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Introduction

In RAN1#90bis meeting, the design of CQI and MCS tables for 1024QAM was discussed and the following agreements are attained: 

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 further discuss the detail of 1024QAM CQI and MCS tables based on these agreements. New CQI and MCS tables are proposed.
CQI table
In order to facilitate comparison, the current CQI table for 256QAM is shown below:

Table 1: 4-bit CQI table for 256QAM

	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 


New 1024QAM entries

According to the way forward [2], for introduction of 1024QAM CQI entries, three options are given:

Option 1: two entries with coding rates (x1024) as 853 and 948.

Option 2: three entries with coding rates (x1024) as 753, 853 and 948.

Option 3: two entries with coding rates (x1024) as 831 and 908.

Then, the spectral efficiency corresponding to the above code rates can be shown in table 2.

Table 2: Potential code rate and SE for 1024QAM

	Modulation order
	Code rate (x1024)
	Efficiency

	10
	753
	7.3535

	10
	853
	8.3301

	10
	948
	9.2578

	10
	831
	8.1152

	10
	908
	8.8672


From table 2, it can be observed that the SE of code rate of 753 is slightly less than the SE of the current 256QAM CQI index 15 (code rate of 948). If 753 is adopted for 1024QAM CQI entry, it implies 1024QAM with 753 will replace 256QAM with 948 in new CQI table. Namely, the current 256QAM CQI index 15 will be change to 1024QAM as the switching point of 256QAM and 1024QAM. Whereas, it has been verified that the switching point between 256QAM and 1024QAM is the new 1024QAM entry [3] and maximum TBS index for 256QAM is 33 corresponding to 256QAM with 948 [2][3]. Hence, option 2 including code rate of 753 is first excluded. 

Observation 1: The SE of 1024QAM with code rate of 753 is slightly less than the SE of the current 256QAM CQI index 15. If option 2 is used, the current 256QAM CQI index 15 will be replaced by 1024QAM with 753 as the switching point of 256QAM and 1024QAM.

For option 1 and option 3, figure 1 shows the BLER performance under AWGN channel.
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(a) Option 1                                       (b) Option 3

Figure 1 BLER performance under AWGN

From figure 1, the equal SNR space between the adjacent CQI indices at BLER of 10% can be observed in both option 1 and option 3, which is consistent with the original design principle of CQI table. And the SNR space is about 3 dB for option 1 and 2.5 dB for option 3. 

Observation 2: Option 2 shows the equal SNR space between the adjacent CQI indices is around 2.5dB at BLER of 10%.

Then, regarding the down-selection of option 1 and option 3, we have the following consideration:

For CQI index 15 in current 256QAM CQI table, the code rate is specified as 948, i.e. 0.9258. This is the maximum system efficiency supported by the current CQI table. For 1024QAM modulation, however, SE=0.9258 might be too high to be adopted as the SE corresponding to CQI index 15 in new CQI table. The reasons are as follows:

First, we calculate the TBS corresponding to SE=0.9258 for 100RB with 1024QAM. We notice that CQI index 15 corresponds to the highest MCS index. In Rel-12with 256QAM, the highest MCS index is 27 and the corresponding TBS index is I_TBS=33/33A. Recall that the TBS corresponding to I_TBS=33/33A is calculated based on the assumption that 136 REs per RB are used for data transmission. If we use this same assumption in calculating TBS for 1024QAM with SE=0.9258, we can easily find that suitable TBS corresponding to SE=0.9258 with 1024QAM is 124464 for 100RB. 

Then, let us check what will be the problem if we use TBS=124464 for TM9 transmission with 1024QAM. We consider TM9 here since we believe TM9 will be one of the most important transmission modes for 1024QAM. For TM9 with 1024QAM, non-CSI-RS sub-frame will be configured with 12 DMRS REs and 2 CRS ports at least. If we assume CFI=1, we can easily find that 132 REs per RB can be used for data transmission. Using the TBS=124464 calculated above, the actual code rate for TM9 with 1024QAM will be 0.9469 by taking into account CRC bits, which is larger than the upper code rate limit 0.9258. This means that the highest MCS index will never be used by TM9 if we set SE corresponding to CQI index 15 to be SE=0.9258. Based on the above analysis, we have following observation:

Observation 3: If code rate of 948 is defined for 1024QAM CQI index 15, the corresponding highest MCS index will never be used by TM9 due to upper code rate limitation.

In addition, for CRS based transmission mode, for example TM4, we find that the highest MCS index corresponding to SE=0.9258 cannot provide better throughput performance than MCS with lower SE in the practical SNR region. Figure 2 shows the throughput comparison of TBS=124464 and TBS=119816. From this figure, it can be observed that:

Observation 4: For TM4 with 2T4R and 2 layers, the throughput of TBS=124464 is lower than that of TBS=119816 when SNR is smaller than 32dB; For TM4 with 4T2R and 2 layers, the throughput of TBS=124464 is lower than 119816 when SNR is smaller than 39dB.
Therefore, the code rate of 908 is more applicable for 1024QAM CQI index 15. Thus, option 3 should be adopted for 1024QAM CQI entries.

Proposal 1: Option 3 with the code rate of 831 and 908 should be adopted for 1024QAM CQI entries.
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(a) 2T4R                                           (b) 4T2R
Figure 2 Throughput comparison of TBS=119816 and TBS=124464
Removed CQI entries

Since two 1024QAM CQI entries need to be added, we have to remove two legacy CQI entries. Note the fact that 1024QAM is applied in good channel conditions with high SNR, we propose to remove two lower CQI levels. As a result, the new 1024QAM CQI table includes all the CQI indices related to 256QAM. If channel condition deteriorates seriously, the CQI table could directly return to the 64QAM CQI table. On the other hand, in order to ensure the transmission stability in low SNR region, it is reasonable to reserve two QPSK CQI indices. Figure 3(a) gives SE vs. SNR performance at BLER of 10% for different CQI levels. Based on figure 3(a), we propose to remove CQI index 2 of QPSK and CQI index 5 of 16QAM in the current 256QAM CQI table. And the SE vs. SNR after removal are given in figure 3(b).
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(a) Before removal                                (b) After removal

Figure 3 SE vs. SNR under AWGN

Proposal 2: Two legacy CQI entries, i.e. CQI index 2 and CQI index 5 in 256QAM CQI table, could be removed.
Base on the discussion above, the following CQI table is proposed for 1024QAM.

Table 3: Proposed 1024QAM CQI table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	449
	0.8770

	3
	16QAM
	378
	1.4766

	4
	16QAM
	616
	2.4063

	5
	64QAM
	466
	2.7305

	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
	256QAM
	948
	7.4063

	14
	1024QAM
	831
	8.1152

	15
	1024QAM
	908
	8.8672


MCS table
New 1024QAM entries
Considering (close to) uniformly spaced SE between new 1024QAM entries, we propose to introduce three 1024QAM entries in the new MCS table. Then, according to the proposed CQI table, the SEs of CQI index 14 and 15 and the average of these two SEs can be used for these three 1024QAM entries. Further, the relevant TBS can be calculated as SE*136*100*10 with the assumption of 136REs per RB. In particular, the new 1024QAM MCS entries given in table 4.

Table 4: Proposed 1024QAM MCS entries (20MHz)

	MCS Index
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	Modulation Order
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	TBS Index
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	Efficiency
	TBS

(100RB)

	24
	10
	35
	8.1152
	110136

	25
	10
	36
	8.4912
	115040

	26
	10
	37
	8.8672
	119816


So we propose to use 110136, 115040 and 119816 as the TBSs for the three 1024QAM MCS entries, respectively. 
Proposal 3: Three 1024QAM entries could be introduced in new MCS table. The TBSs of the three 1024QAM MCS entries are 110136, 115040 and 119816, respectively. 
Removed MCS entries
Due to the introduction of three 1024QAM entries and one retransmission entry, four legacy MCS entries have to be removed. Thus, we consider the following three factors for legacy MCS entry removal: 

maintain (close to) uniformly spaced SE
keep the lowest MCS
refer to removed CQI entries
Based on these three points, we propose to remove the MCS index 1, 3, 5 and 7.
Proposal 4: MCS index 1, 3, 5 and 7 in 256QAM MCS table can be removed.
Based on the discussion above, the proposed 1024QAM MCS table for 20MHz is shown below:

Table 5: Proposed 1024QAM MCS table (20MHz)

	MCS Index
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	Modulation Order
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	TBS Index
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	Efficiency
	TBS

(100RB)

	0
	2 
	0 
	0.2344
	2792

	1
	2 
	4 
	0.627
	7224

	2
	2 
	8 
	1.1768
	14112

	3
	4 
	11 
	1.69535
	19848

	4
	4 
	13 
	2.1602
	25456

	5
	4 
	14 
	2.4063
	28336

	6
	4 
	15 
	2.5684
	30576

	7
	6 
	16 
	2.7305
	32856

	8
	6 
	17 
	3.0264
	36696

	9
	6 
	18 
	3.3223
	39232

	10
	6 
	19 
	3.6123
	43816

	11
	6 
	20 
	3.9023
	46888

	12
	6 
	21 
	4.21285
	51024

	13
	6 
	22 
	4.5234
	55056

	14
	6 
	23 
	4.8193
	57336

	15
	6 
	24 
	5.1152
	61664

	16
	8 
	25 
	5.33495
	63776

	17
	8 
	27 
	5.5547
	66592

	18
	8 
	28 
	5.89065
	71112

	19
	8 
	29 
	6.2266
	73712

	20
	8 
	30 
	6.57035
	78704

	21
	8 
	31 
	6.9141
	81176

	22
	8 
	32 
	7.2578
	84760

	23
	8 
	33 
	7.5938
	97896

	24
	10
	35
	8.1152
	110136

	25
	10
	36
	8.4912
	115040

	26
	10
	37
	8.8672
	119816

	27
	2 
	reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10
	


Conclusion

In this contribution, we present the simulation results and related analysis for 1024QAM CQI table and MCS table design. We have the following observations and proposals:
Observation 1: The SE of 1024QAM with code rate of 753 is slightly less than the SE of the current 256QAM CQI index 15. If option 2 is used, the current 256QAM CQI index 15 will be replaced by 1024QAM with 753 as the switching point of 256QAM and 1024QAM.

Observation 2: Option 2 shows the equal SNR space between the adjacent CQI indices is around 2.5dB at BLER of 10%.

Observation 3: If code rate of 948 is defined for 1024QAM CQI index 15, the corresponding highest MCS index will never be used by TM9 due to upper code rate limitation.
Observation 4: For TM4 with 2T4R and 2 layers, the throughput of TBS=124464 is lower than that of TBS=119816 when SNR is smaller than 32dB; For TM4 with 4T2R and 2 layers, the throughput of TBS=124464 is lower than 119816 when SNR is smaller than 39dB.
Proposal 1: Option 3 with the code rate of 831 and 908 should be adopted for 1024QAM CQI entries.
Proposal 2: Two legacy CQI entries, i.e. CQI index 2 and CQI index 5 in 256QAM CQI table, could be removed.
Proposal 3: Three 1024QAM entries could be introduced in new MCS table. The TBSs of the three 1024QAM MCS entries are 110136, 115040 and 119816, respectively.
Proposal 4: MCS index 1, 3, 5 and 7 in 256QAM MCS table can be removed.
The proposed CQI table and MCS table for 1024QAM are given in Table 3 and Table 5.
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