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1. Introduction
In RAN1#75 meeting, the following progresses are achieved on higher order modulation.
Agreements:
· RAN1 finds DL higher order modulation, i.e. 256QAM beneficial in evaluated indoor sparse small cell scenarios with low mobility
· RAN1 recommends to support DL higher order modulation, i.e. 256QAM
Conclusion:

· Introduce new CQI/MCS entries if 256QAM is introduced

· The size of CQI/MCS table is FFS

· Higher layer signalling is used to configure CQI/MCS table and/or 256QAM

· Introduce new TBS entries if 256QAM is introduced

· Size of feedback field is 4 or 5 bits if 256QAM is introduced

In RAN#62 meeting, it was agreed to enhance spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
In this contribution, the CQI/ MCS/TBS table design for UEs supporting 256QAM is discussed.
2. MCS table design for 256QAM-enabled UEs
It has been agreed to keep existing size of CQI feedback field and MCS indication in RAN#62 meeting. Three alternatives could be considered in MCS table design while keeping using 5-bit "modulation and coding scheme" field.
Alternative 1: Use MCS 29/30/31

Use MCS Index 29/30/31 from legacy MCS table for 256QAM, which is illustrated in Table 1. Three MCS indices for 256QAM could be supported with this alternative. In order to support retransmission for 256QAM UE, the network can signal NDI is not toggled and MCS indices 0~31 for the MCS.
Table 1. 256QAM MCS table (Alternative 1)
	MCS Index
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· Pros: There is no performance loss for existing QPSK/16QAM/64QAM since the granularities for these modulations are not changed.
· Cons: Only three MCS indices for 256QAM are supported, which may not fully exploit the advantage of 256QAM.
Alternative 2: Removal of the entries with the same TBS Size
In order to indicate 256QAM while keeping the same size of MCS table, another possibility is to remove some QPSK/16QAM/64QAM indices to accommodate MCS indices for 256QAM. However, for the sake of minimizing performance loss for low modulation schemes, those removed indices should be carefully selected. For example, MCS entry 9 and 10 provide the same transport block size, and so as for MCS entry 16 and 17. One example is to remove MCS entry 9 and 16 to further increase the number of MCS indices for 256QAM to five as illustrated in Table 2.
Table 2. 256QAM MCS table (Alternative 2)
	MCS Index
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· Pros: Five MCS indices for 256QAM are supported using this alternative. No obvious performance loss is expected for existing QPSK/16QAM/64QAM since the deleted two entries are redundant.
Alternative 3: Compression of number of the existing QPSK/16QAM/64QAM MCS entries
Compress the number of lower MCS entries with reduced coarse granularity to support more than 5 indices for 256QAM. However, performance loss for QPSK/16QAM／64QAM is expected due to the reduced granularity.
· Pros: More than five MCS indices for 256QAM are supported using this alternative.
· Cons: Some performance loss for QPSK/16QAM/64QAM is expected due to the reduced granularity， and whether or not more than 5 indices for 256QAM should be supported needs to discuss.
3. CQI table design for 256QAM-enabled UEs
The number of entries for 256QAM in the CQI table depends on the number of entries for 256QAM introduced in the MCS table, so the CQI table and MCS table could be jointly designed. In order to keep existing size of CQI feedback field, there are basically two alternatives in CQI table design:
Alternative 1: Removal of the lowest CQI indices from legacy table for 256QAM

Only replace some existing CQI table entries for QPSK/16QAM/64QAM by the ones for 256QAM, while the other entries for QPSK/16QAM/64QAM are kept the same as before. 
1) One example is illustrated in Table 3, in which the first two entries for QPSK are deleted and two entries for 256QAM are added, since the possibility of using the lowest MCSs is small for the scenarios in which UEs are 256QAM-enabled. 
2) Another example is illustrated in Table 4, in which the lowest entry for QPSK is reserved, while the second and third lowest entries are deleted to introduce two entries for 256QAM.
Table 3. CQI Table for 256QAM (Alternative 1-1)
	CQI index
	For legacy UE
	For 256QAM-enabled UE

	
	modulation
	code rate x 1024
	efficiency
	modulation
	code rate x 1024
	efficiency

	0
	out of range
	out of range

	1
	QPSK
	78
	0.1523
	QPSK
	193
	0.3770

	2
	QPSK
	120
	0.2344
	QPSK
	308
	0.6016

	3
	QPSK
	193
	0.3770
	QPSK
	449
	0.8770

	4
	QPSK
	308
	0.6016
	QPSK
	602
	1.1758

	5
	QPSK
	449
	0.8770
	16QAM
	378
	1.4766

	6
	QPSK
	602
	1.1758
	16QAM
	490
	1.9141

	7
	16QAM
	378
	1.4766
	16QAM
	616
	2.4063

	8
	16QAM
	490
	1.9141
	64QAM
	466
	2.7305

	9
	16QAM
	616
	2.4063
	64QAM
	567
	3.3223

	10
	64QAM
	466
	2.7305
	64QAM
	666
	3.9023

	11
	64QAM
	567
	3.3223
	64QAM
	772
	4.5234

	12
	64QAM
	666
	3.9023
	64QAM
	873
	5.1152

	13
	64QAM
	772
	4.5234
	64QAM
	948
	5.5547

	14
	64QAM
	873
	5.1152
	256QAM
	791
	6.1797

	15
	64QAM
	948
	5.5547
	256QAM
	872
	6.8125


Table 4. CQI Table for 256QAM (Alternative 1-2)

	CQI index
	For legacy UE
	For 256QAM-enabled UE

	
	modulation
	code rate x 1024
	efficiency
	modulation
	code rate x 1024
	efficiency

	0
	out of range
	out of range

	1
	QPSK
	78
	0.1523
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344
	QPSK
	308
	0.6016

	3
	QPSK
	193
	0.3770
	QPSK
	449
	0.8770

	4
	QPSK
	308
	0.6016
	QPSK
	602
	1.1758

	5
	QPSK
	449
	0.8770
	16QAM
	378
	1.4766

	6
	QPSK
	602
	1.1758
	16QAM
	490
	1.9141

	7
	16QAM
	378
	1.4766
	16QAM
	616
	2.4063

	8
	16QAM
	490
	1.9141
	64QAM
	466
	2.7305

	9
	16QAM
	616
	2.4063
	64QAM
	567
	3.3223

	10
	64QAM
	466
	2.7305
	64QAM
	666
	3.9023

	11
	64QAM
	567
	3.3223
	64QAM
	772
	4.5234

	12
	64QAM
	666
	3.9023
	64QAM
	873
	5.1152

	13
	64QAM
	772
	4.5234
	64QAM
	948
	5.5547

	14
	64QAM
	873
	5.1152
	256QAM
	791
	6.1797

	15
	64QAM
	948
	5.5547
	256QAM
	872
	6.8125


· Pros: This alternative is simple, and lead to less specification impact.
· Cons: By using this alternative, the efficiency granularity for QPSK is coarser than before, which may cause performance loss when using QPSK.
Alt 2: Totally redesign all the CQI table entries taking into account the efficiency granularity and performance of QPSK/16QAM/64QAM/256QAM.

· Pros: More appropriate efficiency granularity could be achieved with this alternative. The performance loss for QPSK/16QAM/64QAM is also less than with Alt.1.
· Cons: This alternative may introduce larger specification workload.
4. Conclusion
In this contribution, the CQI and MCS table design for 256QAM-enabled UEs are discussed. Some possible alternatives are as proposed.
MCS table design for 256QAM-enabled UEs:
Three alternatives could be considered:
· Alternative 1: Replace entry 29/30/31 of the legacy MCS table by the ones for 256QAM to support three MCS indices for 256QAM.
· Alternative 2: Remove some of QPSK/16QAM/64QAM indices to accommodate MCS indices for 256QAM, while not incurring performance loss for lower MCS. One example is to remove MCS entry 9 and 16 to further increase the number of MCS indices for 256QAM to five.
· Alternative 3: Compress the number of lower MCS entries with reduced coarse granularity to support more than 5 indices for 256QAM. However, performance loss for QPSK/16QAM／64QAM is expected due to the reduced granularity.
CQI table design for 256QAM-enabled UEs:
The number of entries for 256QAM in the CQI table depends on the number of entries for 256QAM introduced in the MCS table, so the CQI table and MCS table could be jointly designed. Two alternatives could be considered:
· Alternative 1: Removal of the lowest CQI indices from legacy table for 256QAM, while the other entries for QPSK/16QAM/64QAM are kept the same as before.
· Alternative 1-1: the first two entries for QPSK are deleted and two entries for 256QAM are added
· Alternative 1-2: the lowest entry for QPSK is reserved, while the second and third lowest entries are deleted to introduce two entries for 256QAM
· Alternative 2: Totally redesign all the CQI table entries taking into account the efficiency granularity and performance of QPSK/16QAM/64QAM/256QAM.
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