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In RAN1#90bis, the following objectives were agreed on support of DL 1024QAM [1].
Agreement: 
· 1024QAM supports peak data rates of at least 120Mbps per layer per 20 MHz CC.
Agreements:
· UE capability for support of 1024QAM is reported per band/band combination.
· Introduce new DL UE categories based on a subset of LTE DL Categories 11~20.
· FFS on which DL category/categories. 
· Note: other new UE DL category/categories are not precluded. 
· Joint RRC configuration of CQI/MCS table to support 1024QAM is supported for UE.
· Per CC and per CSI subframe set if configured.
· FFS: Per codeword in addition.
Agreements:
· Adopt the following modulation definition for 1024QAM at least for initial transmissions:


· FFS: whether same is used for re-transmission.
Agreement:
· Introduce at least 2 new entries in CQI table for 1024 QAM.
· For introduction of 1024QAM CQI table:
· Remove N entries from the 256QAM table.
· Add N entries for 1024QAM.
· 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.
In this contribution, we mainly discuss the remaining details of DL 1024QAM, including constellation for retransmission, CQI/MCS/TBS table, MCS table configuration of 1024QAM, differential CQI report and consideration on DL UE categories for 1024QAM.
Constellation for retransmission
One remaining issue is the whether the retransmission of 1024QAM PDSCH can use another constellation, such as a constellation that can have the same effect of reverse mapping. Typically, DL data modulated with 1024QAM is mainly deployed in high throughput scenario, while the implementation of interleaving for reverse mapping constellation may bring more complexity on hardware. Additionally, NR has precluded reverse mapping constellation for transmission as an option. Therefore, we have the following proposal:
Proposal 1: Adopt the same modulation definition for both retransmission and initial transmission of 1024QAM.
CQI/MCS/TBS table for DL 1024QAM
CQI table for 1024QAM
In RAN1#90bis, it was agreed to add at least 2 entries for 1024QAM and to remove N (N2) entries from the legacy 256QAM table. The design principles for the current CQI table are summarized as follows [2]:
· AWGN channel is assumed for generating the CQI table.
· 15-entry CQI table with approximately equal step size in equivalent SNR.
· The modulation order switching points in the CQI table should consider the frequency selectivity.
The design of new entries in CQI table for 1024QAM is presented in Table 1, according to [3].
Table 1. New entries for 1024QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	14
	1024QAM 
	853 
	8.3321

	15
	1024QAM 
	948 
	9.2578 


Additionally, considering CQI index #1 is used for PDCCH only, CQI index #2 for QPSK and index #4 for 16QAM can be removed as an option to maintain approximately equal step size in equivalent SNR.
Proposal 2: Two new CQI entries are introduced for 1024QAM as shown in Table 1, with the spectral efficiencies corresponding to each entry as 8.3321 and 9.2578. Remove CQI index #2 and #4 of legacy CQI table for 256QAM.
MCS table for 1024QAM
In RAN1#90bis, adding M entries with approximate uniformly spaced SE for 1024QAM, removing M entries with uniformly spaced SE between remaining entries while keeping the lowest MCS were agreed for MCS table of 1024QAM.
We propose to take new CQI entries in Table 1 for 1024QAM directly as MCS entries. Meanwhile, former MCS index #1, #3 for QPSK and #5 for 16QAM can be considered to be removed to keep the lowest MCS index. Therefore, we have the following proposal:
Proposal 3: Introduce 2 new MCS entries for 1024QAM.
· 2 MCS entries as shown in Table 2 reflect the corresponding efficiency for the proposed CQI index #14, #15 for 1024QAM.
· Remove MCS index#1, #3, #5 of legacy MCS table for 256QAM.
Table 2. Proposed MCS entries for 1024QAM
	
MCS Index

	
Modulation Order

	
TBS Index


	25
	10
	35 

	26
	10
	36 

	27
	2 
	
reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10 
	


TBS entries for 1024QAM
Principles for design of new TBS entries are summarized [4] as follows:
· Use of same code block sizes for a given entry.
· Max TBS given by 100PRB size.
· Aligned with QPP principle.
Considering the legacy highly efficient storage approach of TBS values, we propose to reuse the TBS values that are not exceeding the maximum value in the current TBS_L4 table for 1024QAM. The design allows the actual coding rate to deviate from the target coding rate. Taking Transport blocks not mapped to two or more layer spatial multiplexing (TBS_L1) as an example, for the case of ITBS=36 and PRB=100, the targeting TBS entry can be calculated by (10/8)*97896=122370bits. Then, the actual TBS entry for 1024QAM can be obtained from legacy TBS_L2 with 119816bits, which is closest to the targeting TBS in the current TBS table. Other entries for 1024QAM can be obtained in a similar way. Hence, we have the following proposal:
Proposal 4: Reuse the TBS value for 1024QAM not exceeding the maximum value in the current TBS_L4 table. FFS new entries for 4-layer mapping.
Discussion on the imbalanced SNR issue in DL 1024QAM
With support of 1024QAM, as summarized in [3], the feasible SNR for PDSCH transmission varies in a much larger range. Moreover, since the use cases for 1024QAM are mostly quasi-static propagation, e.g. CPE, the beamformer for each layer can be optimized so as to maximize the downlink throughput. Hence, larger SINR gap between codewords can be observed. 
For periodic CQI report, differential CQI is reported for the second codeword in wideband and a selected subband. For the scenario of fixed wireless access, the enhancement of spatial differential CQI should be considered. For example, an alternative differential CQI table as given in Table 4.1-1 may be specified when 1024QAM is configured.
Table 4.1-1 Alternative mapping spatial differential CQI value to offset level
	Spatial differential CQI value
	Offset level

	0
	0

	1
	1

	2
	-6

	3
	-5

	4
	-4

	5
	-3

	6
	-2

	7
	-1


On the other hand, considering the accuracy of MCS plays an important role in fully exploiting spectral efficiency, therefore, we propose to configure MCS table in a more flexible way, i.e. MCS table supporting 1024QAM is configured per each codeword.
Proposal 5: For 1024QAM, enhancement of spatial differential CQI should be considered.
Proposal 6: The configuration of MCS table supporting 1024QAM is performed per each codeword.

DL UE category 
In order to support 1024QAM for larger peak data rate, the existing Rel-14 DL UE categories need to be extended. For extension of DL UE categories, only those that currently support 256QAM should be the bases for 1024QAM UE capability as agreed in RAN1#90bis including DL Category 11~20. 
Current DL UE Category table involves 3 main fields corresponding to TBS value, ‘Maximum number of DL-SCH transport block bits received within a TTI’, ‘Maximum number of bits of a DL-SCH transport block received within a TTI’, ‘Total number of soft channel bits’. Straightforward solution to extend the base DL Categories is to define new DL UE categories requiring UE to increase memory hardware to store the received bits accordingly. Possible extension of current DL Category 11 to support at most 3 CC are illustrated in the following table as DL Category 21. Additionally, aiming to fully explore the peak data rate of 1024QAM in LTE system, current DL UE Category 17 to support 32CC can also be considered to be extended as DL Category 22 shown in the following table.
Table 5.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8

	DL Category 21
	753760
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
236160(4 layers, 1024QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
119816(2 layers, 1024QAM)
	9135360
	2 or 4

	DL Category 22
	31332480
	489570 (8 layers, 1024QAM)
	379453440
	8


According to the discussion above, we have the following proposal:
Proposal 7: At least introduce new DL UE Categories 21, 22 based on DL UE categories 11 and 17 as presented in Table 5.1A-1.
Conclusion
In the contribution, we discussed the remaining details on support of DL 1024QAM, with the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Adopt the same modulation definition for both retransmission and initial transmission of 1024QAM.
Proposal 2: Two new CQI entries are introduced for 1024QAM as shown in Table 1, with the spectral efficiencies corresponding to each entry as 8.3321 and 9.2578. Remove CQI index #2 and #4 of legacy CQI table for 256QAM.
Proposal 3: Introduce 2 new MCS entries for 1024QAM.
· 2 MCS entries as shown in Table 2 reflect the corresponding efficiency for the proposed CQI index #14, #15 for 1024QAM.
· Remove MCS index#1, #3, #5 of legacy MCS table for 256QAM.
Proposal 4: Reuse the TBS value for 1024QAM not exceeding the maximum value in the current TBS_L4 table. FFS new entries for 4-layer mapping.
Proposal 5: For 1024QAM, enhancement of spatial differential CQI should be considered.
Proposal 6: The configuration of MCS table supporting 1024QAM is performed per each codeword.
Proposal 7: At least introduce new DL UE Categories 21, 22 based on DL UE categories 11 and 17 as presented in Table 5.1A-1.
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