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1. Introduction
In RAN1#90b the following conclusions were reached regarding support of 1024QAM for PDSCH
· RAN1 has observed different degrees of performance improvement due to support of 1024QAM in some scenarios based on link level evaluations. 
· RAN1 has not conducted system level simulation and thus did not confirm the benefits of 1024QAM on system level.
· RAN1 has concluded that 1024QAM is beneficial to achieve higher peak data rates than 256QAM and recommends to specify 1024QAM at least for some types of UEs (e.g. CPE)

In this contribution we present our views on specification impact for the introduction of 1024QAM for PDSCH.
2. Modulation definition

1024QAM gray coding is an extension of the current 256QAM, for which the octuplet of bits  is mapped to:


Table, shows the gray coding of 1024QAM for either I or Q dimension.












Table 1 Gray coding of 1024QAM in one dimension
	Gray code 
	Lattice point (ignoring the scaling factor of 1)

	Gray code 
	Lattice point (ignoring the scaling factor of 1)


	01111
	31
	11111
	-31

	01110
	29
	11110
	-29

	01100
	27
	11100
	-27

	01101
	25
	11101
	-25

	01001
	23
	11001
	23

	01000
	21
	11000
	-21

	01010
	19
	11010
	-19

	01011
	17
	11011
	-17

	00011
	15
	10011
	-15

	00010
	13
	10010
	-13

	00000
	11
	10000
	-11

	00001
	9
	10001
	-9

	00101
	7
	10101
	-7

	00100
	5
	10100
	-5

	00110
	3
	10110
	-3

	00111
	1
	10111
	-1




Proposal 1: Adopt the following modulation definition for 1024QAM:	




3. Specification impact
In this section, we outline the necessary specification impact of introducing 1024QAM:
- New entries to the TBS table: The new entries to the TBS table should follow legacy MCS as much as possible (e.g. 1024QAM entries but with small number of PRBs).
- New MCS design: Similar to the changes introduced in 256QAM, some lower entries can be removed from the 256QAM table, and replace them by some entries for higher spectral efficiency.
- New CQI table: The modification to the CQI table should follow a similar principle as that for 256QAM: Remove some entries in the lower part of the CQI table (keeping the lowest one), and add some uniformly spaced entries for 1024 QAM.
- Categories/capabilities: including applicability of 1024QAM for existing capabilities, and new categories.
- Configuration of 1024QAM: RRC signalling to enable 1024QAM to the UE.

Proposal 2: For introduction of 1024 QAM, the following should be specified:
	- New TBS/MCS/CQI definition.
	- Applicability of 1024QAM to existing categories.
	- New categories/capabilities.
	- Configuration of 1024QAM

Proposal 3: For introduction of 1024QAM CQI table:
	- Remove N entries from the 256QAM table (low SE).
	- Add N entries for higher spectral efficiency.

Proposal 4: For introduction of 1024QAM MCS table:
- Remove N entries from the 256QAM table (low SE) while maintaining (close to) uniformly spaced SE, while keeping the lowest MCS
	- Add N new entries for higher SE, with (close to) uniformly spaced SE

Proposal 5: For introduction of new entries for the TBS table, reuse Rel-14 TBS entries as much as possible.
Proposal 6: Introduce new RRC parameter for configuration of 1024QAM.

4. Target peak data rates
To avoid the discussion that happened during the TBS definition for 256QAM in the future (with the late addition of the TBS 100752 to achieve a ‘round number’ for peak data rate), in the introduction of 256QAM this aspect should be taken into account from the beginning. With 256QAM, and with the new TBS, the UE can achieve 100Mbps per layer. Just by scaling with the different SE of 1024QAM vs 256QAM, 120Mbps should be achievable.
Proposal 7: 1024QAM supports peak data rates of at least 120Mbps per layer.

5. Simulation assumptions for MCS/CQI table
In [1-2], some problems were found with the current mechanism to determine the modulation scheme for a given TBS. Essentially, the issue is that, for a given TBS, the optimum MCS depends on the overhead. For example, for larger overhead the UE should use higher modulation schemes (in some cases), and for lower overhead the UE should use lower modulation schemes. We propose to take this into account by the following simulation assumptions, where a given TBS/MCS is evaluated under different overhead assumptions.

Table 2 Simulation assumptions for MCS/TBS design
	Parameters
	Value

	Channel model 
	AWGN

	Bandwidth
	20 MHz

	Tx EVM 
	2% 

	Rx EVM 
	1.5%

	Number of tx/rx antennas 
	2T2R 

	Number of control symbols 
	{1,3}

	Number of CRS ports
	2

	Additional overhead
	{0,32} CSI-RS ports

	Transmission mode
	TM2



Proposal 8: The MCS/TBS design for single layer is evaluated under the assumptions in Table 2

6. Summary of proposals

Proposal 1: Adopt the following modulation definition for 1024QAM:	


Proposal 2: For introduction of 1024 QAM, the following should be specified:
	- New TBS/MCS/CQI definition.
	- Applicability of 1024QAM to existing categories.
	- New categories/capabilities.
	- Configuration of 1024QAM

Proposal 3: For introduction of 1024QAM CQI table:
	- Remove N entries from the 256QAM table (low SE).
	- Add N entries for higher spectral efficiency.

Proposal 4: For introduction of 1024QAM MCS table:
- Remove N entries from the 256QAM table (low SE) while maintaining (close to) uniformly spaced SE, while keeping the lowest MCS
	- Add N new entries for higher SE, with (close to) uniformly spaced SE

Proposal 5: For introduction of new entries for the TBS table, reuse Rel-14 TBS entries as much as possible.

Proposal 6: Introduce new RRC parameter for configuration of 1024QAM.

Proposal 7: 1024QAM supports peak data rates of at least 120Mbps per layer.

Proposal 8: The MCS/TBS design for single layer is evaluated under the assumptions in Table 2
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