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Introduction
In RAN plenary #90e, the work item has been revised to clarify the understanding of the note of MCS overhead whether it refers to LTE or NR. It was decided in the plenary that only 5-bit MCS table is to be specified to keep NR DC overhead similar to Rel-15.
	· 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



In the previous RAN1 meeting #103e, it was agreed to adopt LET 1024-QAM constellation and introduce RRC signalling for the indication of 1024-QAM MCS and CQI tables.
	Agreements:
· For supporting 1024-QAM in NR downlink, adopt the LTE 1024-QAM constellation.
· Introduce new RRC signaling to indicate use of 1024-QAM CQI table.
· 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



In this contribution, we discuss the remining issue of the design of 1024-QAM MCS and CQI tables.
1024-QAM MCS table (5-bit)
Similar to LTE, the design methodology of a 5-bit 1024-QAM MCS table is done by extending the current NR 256-QAM table (Table 5.1.3.1-2 in 38.213) by removing M low SE entries from the 256-QAM table and adding M entries for the 1024-QAM including one reserved entry for retransmission. A value of M=5 is selected as working assumption; four explicit entries plus one implicit entry for retransmission. There is consensus to keep the highest MCS entry corresponding to coding rate of 948/1024. Regarding the transition from 256-QAM to 1024 QAM, there was two alternatives whether to keep the highest coding rate of 256-QAM or considering adding a 1024-QAM entry mapped to the same spectrum efficiency (SE = 7.4063). 
Based on the working assumption, the four explicit 1024-QAM explicit entries were chosen to be equally spaced between coding rage of 7.7063 to 9.2578 as shown in the table below. In the last meeting, there were four different alternatives proposed to on select which (M=5) explicit entries to be removed from the 256-QAM MCS Table. Alternative 3 and 4 are kind of similar and based on low SE entries removal, while Alt 1 and Alt 2 are based on similar to LTE approach. 
The following proposals have been considered as working assumptions.
	For supporting 1024-QAM in NR downlink, adopt a five-bit MCS table with 1024-QAM entries.
· Highest MCS corresponds to code rate 948/1024, 1024-QAM
· Remove M explicit MCS entries (from MCS indices 0-26) from the NR 256QAM MCS table and add M new entries for 1024QAM
· Working assumption: M=5
· Introduce one implicit MCS entry corresponding to 1024QAM
· Introduce M-1 explicit MCS entries corresponding to 1024-QAM modulation
· For MCS entry corresponding to SE =7.4063 from 256QAM MCS table : select between Alt 1 and Alt 2.
 
	 Alt 1
	256QAM
	948
	7.4063

	Alt 2
	1024QAM
	[ 758.5]
	7.4063



For obtaining the five-bit MCS table with 1024-QAM entries,
· M=5 explicit MCS entries (from MCS indices 0-26) that are removed from the NR 256QAM table are FFS between:
· Alt 1: {5,7,9,12,14}
· Alt 2: {6, 8, 10, 12, 14}
· Alt 3: {2,4,6,8,10}
· Alt 4: {1,3,5,7,9}
· Working Assumption: Following four explicit 1024-QAM MCS entries are introduced


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

	10
	806
	7.8711

	10
	853
	8.330121

	10
	900.5
	8.7939

	10
	948
	9.2578







Based on the agreed evaluation assumption, we first compared the performance of transition point (Alt 1 vs Alt 2) using AWGN channel, 8Tx gNB and 4Rx UE. The complete set of simulation assumptions is listed in Table 1. The results for 1L with (0%, 0%) and (2%,3%) of (Tx, Rx) EVM are shown in Figure 2‑1 and Figure 2‑2 respectively.
[bookmark: _Hlk61882643][image: ]
[bookmark: _Ref61856718]Figure 2‑1: SNR Transition point (256-QAM and 1024-QAM) with Tx/Rx EVM
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[bookmark: _Ref61895592]Figure 2‑2 SNR Transition point (256-QAM and 1024-QAM) without Tx/Rx EVM
Observation 1: Alt 1 seems better choice to keep reasonable SNR gap between consecutive MCS at the transition point.
Observation 2: There is roughly 2dB gap between the proposed highest 1024-QAM MCS entries.
Proposal 1: Support Alt 1 and keep highest coding rate 256-QAM MCS entry.

To decide on which explicit entries to be removes, we performed a study with link-adaptation and compared the four different alternatives. Results are shown in Figure 2‑3. As expected at low SNR, Alt 1 and Alt 2 outperform due to the decimation of the low SE MCS entries, while at medium CNR, Alt 3 and Alt 4 outperform. Given that the 1024-QAM MCS table is targeted for high SNR operating point, Alt 3 or Alt 4 seems to be a better choice as it is not expected to operate that frequency at very low CNR. 
[image: ]
[bookmark: _Ref61895610]Figure 2‑3: Link adaptation results with the four alternative
Observation 3: Alt 1 and Alt 2 outperform at low CNR while Alt 3 and Alt 4 outperform at mid CNR. 
Proposal 2: Support Alt 3 (MCS entries {2,4,6,8,10} ) or Alt 4  (MCS entries  {1,3,5,7,9} ) to be removed from the 256-QAM MCS tables. 

 
DCI format 1_2
To increase the flexibility, DCI format 1_2 can support scheduling PDSCH with 1024-QAM MCS table. Separate RRC signalling should be introduced to support of 1024-QAM MCS table for DCI format 1_2.
Proposal 3: Support 1024-QAM MCS table for DCI format 1_2 with sperate RRC signalling than DCI format 1_1. 


CQI table
Similar design methodology should be adopted for the design of the CQI table. Starting from the 4-bit 256-QAM CQI table (Table 5.2.2.1-3 in 38.214), N entries can be removed while N new entries for the 1024-QAM should be added. Based on the discussion in the previous RAN1 meeting, two alternatives were discussed. The first one is like LTE CQI table and the second alternative is based on replacing CQI index 13 with similar SE of 1024 QAM entry. We believe that the CQI table should follow the MCS table design, so we prefer Alt 1 to keep CQI table similar to LTE.
Proposal 4: Support Alt 1 (same CQI table as LTE) with updated CQI index 14 with code rate of 853/1024.

	For supporting 1024-QAM in NR downlink, other than CQI index 13, adopt the LTE 1024-QAM CQI table entries 
· For CQI index 13: select between Alt 1 (same as LTE) and Alt 2.
· Note: for CQI index 14, the SE value (from LTE) is slightly updated 

	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: Alt 1
	256QAM
	948
	7.4063

	13: Alt 2
	1024QAM
	758.5
	7.4063

	14
	1024QAM
	853
	8.330121 

	15
	1024QAM
	948
	9.2578








Conclusion 
In this contribution, we presented our views on the remaining aspects related to the introduction of the 1024-QAM including MCS and CQI tables. Below is the summary of observation and proposals. 
Observation 1: Alt 1 seems better choice to keep reasonable SNR gap between consecutive MCS at the transition point.
Observation 2: There is roughly 2dB gap between the proposed highest 1024-QAM MCS entries.
Observation 3: Alt 1 and Alt 2 outperform at low CNR while Alt 3 and Alt 4 outperform at mid CNR. 

Proposal 1: Support Alt 1 and keep highest coding rate 256-QAM MCS entry.

Proposal 2: Support Alt 3 (MCS entries {2,4,6,8,10} ) or Alt 4  (MCS entries  {1,3,5,7,9} ) to be removed from the 256-QAM MCS tables. 

Proposal 3: Support 1024-QAM MCS table for DCI format 1_2 with sperate RRC signalling than DCI format 1_1. 

Proposal 4: Support Alt 1 (same CQI table as LTE) with updated CQI index 14 with code rate of 853/1024.

Reference
1. [bookmark: _Ref47436813]RP-202044, “New WID on Introduction of DL 1024QAM for NR FR1”, Ericsson. 
1. RP-202886, “Revised WID on Introduction of DL 1024QAM for NR FR1”, Nokia
1. R1-2009799, “Summary of Email discussion [103-e-NR-1024QAM-01]”, 

Appendix

[bookmark: _Ref61856634]Table 1: Link-level simulation assumption
	Parameter
	Value

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

	Channel model
	AWGN, CDL-B in TR 38.901 with 30/100ns delay spread 

	UE speed
	3km/h

	Number of UE antennas 
	1T4R

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

	Tx EVM
	0, 2%

	Rx EVM
	0, 3%

	MCS
	256 QAM, 1024 QAM 

	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
	Rank 1, 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
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