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1 
Introduction
The TR36.783 [1] on 1024QAM was agreed in the last RAN plenary meeting and based on the recommendation in the TR, specification work on 1024QAM starts now in RAN1.
In this contribution, we discuss details of 1024QAM specification including 1024QAM configuration and fallback, CQI and MCS table design and Gray coding for 1024QAM.
2 
Discussion
2.1 1024QAM configuration and fallback
We assume that higher layer signaling is used to configure 1024AM CQI/MCS tables and/or DL 1024QAM operation in general. This inevitably brings potential ambiguity issue between eNB and UE on which CQI/MCS tables are used in each side during the (re)configuration phase of 1024QAM. We propose that the same fallback method that was agreed for 256QAM configuration is used also with 1024 QAM. This means that DCI format 1A and DCI format 1C are always associated with the legacy MCS table, i.e. these DCI formats do not support 1024QAM PDSCH scheduling. All the other DCI formats, that are used for PDSCH scheduling, support 1024QAM.

Proposal 1: Higher layer signalling is used to configure 1024QAM operation. DCI formats 1A and 1C are always associated with legacy (64QAM) MCS table.
2.2 CQI table design

Starting point for 1024 QAM CQI table should be the table that is used for 256QAM. Some new entries are added to support 1024QAM and some entries are removed so that the size of the table is not changed. Most of the entries in the 1024QAM CQI table should be the same as in 256QAM table.
The contributions [2], [3] and [4] that discuss CQI table design propose two new entries for 1024QAM. There are different proposals for code rates and efficiency of the new entries but assumption of two 1024QAM entries in the table seems reasonable. Also keeping all the existing 256QAM entries and removing entries that correspond to lower modulation order seems reasonable.
Removing two QPSK entries from the CQI table is considered in the contributions [2] and [4]. It is likely that when 1024QAM is configured channel conditions seldom degrade so that QPSK is needed. On the other hand, when 256QAM table was designed it was agreed to keep the lowest entry of the 64QAM table in the 256QAM table. In the 64QAM CQI table the SNR gap between entries is about 2dBs. When 256QAM table was created some of the QPSK entries were removed so that the SNR gap in the lower part of the table is now 4dBs. The 1024QAM table could be designed so that the lowest QPSK entry is kept and SNR gap between entries is kept at about 4dB. Based on this the entries that are removed from the 256QAM table are #5 and #7. This kind of table is presented below.
	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 

	56
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	68
	64QAM 
	567 
	3.3223 

	79
	64QAM 
	666 
	3.9023 

	810
	64QAM 
	772 
	4.5234 

	911
	64QAM 
	873 
	5.1152 

	1012
	256QAM 
	711 
	5.5547 

	1113
	256QAM 
	797 
	6.2266

	1214
	256QAM 
	885 
	6.9141

	1315
	256QAM 
	948 
	7.4063 

	14
	1024QAM
	FFS
	FFS

	15
	1024QAM
	FFS
	FFS


Table 1: 1024QAM CQI table
Proposal 2: 1024QAM CQI table is based on 256QAM CQI table. Two new 1024QAM entries are added to the table and two entries are removed so that around 4dB gap between entries at the lower part of the table is kept. 
2.3 MCS table design
We propose that the 256QAM MCS table i.e. table 7.1.7.1-1A in the 36.213 is used as a starting point. Similar to design of 256QAM table, some of the entries in the current table are removed and entries corresponding to 1024QAM are added and the positions of MCS indices are ordered based on spectral efficiency. Based on discussions in [2], [3] and [4] the number of new 1024QAM entries should be two. Also, one additional entry need to be reserved for adaptive retransmissions. This means that three entries need to be removed from the current 256QAM MCS table. If the CQI table proposed above is agreed and spectral efficiencies in the CQI and MCS tables are considered, then entries #7 and #11 could be removed. In addition, one of the QPSK entries e.g. entry #2 could be removed. An example of 1024QAM MCS table is presented below.
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2 
	0 

	1
	2 
	2 

	
	2 
	4 

	2
	2 
	6 

	3
	2 
	8 

	4
	4 
	10 

	5
	4 
	11 

	6
	4 
	13 

	
	4 
	12 

	7
	4 
	14 

	8
	4 
	15 

	9
	6 
	17 

	10
	6 
	18 

	
	6 
	16 

	11
	6 
	19 

	12
	6 
	20 

	13
	6 
	21 

	14
	6 
	22 

	15
	6 
	23 

	16
	6 
	24 

	17
	8 
	25 

	18
	8 
	27 

	19
	8 
	28 

	20
	8 
	29 

	21
	8 
	30 

	22
	8 
	31 

	23
	8 
	32 

	24
	8 
	33/33A 

	25
	10
	35

	26
	10
	36

	27
	2 
	reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10
	


Table 2: 1024QAM MCS table
Proposal 3: 1024QAM MCS table is based on 256QAM table. Compared to 256QAM table, three new 1024QAM entries are added to the table and three entries are removed. One of the new entries is used to indicate adaptive retransmissions.
2.4 1024QAM Gray coding
The principle of mapping QAM constellation points in LTE is presented in the [5]. The contribution also shows, how the same principle can be extended to 1024QAM Gray coding. The same Gray coding mapping is also assumed in [4]. We propose that 1024QAM modulation mapping of decuplet of bits (bi, bi+1, bi+2, bi+3, bi+4, bi+5, bi+6, bi+7, bi+8, bi+9) is done according to the equation:

 x = [image: image5.png]T8



{(1−2bi)[16−(1−2bi+2)[8−(1−2bi+4)[4−(1−2bi+6)[2−(1−2bi+8)]]]]
                 + j(1−2bi+1)[16−(1−2bi+3)[8−(1−2bi+5)[4−(1−2bi+7)[2−(1−2bi+9)]]]]}.
Proposal 4: 1024QAM modulation mapping is done according to the equation proposed in R1-1705949
3 
Conclusions

In this contribution, we have discussed issues related to DM-RS reduction. We have the following proposals:
Proposal 1: Higher layer signalling is used to configure 1024QAM operation. DCI formats 1A and 1C are always associated with legacy (64QAM) MCS table.
Proposal 2: 1024QAM CQI table is based on 256QAM CQI table. Two new 1024QAM entries are added to the table and two entries are removed so that around 4dB gap between entries at the lower part of the table is kept. 
Proposal 3: 1024QAM MCS table is based on 256QAM table. Compared to 256QAM table, three new 1024QAM entries are added to the table and three entries are removed. One of the new entries is used to indicate adaptive retransmissions.
Proposal 4: 1024QAM modulation mapping is done according to the equation proposed in R1-1705949
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