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1. Introduction
In RAN1#90 meeting, support of 1024QAM was agreed for LTE. In this contribution, we provide details of 1024QAM focusing on design of CQI and MCS tables and configuration of 1024QAM for the UE taking into account agreements made in RAN1#90bis.
2. Discussion
CQI table design
In RAN#90bis meeting the following agreement was achieved regarding CQI table design [1].
	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.


256QAM support in CQI table was introduced by removing from the legacy table three QPSK entries with CQI indices #2, #4, #6 and one 64QAM entry with CQI index #15 and replacing them with four 256QAM entries. The spectral efficiency for the first 256QAM entry was set the same as the spectral efficiency of the removed 64QAM entry and the highest spectral efficiency entry for 256QAM was obtained by linear scaling of the highest spectral efficiency supported by the legacy table where the scaling value was determined by the ratio of the corresponding modulation orders. The spectral efficiency for the two intermediate 256QAM entries was obtained by linear interpolation.
For 1024QAM CQI table we propose to adopt similar design principles, where two legacy CQI entries with CQI indices #8, #10, corresponding to CQI indices #5, #7 in the 256QAM CQI table are removed. It should be noted that the highest CQI value for 256QAM (SE = 7.4063) outperforms 1024QAM CQI value with the same spectral efficiency according to the BLER results presented in Figure 1. Therefore, it is not recommended to remove this CQI entry for 1024QAM support.
[image: ]
Figure 1 Performance of 1024QAM and 512 QAM with SE = 7.4063
The CQI entries removed from the legacy and 256QAM CQI tables to support 256QAM and 1024QAM modulations are illustrated in Table 1 and 2.
Table 1: Illustration of the removed CQI entries to support CQI for 256QAM and 1024QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547



Table 2: Illustration of the removed entries to support CQI for 1024QAM
	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 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 



Table 3 illustrates the candidate entries that can be used to support 1024QAM CQIs. The spectral efficiency for the highest 1024 CQI entry is obtained by linear scaling of the spectral efficiency of the highest 64QAM CQI entry according to 10/6*5.5547 = 9.2578. The second 1024 CQI entry is obtained by linear averaging of the two adjacent CQI entries, i.e. (7.4023 + 9.2578) / 2 = 8.3301. After replacing of the legacy CQI entries with new CQI entries, the CQI indices are determined according to the spectral efficiencies of the CQIs.
Table 3: Illustration CQI table supporting 1024QAM
	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

	15
	256QAM 
	948 
	7.4063

	14
	1024QAM
	853
	8.3301

	15
	1024QAM
	948
	9.2578



Proposal:
· Introduce support of 1024QAM in CQI table, by removing 2 CQI entries from the 256QAM CQI table with CQI indices #5, #7
· The removed CQI entries are replaced with two 1024QAM CQI entries, where the spectral efficiency for the highest 1024 CQI entry is obtained by linear scaling of the spectral efficiency according to 10/6*5.5547 = 9.2578 and the second 1024QAM CQI entry is obtained by linear averaging of the lowest and the highest 1024QAM entries, i.e. (7.4023 + 9.2578) / 2 = 8.3301
· Order CQI indices according to the spectral efficiency 
MCS table design
In RAN#90bis meeting the following agreement was achieved regarding MCS table design [1].
	Agreement:
· 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


According to the CQI table design, CQI indices #5, #7 in the CQI table supporting 256QAM are removed, thus MCS entries #6, #8, #10, #12, which are determined by linear interpolation of CQI #5, #7 should be removed. Table 4 illustrates the candidate MCS entries from 256QAM MCS table for replacing by 1024QAM MCS entries.
Table 4: Illustration of candidate MCS for removal from MCS table supporting 256QAM
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2 
	0 

	1
	2 
	2 

	2
	2 
	4 

	3
	2 
	6 

	4
	2 
	8 

	5
	4 
	10 

	6
	4 
	11 

	7
	4 
	12 

	8
	4 
	13 

	9
	4 
	14 

	10
	4 
	15 

	11
	6 
	16 

	12
	6 
	17 

	13
	6 
	18 

	14
	6 
	19 

	15
	6 
	20 

	16
	6 
	21 

	17
	6 
	22 

	18
	6 
	23 

	19
	6 
	24 

	20
	8 
	25 

	21
	8 
	27 

	22
	8 
	28 

	23
	8 
	29 

	24
	8 
	30 

	25
	8 
	31 

	26
	8 
	32 

	27
	8 
	33/33A 

	28
	2 
	
reserved

	29
	4 
	

	30
	6 
	

	31
	8 
	



Table 5 illustrates the MCS table supporting 1024QAM. It should be noted that similar to legacy and 256QAM MCS tables, the maximum MCS may need support multiple TBS values (e.g. 36 and 36A) to accommodate possibly different overhead in the system and to achieve the desired target peak data rate throughput. 
Table 5: Illustration of MCS table supporting 1024QAM
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2 
	0 

	1
	2 
	2 

	2
	2 
	4 

	3
	2 
	6 

	4
	2 
	8 

	5
	4 
	10 

	6
	4 
	12 

	7
	4 
	14 

	8
	6 
	16 

	9
	6 
	18 

	10
	6 
	19 

	11
	6 
	20 

	12
	6 
	21 

	13
	6 
	22 

	14
	6 
	23 

	15
	6 
	24 

	16
	8 
	25 

	17
	8 
	27 

	18
	8 
	28 

	19
	8 
	29 

	20
	8 
	30 

	21
	8 
	31 

	22
	8 
	32 

	23
	8 
	33/33A 

	24
	10
	34

	25
	10
	35

	26
	10
	36/36A

	27
	2 
	reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10
	



Proposal:
· Introduce support of 1024QAM in MCS table, by removing four MCS entries from the 256QAM MCS table with MCS indices #6, #8, #10 and #12
· The removed MCS entries are replaced with five 1024QAM MCS entries, where one entry corresponds to 1024QAM for adaptive HARQ. The MCS entry corresponding to maximum TBS index may correspond to multiple TBS sizes configured by RRC.
· Order MCS indices according to the spectral efficiency 

Configuration and scheduling of 1024QAM
In RAN#90bis meeting the following agreement was achieved regarding configuration of CQI/MCS tables [1].
	Agreement:
· 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


One of the open issue of 1024QAM configuration is MCs configuration per CW. It should be noted that the quality of the CW may dynamically changed depending on the channel condition. In this case, per CW semi-static configuration of 1024 QAM MCS tables doesn’t provide any benefits over common MCS table configuration.
[bookmark: _GoBack]To resolve ambiguity in MCS indexing during RRC re-configuration, fall-back transmission based on the legacy MCS table (not supporting 256QAM nor 1024QAM) should be considered. For example, 1024QAM MCS table should be valid only for PDSCH is scheduled by C-RNTI or SPS-RNTI using all DCI Formats except DCI Formats 1A, 1C. PDSCH scheduled by P-RNTI, RA-RNTI, or SI-RNTI should always use the legacy MCS table, irrespective of 1024QAM configuration.
Proposal:
· No support of per CW configuration of 1024QAM MCS table
· Limit use of 1024QAM MCS table only to PDSCH transmission with CRC scrambled by C-RNTI and SPS-RNTI all DCI Formats except DCI formats 1A and 1C.

Constellation bit swapping for retransmission
Constellation bit swapping can provide the performance enhancement by defining different bit mapping rules in constellation at every retransmission. In case of 1024QAM, the reliabilities of the Gray mapped bits vary from most significant bit (MSB) to least significant bit (LSB). Without constellation bit swapping unequal bit reliability of MSB and LSB remains during retransmission, which degrades the performance of channel decoding at least when the same RV is used. Constellation bit swapping could provide increase in decoding performance due to averaging of bit error probabilities over retransmissions.
Proposal:
· At least for retransmission with the same RV support constellation bit swapping from LSB to MSB.
Although some concerns may be raised regarding bit mapping ambiguity for scenario with control channel misdetection, we note the operating range of 1024QAM implies very high SNRs > 30dB where the probability of PDCCH misdetection at the UE becomes extremely low.  
[bookmark: _Ref470879069]Conclusions
In this contribution we propose details of 1024QAM support in LTE. Based on the discussion the following proposal were made:
CQI table design
· Introduce support of 1024QAM in CQI table, by removing 2 CQI entries from the 256QAM CQI table with CQI indices #5, #7
· The removed CQI entries are replaced with two 1024QAM CQI entries, where the spectral efficiency for the highest 1024 CQI entry is obtained by linear scaling of the spectral efficiency according to 10/6*5.5547 = 9.2578 and the second 1024QAM CQI entry is obtained by linear averaging of the lowest and the highest 1024QAM entries, i.e. (7.4023 + 9.2578) / 2 = 8.3301
· Order CQI indices according to the spectral efficiency 
MCS table design
· Introduce support of 1024QAM in MCS table, by removing four MCS entries from the 256QAM MCS table with MCS indices #6, #8, #10 and #12
· The removed MCS entries are replaced with five 1024QAM MCS entries, where one entry corresponds to 1024QAM for adaptive HARQ. The MCS entry corresponding to maximum TBS index may correspond to multiple TBS sizes configured by RRC.
· Order MCS indices according to the spectral efficiency 
Configuration and scheduling of 1024QAM
· No support of per CW configuration of 1024QAM MCS table
· Limit use of 1024QAM MCS table only to PDSCH transmission with CRC scrambled by C-RNTI and SPS-RNTI all DCI Formats except DCI formats 1A and 1C.
Constellation bit swapping for retransmission
· At least for retransmission with the same RV support constellation bit swapping from LSB to MSB.
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