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1	Introduction
RAN #90-e revised RAN-1 led objectives for Introduction of DL 1024QAM WID [1] for clarity:
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

2	PDSCH Configuration for 1024QAM
In RAN WG1 #103-e the following agreement was made [2]: 
	
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




2.1	Support of 1024QAM with DCI format 1_2
In RAN WG1 #103-e, agreement was made to introduce a new MCS table that includes 1024QAM entries to support higher spectral efficiency. As clarified in [1], the scope of the work in this WI is limited to the design of a table which preserves DCI overhead with existing MCS tables, i.e. 5-bit MCS table and 4-bit CQI table. In RAN#103-e some companies proposed excluding configuration of DCI format 1_2 with the newly introduced MCS table, since DCI format 1_2 has been introduced for the purpose of URLLC operation.  As noted in discussion on URLLC, excluding high SE configurations, overlooks the possibility that a UE might be in a good channel condition and could use the opportunity to transmit with higher MCS. Since the scope of the WI has been limited to avoid re-design of DCI formats, we do not see a clear motivation to exclude configuration of the newly introduced 1024QAM MCS table with DCI format 1_2, and effort should be made to maximize device flexibility.
Proposal 1: Introduce new RRC signalling to indicate the use of 1024-QAM MCS table for DCI format 1_2.
Proposal 2: DCI format 1_1 and format 1_2 should be configured independently
2.2	Support of 1024QAM for semi-persistent scheduling
A similar argument as regarding DCI format 1_2 has been made for excluding the use of the 1024QAM MCS table configured by SPS-Config; however, given the limited scope as discussed previously, there is not a compelling reason to believe that allowing configuration of 1024QAM MCS table with SPS-Config should create additional specification issues. Rather, effort should be made to maximize deployment flexibility. 
Proposal 3: Introduce new RRC signalling to indicate the use of 1024-QAM MCS table with SPS-Config


3	Evaluation of 1024QAM performance for NR
In [2] the following agreement was made:
	
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






However, the agreed upon evaluation assumptions require some clarification since CDL channel models require more details on  antenna array modelling parameters. Consequently, the evaluation results presented use the following revised simulation assumptions.

	PARAMETER
	VALUE

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

	Channel model
	AWGN, CDL-B or CDL-D with up to 30ns delay spread 

	UE speed
	0km/h

	Number of UE antennas 
	CDL: [1,2,2,1,1]
d_v = d_h = 0.5l
AWGN: 1, 4

	Number of gNB antennas
	CDL: [4,8,2,1,1]
d_v = d_h = 0.5l
AWGN: 1, 4


	Antenna element vertical radiation pattern
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	Antenna element horizontal radiation pattern
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	MCS
	256 QAM, 1024 QAM 
Coding Rate*: 0.70, 0.75, 0.80, 0.85, 0.90

	DMRS type
	DM-RS type 1

	Number of scheduled RBs
	273

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank1

	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



Simulation results for AWGN (Figure 1), and CDL-B (Figure 2), and CDL-D (Figure 3) are shown below. Simulation results indicate that the relative performance of 256QAM and 1024QAM vary depending on channel conditions. As illustrated, MCS 27 (256QAM, 948/1024 target code rate) has roughly equivalent performance to 1024QAM, 0.7 TCR in AWGN channel, however MCS 27 performance is more comparable to 1024QAM with TCR of 0.8 in CDL-B.  For CDL-D MCS 27 has comparable performance to 1024QAM with TCR of 0.74.  Based on the observed results it appears that 1024QAM performance improves relative to 256QAM as channel multipath increases.  
Observation 1: Optimal MCS crossover varies with channel conditions.
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[bookmark: _Ref61541060]Figure 1 Receiver performance for 256QAM and 1024QAM configurations in AWGN channel

[image: ]
[bookmark: _Ref61541076]Figure 2 Receiver performance for 256QAM and 1024QAM configurations in CDL-B channel
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[bookmark: _Ref61549772]Figure 3 Receiver performance for 256QAM and 1024QAM configurations in CDL-D channel

Simulation results for rank 4 MIMO are shown in Figure 3.  Results indicate that, despite a proportional gain seen for each MCS configuration, the optimal crossover MCS configuration is not altered significantly relative to the performance shown in Figure 1.  Estimated crossover code rate for 4x4 MIMO is 0.7.  
Observation 2: Optimal crossover MCS is invariant to MIMO configuration
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[bookmark: _Ref61542732]Figure 4: 4x4 MIMO receiver performance for AWGN channel
Based on the observed results, the crossover point should be determined based on the most likely channel conditions to be expected for use with 1024QAM MCS table.  Assuming that 1024QAM MCS table will likely be used for LOS channels with high SNR, a crossover SE of 7.4 bits/symbols. 
Proposal 4: Crossover SE should be assumed to 7.4 bits/symbol between 256QAM and 1024QAM MCS table entries
Assuming that Receiver performance is scaling linearly with SE, simulation results for CDL-D indicate that increasing the SE for 1024QAM by an additional bit/symbol requires an approximate 2.5 dB increase in SNR. Using 7.4 bits/symbol as the crossover SE between 256QAM and 1024QAM, and 9.48 bits/symbols as peak SE, it can be estimated that using 4 explicit MCS entries would result in a relative performance spacing of 1.25 dB in SNR, while the use of 5 explicit MCS entries would result performance spacing of 1.04 dB in SNR.  Since the relative spacing between 256QAM MCS entries is approximately 1 dB, the use of 5 explicit MCS table entries for 1024QAM would provide more consistent behavior over the entire range of MCS table entries.  Five evenly spaced MCS table entries between 7.4 bits/symbol and 9.48 bits/symbol would results in MCS table entries shown in Table 1.
[bookmark: _Ref61553850]Table 1 Proposed MCS table entries for 1024QAM MCS table
	Modulation Order, Qm
	Target code Rate R x [1024]
	Spectral efficiency

	10
	796
	7.773

	10
	834
	8.145

	10
	872
	8.516

	10
	910
	8.887

	10
	948
	9.258



Proposal 5: Replace 5 entries in the new 1024QAM MCS table with the entries proposed in Table 1.
To preserve DCI overhead 5 entries will need to be removed from the existing 256QAM MCS table.  In removing entries, effort should be made to preserve equal spacing in relative receiver performance between MCS table entries.  Additionally, since the newly proposed 1024QAM MCS table is expected to be in use for high quality links MCS table, entries with lower SE should be removed. 
As noted in RAN 103-e, the following agreements were reached in constructing the 1024QAM MCS table for LTE
	
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}.




Given the WID directive to define the NR 1024QAM MCS table as defined in E-UTRA, this approach seems suitable; however, a need exists to remove an additional table entry to account for 6 new MCS table entries (5 explicit, and 1 implicit).  As noted, the expectation is for 1024QAM operation to be supported only in very high SNR scenarios, the motivation for preserving the lowest MCS entry is unclear and so we propose to remove that entry as well.
Proposal 6: Produce a new 1024QAM MCS table from the NR 256 QAM MCS table by removing MCS table entries, 1, 5, 7, 9, 12, and 14 and adding the entries proposed in Table 1.
5	Conclusions
In this contribution we propose the following for support of 1024QAM DL in NR:

Proposal 1: Introduce new RRC signalling to indicate the use of 1024-QAM MCS table for DCI format 1_2.
Proposal 2: DCI format 1_1 and format 1_2 should be configured independently
Proposal 3: Introduce new RRC signalling to indicate the use of 1024-QAM MCS table with SPS-Config
Observation 1: Optimal MCS crossover varies with channel conditions.
Observation 2: Optimal crossover MCS is invariant to MIMO configuration
Proposal 4: Crossover SE should be assumed to 7.4 bits/symbol between 256QAM and 1024QAM MCS table entries
Proposal 5: Crossover SE should be assumed to 7.4 bits/symbol between 256QAM and 1024QAM MCS table entries
Proposal 6: Produce a new 1024QAM MCS table from the NR 256 QAM MCS table by removing MCS table entries, 1, 5, 7, 9, 12, and 14 and adding the entries proposed in Table 1.
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