are quite straight-forward and leverages the already defined functionality for 1024-QAM introduced for LTE in Rel-15. This paper addresses remaining issues to specify support of 1024-QAM for NR. 
[bookmark: _Ref178064866]2	Discussion
2.0	Transition point between 256-QAM and 1024-QAM
In last RAN1 meeting, there was discussion about transition point between 256-QAM and 1024-QAM, and evaluation assumptions (as listed in the Annex B) were agreed to assess it. The detailed simulation assumptions are shown in Table 1, and figure 1 shows the corresponding results.
Table 1. Simulation assumptions for evaluation of transition point between 256-QAM and 1024-QAM. 
	Parameters
	Values

	SCS, CBW, Carrier frequency
	30kHz, 100MHz (273PRB), 3.5GHz

	Fading channel
	AWGN, TDLA30-3kmph

	Antenna configuration
	2x4 low correlation

	PDSCH configuration
	Type A, 12 symbols

	DMRS configuration
	Type 1, 1 DMRS

	Rank 
	1

	Tx EVM
	0%, 2%

	Coding rates and modulation
	0.7, 0.75, 0.8, 0.85, 0.9  
256-QAM and 1024-QAM
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Figure 1. Throughput vs SNR results for identifying transition point between 256-QAM and 1024-QAM. 
The results show that the transition point between 256-QAM and 1024-QAM lies in the range 7.2 ~7.5 bits/symbol. Given this, it seems reasonable to use the spectral efficiency corresponding to ~ 7.4 bits/symbol as the switching point for the 256 to 1024 QAM transition. 
[bookmark: _Toc61889658]Transition point between 256-QAM and 1024-QAM lies in the range between 7.2 bits/symbol to 7.5 bits/symbol

2.1	1024-QAM CQI table
According to the WID, a 4-bit CQI table containing 1024-QAM needs to be specified. To aid this, additional evaluations are performed for the full range of spectral efficiencies starting from the lowest spectral efficiency in the 256-QAM MCS table, to the highest spectral efficiency value for 1024-QAM, corresponding to Rmax = 948/1024 with 1024-QAM. The simulation assumptions are in Table 2 and spectral efficiency vs SNR for a 10% BLER target are shown in Figure 2. 
Table 2. Simulation assumptions for evaluation of SNR vs Spectral efficiency for different MCS values. 
	Parameters
	Values

	SCS, CBW
	30kHz, 106PRB

	Channel condition
	AWGN

	Antenna configuration
	1x1

	PDSCH configuration
	Type A, 13 symbols

	DMRS configuration
	Type 1, 1 DMRS symbol

	Rank
	1

	Tx EVM
	0%

	HARQ retransmission
	None

	MCS
	for QPSK/16-QAM/64-QAM and 256-QAM  Spectral efficiencies from 256-QAM MCS table
For 1024-QAM, coding rates in {716, 768, 819, 853, 870, 921, 948} /1024



[image: ]
Figure 2. Throughput vs SNR results for identifying transition point between 256-QAM and 1024-QAM. 

Firstly, the figure shows that the transition point of 948/1024 x 8 ~ 7.4 bits/symbol is a reasonable choice, which is the SE corresponding to highest CQI in the 256-QAM CQI table. At this spectral efficiency, either 256-QAM or 1024-QAM can be used, but it is simpler to use 256-QAM. 
The figure shows SNR range to cover is approximately between -5 dB and 32 dB. Given a four-bit CQI table, with one reserved entry for out-of-range and one for the lowest SE of 0.15 bits/symbol, 14 CQI levels need to be specified. One option is to redefine all the CQI levels : using a 3.5 dB SINR step size for up to 64-QAM (-5 dB ~18 dB SINR) and using about 2 dB SINR step size for remaining range with 256-QAM and 1024-QAM (~19 dB to 32 dB), or using different step sizes for different modulation orders. 
However, a more straight-forward option is to reuse the existing CQI levels from LTE 1024-QAM, which are shown in below Figure 3, which also reuses several CQI entries from NR 256-QAM CQI table. It shows that the SE are evenly distributed for each modulation order with about 3 dB step size in the range where 1024-QAM modulation order is supported. From our perspective, it is highly preferable to use CQI MCSes from the existing NR CQI tables (at least for modulation orders lower than 1024-QAM). 
[image: ]
Figure 3. Spectral efficiencies corresponding to CQI entries (except the lowest CQI value) marked in black. 
There would be two entries corresponding to 1024-QAM, corresponding to spectral efficiencies of 8.33 bits/symbol and 9.258 bits/symbol, the latter of which corresponding to coding rate of 948/1024, which is also the maximum coding rate target for CQI tables with 64-QAM and 256-QAM constellations.  The 1024-QAM CQI table for LTE is shown in Annex B. 
[bookmark: _Toc61889695]For NR, adopt the CQI table with 1024-QAM entries as specified in E-UTRA (From 36.213-fa0, subclause 7.2.3-4)
2.2	1024-QAM MCS table
In RAN#90, it was clarified that a 5-bit MCS table containing 1024-QAM should be specified. Following are some principles for deriving the 1024-QAM MCS table. Several of these aspects were discussed in last meeting.
· Five entries are needed for implicit MCS entries (used for retransmissions), corresponding to each of the five modulation orders (QPSK to 1024-QAM). 
· Four entries to cover the 1024-QAM spectral efficiency range from CQI table, and these can be obtained by interpolating adjacent spectral efficiencies from the corresponding CQI table, as shown below. The highest MCS corresponds to maximum coding rate of 948/1024 and 1024-QAM, which is the same maximum coding rate as assumed in NR. We do not see a strong need to define multiple MCSs for a given spectral efficiency (i.e. single MCS with multiple modulation orders) due to the limited MCS levels. 
· Modulation	rate x[1024]	SE
· 1024QAM 	806		7.8692
· 1024QAM 	853		8.3321
· 1024QAM 	900.5		8.79495
· 1024QAM 	948		9.2578
· For the remaining 23 entries, the MCSes can be defined in the range between MCS1 of the 256-QAM table (QPSK, rate 193/1024) and highest MCS 948/1024 and 256-QAM, with some decimation. For instance, the MCS entries 2,4,6,8,10 from the set MCS0-27 of NR 256-QAM table can be removed. While other decimation techniques are possible, we think it is better to skip alternate MCSes. Also, it is preferable to not delete those MCS entries from 256-QAM table for which there is a corresponding CQI entry. 

The above provides reasonably good range covering the lowest to highest spectral efficiencies, while maintaining reasonable granularity. 
[bookmark: _Toc61889696]For the 1024-QAM MCS table, five MCSes (27-31) are reserved for implicit MCS indication, corresponding to QPSK,16-QAM, 64-QAM, 256-QAM and 1024-QAM 
[bookmark: _Toc61889697]For NR DL, adopt the five-bit MCS table (from Table 3 of this contribution) with 1024-QAM entries 
Table 3. Proposed five-bit 1024-QAM MCS table.
	MCS Index

	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
Efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.377

	2
	2
	449
	0.877

	3
	4
	378
	1.4766

	4
	4
	490
	1.9141

	5
	4
	616
	2.4063

	6
	6
	466
	2.7305

	7
	6
	517
	3.0293

	8
	6
	567
	3.3223

	9
	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
	806
	7.8692

	24
	10
	853
	8.3321

	25
	10
	900.5
	8.79495

	26
	10
	948
	9.2578

	27
	2
	Reserved

	28
	4
	Reserved

	29
	6
	Reserved

	30
	8
	Reserved

	31
	10
	Reserved



2.3	Enabling 1024-QAM feature

Supporting 1024-QAM MCS for DCI format 1_2
The support of 1024-QAM MCS table for DCI format 1_2 was left as FFS from last meeting.
It was argued that there is not much benefit in enabling support for 1024-QAM with DCI format 1_2 since DCI format 1_2 is primarily targeted for URLLC use case, and 1024-QAM MCS is anyways used for a UE in very good SINR condition where the additional benefit of reducing payload size (from 1_1 to 1_2) is negligible. 
In our view, it is preferable to support 1024-QAM for DCI format 1_2 for spec consistency and to avoid unnecessary restrictions on scheduling of 1024-QAM. 
[bookmark: _Toc61889698]RRC signaling (mcs-TableDCI-1-2-r17) to indicate use of 1024-QAM MCS table for DCI format 1_2 is present only in PDSCH-config
a. [bookmark: _Toc61889699]When UE is configured with mcs-TableDCI-1-2-r17 set to ‘qam1024’ in PDSCH-Config, 
i. [bookmark: _Toc61889700]UE uses 1024-QAM MCS table for PDSCH scheduled with a DCI format 1_2 with CRC scrambled by C-RNTI, 
ii. [bookmark: _Toc61889701]UE uses 1024-QAM MCS table for PDSCH scheduled with the DCI format 1_2 with CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config
The introduction of the new higher modulation order and the new MCS table will also need to be reflected in few other parts of the RAN1 specification:
· 38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table.
· 38.214 - Per-cell data rate constraint (DataRateCC)  - Applied for implicit MCS levels used with 1024-QAM MCS table (W=26)
· [bookmark: _Hlk61811861]38.214 – MCS table determination based on the 1024-QAM MCS for DCI format 1_1
· [bookmark: _Hlk61811882]38.214 – TBS determination based on the 1024-QAM MCS table for DCI format 1_1

TPs are provided in the Annex D for the above changes, and it is proposed to adopt these TPs.
Note if 1024-QAM is also supported for DCI format 1_2, then the corresponding spec changes are needed in MCS/TBS determination. 
[bookmark: _Toc61889659]Following additional spec changes are identified for support of 1024-QAM MCS on DL
a. [bookmark: _Toc61889660]38.214 - Per-cell data rate constraint (DataRateCC) - applied for implicit MCS levels used with 1024-QAM MCS table (i.e. W=26)
b. [bookmark: _Hlk61811831][bookmark: _Toc61889661]38.214 – MCS table determination based on the 1024-QAM MCS for DCI format 1_1
c. [bookmark: _Toc61889662]38.214 – TBS determination based on the 1024-QAM MCS table for DCI format 1_1
d. [bookmark: _Toc61889663]38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table

[bookmark: _Toc61889702]Adopt TP1 from Annex E for subclause 5.1.3 of 38.214 for reflecting 1024-QAM MCS table in per-cell data rate constraint
[bookmark: _Toc61889703]Adopt TP2 from Annex E for subclause 5.1.3.1 of 38.214 for modulation order determination based on 1024-QAM MCS table for DCI format 1_1
[bookmark: _Toc61889704]Adopt TP3 from Annex E for subclause 5.1.3.2 of 38.214 for TB size determination based on 1024-QAM MCS table for DCI format 1_1
[bookmark: _Toc61889705]Adopt TP4 from Annex E for subclause 5.1.6.3 of 38.214 for PT-RS determination based on 1024-QAM MCS table

2.4	LS/RRC parameters to RAN2
According to the WI objective, RAN2 will specify the RRC signaling and UE capability for the introduction of 1024-QAM. In last RAN1 meeting, a draft LS and RRC parameter list for support of 1024-QAM was discussed. Given that RAN1 work would be completed in current meeting, a LS should be sent to RAN2 informing them of the agreements relevant to their work. 
[bookmark: _Toc61889706]Send a LS to RAN2 indicating the RRC parameters needed for support of 1024-QAM for NR PDSCH
Conclusion
In the previous sections we made the following observations: 
Observation 1	Transition point between 256-QAM and 1024-QAM lies in the range between 7.2 bits/symbol to 7.5 bits/symbol
Observation 2	Following additional spec changes are identified for support of 1024-QAM MCS on DL
a.	38.214 - Per-cell data rate constraint (DataRateCC) - applied for implicit MCS levels used with 1024-QAM MCS table (i.e. W=26)
b.	38.214 – MCS table determination based on the 1024-QAM MCS for DCI format 1_1
c.	38.214 – TBS determination based on the 1024-QAM MCS table for DCI format 1_1
d.	38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table

Based on the discussion in the previous sections we propose the following:
Proposal 1	For NR, adopt the CQI table with 1024-QAM entries as specified in E-UTRA (From 36.213-fa0, subclause 7.2.3-4)
Proposal 2	For the 1024-QAM MCS table, five MCSes (27-31) are reserved for implicit MCS indication, corresponding to QPSK,16-QAM, 64-QAM, 256-QAM and 1024-QAM
Proposal 3	For NR DL, adopt the five-bit MCS table (from Table 3 of this contribution) with 1024-QAM entries
Proposal 4	RRC signaling (mcs-TableDCI-1-2-r17) to indicate use of 1024-QAM MCS table for DCI format 1_2 is present only in PDSCH-config
a.	When UE is configured with mcs-TableDCI-1-2-r17 set to ‘qam1024’ in PDSCH-Config,
i.	UE uses 1024-QAM MCS table for PDSCH scheduled with a DCI format 1_2 with CRC scrambled by C-RNTI,
ii.	UE uses 1024-QAM MCS table for PDSCH scheduled with the DCI format 1_2 with CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config
Proposal 5	Adopt TP1 from Annex E for subclause 5.1.3 of 38.214 for reflecting 1024-QAM MCS table in per-cell data rate constraint
Proposal 6	Adopt TP2 from Annex E for subclause 5.1.3.1 of 38.214 for modulation order determination based on 1024-QAM MCS table for DCI format 1_1
Proposal 7	Adopt TP3 from Annex E for subclause 5.1.3.2 of 38.214 for TB size determination based on 1024-QAM MCS table for DCI format 1_1
Proposal 8	Adopt TP4 from Annex E for subclause 5.1.6.3 of 38.214 for PT-RS determination based on 1024-QAM MCS table
Proposal 9	Send a LS to RAN2 indicating the RRC parameters needed for support of 1024-QAM for NR PDSCH
[bookmark: _In-sequence_SDU_delivery] 
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Annex A (1024-QAM CQI table for LTE)
From 36.213-fa0, subclause 7.2.3 
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



Annex B (Agreements from RAN1#103-e)
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 ‘qam1024’ in PDSCH-Config, 
· 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
Agreements:
· Adopt following TP for in 38.212, subclause 5.4.2.1 for TBS_LBRM determination. 
[image: 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-r17 given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam1024', maximum modulation order   is assumed for DL-SCH, elseif 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 else a maximum modulation order   is assumed for DL-SCH; 
Unchanged parts are omitted
]
Agreements:
· Adopt following text proposal for TS 38.201, subclause 4.2.2.
	-------------------------------------------------------- Omitted -----------
4.2.2          Physical channels and modulation
-------------------------------------------------------- Omitted ---------------
The modulation schemes supported are 
-    in the downlink, QPSK, 16QAM, 64QAM, and 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 ------



Agreements:
· Adopt following TP for 38.211 to reflect the agreed 1024-QAM constellation. 
[image: ]

Agreements:
· Adopt following TP to 38.211, subclause 7.3.1.2, to reflect 1024-QAM support for PDSCH
Section 7.3.1.2 
Table 7.3.1.2-1: Supported modulation schemes.
	Modulation scheme
	Modulation order [image: ]

	QPSK
	2

	16QAM
	4

	64QAM
	6

	256QAM
	8

	1024QAM
	10



Agreements:
· Adopt following TP for 38.214, subclause 5.2.2.1, reflecting the 1024-QAM CQI table usage based on corresponding RRC parameter as follows. 
· Note : RAN1 to further align with the RAN2 signaling design
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 if the higher layer parameter cqi-Table-r17 in CSI-ReportConfig configures ‘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 -------------------------------------------------------------------------------------------------------------------------

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



Annex C (RRC parameters for support of 1024-QAM for NR PDSCH)


	<WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect (see note)
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	NR_DL1024QAM_FR1
	1024-QAM
	38.214
	5.1.3 for 38.214
	PDSCH-Config
	mcs-Table-r17
	New
	mcs-Table-r17
	Configuration of 1024-QAM MCS table for DCI format 1_1 with CRC scrambled by C-RNTI and CS-RNTI
	qam1024'
	NA
	per serving cell
	UE specific
	38.331
	<Add RAN1 agreements>

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NR_DL1024QAM_FR1
	1024-QAM
	38.214
	5.2.2.1 for 38.214
	CSI-ReportConfig 
	cqi-Table-r17
	New
	cqi-Table-r17
	Configuration of 1024-QAM CQI table 
	qam1024'
	NA
	per serving cell
	UE specific
	38.331
	<Add RAN1 agreements>






Annex D (Text proposals)

<begin TP1 for 38.214>
[bookmark: _Toc11352090][bookmark: _Toc20317980][bookmark: _Toc27299878][bookmark: _Toc29673143][bookmark: _Toc29673284][bookmark: _Toc29674277][bookmark: _Toc36645507][bookmark: _Toc45810552][bookmark: _Toc60777128][bookmark: _Hlk61547353]5.1.3	Modulation order, target code rate, redundancy version and transport block size determination
<omit unchanged text>
For a j-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured for the serving cell and set to 'enable', or if at least one IMCS > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS table 5.1.3.1-2, and W = 26 for MCS table 5.1.3.1-4, the UE is not required to handle PDSCH transmissions, if the following condition is not satisfied:
<omit unchanged text>
<end TP1 for 38.214>

<begin TP2 for 38.214>
[bookmark: _Toc11352091][bookmark: _Toc20317981][bookmark: _Toc27299879][bookmark: _Toc29673144][bookmark: _Toc29673285][bookmark: _Toc29674278][bookmark: _Toc36645508][bookmark: _Toc45810553][bookmark: _Toc60777129][bookmark: _Hlk61548091]5.1.3.1	Modulation order and target code rate determination
For the PDSCH scheduled by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, MSGB-RNTI, or P-RNTI, or for the PDSCH scheduled without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration SPS-Config, 
if the higher layer parameter mcs-Table-r17 given by PDSCH-Config is set to 'qam1024', and the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
if the higher layer parameter mcs-TableDCI-1-2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-TableDCI-1-2 given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk497815485]elseif the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk515440637][bookmark: _Hlk515440310]elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format 1_2 in a UE-specific search space with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with MCS-C-RNTI, and the PDSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-Config, and the higher layer parameter mcs-Table-r17 given by PDSCH-Config is set to 'qam1024', 
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
-	if the PDSCH with SPS activated by DCI format 1_1 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, and the higher layer parameter mcs-TableDCI-1-2 given by PDSCH-Config is set to 'qam256',
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI or
-	if the PDSCH with SPS activated by DCI format 1_2 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-Config, and the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', 
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
-	if the PDSCH with SPS activated by DCI format 1_1 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with the higher layer parameter mcs-Table given by SPS-Config set to 'qam64LowSE'
-	if the PDSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end
<omit unchanged text>
<end TP2 for 38.214>




<begin TP3 for 38.214>
[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29673286][bookmark: _Toc29674279][bookmark: _Toc36645509][bookmark: _Toc45810554][bookmark: _Toc60777130]5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.



For the PDSCH assigned by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table 5.1.3.1-2 is used and , if Table 5.1.3.1-4 is used and , or a table other than Table 5.1.3.1-2 is used and , the UE shall, except if the transport block is disabled in DCI format 1_1, first determine the TBS as specified below:
<omit unchanged text>

4)	When , TBS is determined as follows.


[bookmark: _GoBack]-	quantized intermediate number of information bits , where and ties in the round function are broken towards the next largest integer.

-	if 


, where 
else

if 


, where 
else


end if
end if

else if Table 5.1.3.1-4 is used and , 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.

else if Table 5.1.3.1-2 is used and , 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
else 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using, and if the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
<omit unchanged text>
<end TP3 for 38.214>



<begin TP4 for 38.214>
[bookmark: _Toc11352103][bookmark: _Toc20317993][bookmark: _Toc27299891][bookmark: _Toc29673156][bookmark: _Toc29673297][bookmark: _Toc29674290][bookmark: _Toc36645520][bookmark: _Toc45810565][bookmark: _Toc60777141]5.1.6.3	PT-RS reception procedure
[bookmark: _Hlk497901566][bookmark: _Hlk500829290]<omit unchanged text>
[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 [INDEX of FIRST-16QAM ENTRY of 1024-QAM Table], 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 
Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS
	[bookmark: _Hlk497926106]Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



[bookmark: _Hlk497901610][bookmark: _Hlk497925681]If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig, the UE assumes PT-RS is not present. 
The higher layer parameter PTRS-DownlinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and with values in range 0-29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is used and 0-28 when MCS Table 5.1.3.1-2 is used, and 0-27 when MCS Table 5.1.3.1-4 is used, respectively. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is used and 28 when MCS Table 5.1.3.1-2 is used and 27 when MCS Table 5.1.3.1-4 is used, respectively. The higher layer parameter frequencyDensity in PTRS-DownlinkConfig provides the parameters NRBi i=0,1 with values in range 1-276.
If the higher layer parameter PTRS-DownlinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPT-RS of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If the higher layer parameter PTRS-DownlinkConfig indicates that the frequency density thresholds NRBi = NRBi +1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-2 is disabled.
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, indicates that 'PT-RS not present', the UE shall assume that PT-RS is not present.
[bookmark: _Hlk497928825]When the UE is receiving a PDSCH with allocation duration of 2 symbols as defined in Clause 7.4.1.1.2 of [4, TS 38.211] and if LPT-RS is set to 2 or 4, the UE shall assume PT-RS is not transmitted. 
When the UE is receiving a PDSCH with allocation duration of 4 symbols and if LPT-RS is set to 4, the UE shall assume PT-RS is not transmitted.
When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where V=28 for MCS Table 5.1.3.1-1 and Table 5.1.3.1-3, and V=27 for MCS Table 5.1.3.1-2, and V=26 for MCS Table 5.1.3.1-4 respectively, the MCS for the PT-RS time-density determination is obtained from the DCI received for the same transport block in the initial transmission, which is smaller than or equal to V. 
<omit unchanged text>
<end TP4 for 38.214>
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   Specify h i gh order  modulation for  PDSCH [RAN1]   o   Specify  1024QAM cons t ellati on as specified in E - UTRA for DL PDSCH   o   Specify   corresponding  5 - b i t  MCS  table   with 1024QAM entries as defined in E - UTRA , with 5 bit  DCI overhead for MCS  indication   o   Specify   corresponding   CQI feedb ack   with 1024QAM entries as  defin e d in E - UTRA , with no changes   to the CQI field and table sizes      Spec ify  corresponding   RRC signalling and UE capabilities [RAN2 ]   o   Note: DL PDSCH 1024QAM for FR1 should be define d as a per - band UE capability      Specify  corresponding   UE   and  BS   RF  core  requir ements  [RAN4]   o   UE  and  BS   RF  core  req uir ements  are sp ecifie d for  stationary wireless scenarios   with up to 2 layer  DL MIMO   o   The cell size(s) and type of stationary wireless scenarios f or which UE and BS RF core requirements are  defined will be studied and decided by RAN4 .  
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5421 Bit selection
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--------------------------------------------------------   Omitted   ------- ----------------------------------------------   5.1.7       1024QAM    In case of 1024QAM modulation, 10 - tuplets  of bits,  𝑏 ሺ 10 𝑖 ሻ , 𝑏 ሺ 10 𝑖 + 1 ሻ , 𝑏 ( 10 𝑖 + 2 ) , 𝑏 ( 10 𝑖 + 3 ) , 𝑏 ( 10 𝑖 + 4 ) , 𝑏 ( 10 𝑖 + 5 ) , 𝑏 ( 10 𝑖 + 6 ) , 𝑏 ( 10 𝑖 + 7 ) , 𝑏 ( 10 𝑖 + 8 ) , 𝑏 ( 10 𝑖 + 9 ) ,  are mapped to complex - valued modulation symbols  𝑑 ( 𝑖 )   according to   𝑑 ሺ 𝑖 ሻ = 1 ξ 682   ቊ ൫ 1 − 2 𝑏 ሺ 10 𝑖 ሻ ൯ ቈ 16 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 2 ሻ ൯ ൤ 8 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 4 ሻ ൯ ቂ 4 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 6 ሻ ൯ ሾ 2 − ( 1 − 2 𝑏 ሺ 10 𝑖 + 8 ሻ ) ሿ ቃ ൨ ቉ + 𝑗 ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 1 ሻ ൯ ቈ 16 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 3 ሻ ൯ ൤ 8 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 5 ሻ ൯ ቂ 4 − ൫ 1 − 2 𝑏 ሺ 10 𝑖 + 7 ሻ ൯ ሾ 2 − ( 1 − 2 𝑏 ( 10 𝑖 + 9 ) ) ሿ ቃ ൨ ቉ ቋ       --------------------------------------------------------   Omitted   ------- ----------------------------------------------  
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