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Introduction
In RAN1#91, the following agreement was reached:

· RAN1 to consider one of the following solutions to this issue in Rel-15 under TEI-15:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 2: Introduce “Modulation overriding” field in DCI to change the modulation scheme.
· Solution 3: Introduce an alternative table for 256QAM by RRC configuration.
· Solution 4: Extend the MCS field in DCI to 6 bits, and introduce overlapped entries with different modulation scheme.
· Study the possibility of a single MCS table covering from QPSK to 1024QAM.
· Solution 5: N_RB scaling for TBS selection (similar to TBS selection for special subframes)
· No changes to Rel-12/13/14 64QAM/256 QAM TBS/MCS entries

Additionally, in RAN1#92, the following conclusion was reached (referring to the modulation selection problem):
· For the issue identified in the above 4 papers, RAN1 to specify one solution in Rel-15 under TEI-15

Evaluation results
In Table 1, we simulated all the TBS of the 256QAM table in the following conditions:
- AWGN, 2 Receive antennas
- Configuration 1: 2 CRS ports, 1 control symbol
- Configuration 2: 4 CRS ports, 3 control symbols, 32 CSI-RS ports








Table 1 90% Tput SNR
	
	
	
	1 Control - 2 CRS - No CSIRS - TM3
	3 Control - 4 ports - 32 CSIRS - TM9

	Mod
	I_TBS
	TBS
	QPSK
	16QAM
	64QAM
	256QAM
	QPSK
	16QAM
	64QAM
	256QAM

	QPSK
	0
	2792
	<-5
	-4.15
	NS
	NS
	<-5
	-3.55
	NS
	NS

	QPSK
	2
	4584
	-4.15
	-2.45
	NS
	NS
	-3.5
	-1.75
	NS
	NS

	QPSK
	4
	7224
	-2.1
	-0.6
	NS
	NS
	-0.9
	0.25
	NS
	NS

	QPSK
	6
	10296
	-0.6
	0.9
	NS
	NS
	1.7
	1.75
	NS
	NS

	QPSK
	8
	14112
	1.35
	2.4
	NS
	NS
	NA
	4.1
	NS
	NS

	16QAM
	10
	17568
	2.85
	3.4
	4.9
	NS
	NA
	6
	6.55
	NS

	16QAM
	11
	19848
	3.9
	3.9
	5.85
	NS
	NA
	7.25
	7.65
	NS

	16QAM
	12
	22920
	5.25
	4.9
	6.4
	NS
	NA
	8.85
	9
	NS

	16QAM
	13
	25456
	6.6
	5.85
	6.9
	NS
	NA
	10.45
	10.35
	NS

	16QAM
	14
	28336
	NA
	6.4
	7.35
	NS
	NA
	NA
	11.55
	NS

	16QAM
	15
	30576
	NA
	7.2
	7.9
	NS
	NA
	NA
	12.55
	NS

	64QAM
	16
	32856
	NS
	7.9
	8.4
	9.4
	NS
	NA
	13.4
	14.35

	64QAM
	17
	36696
	NS
	8.9
	9.4
	10.4
	NS
	NA
	15.35
	15.9

	64QAM
	18
	39232
	NS
	9.7
	10.15
	11.05
	NS
	NA
	16.7
	16.9

	64QAM
	19
	43816
	NS
	10.9
	11.35
	12.25
	NS
	NA
	NA
	18.55

	64QAM
	20
	46888
	NS
	11.95
	11.9
	12.9
	NS
	NA
	NA
	19.9

	64QAM
	21
	51024
	NS
	12.95
	12.9
	13.9
	NS
	NA
	NA
	21.75

	64QAM
	22
	55056
	NS
	15.25
	13.9
	14.85
	NS
	NA
	NA
	24.4

	64QAM
	23
	57336
	NS
	NA
	14.4
	15.35
	NS
	NA
	NA
	NA

	64QAM
	24
	61664
	NS
	NA
	15.4
	16.1
	NS
	NA
	NA
	NA

	256QAM
	25
	63776
	NS
	NS
	15.9
	16.4
	NS
	NS
	NA
	NA

	256QAM
	27
	66592
	NS
	NS
	16.4
	17.15
	NS
	NS
	NA
	NA

	256QAM
	28
	71112
	NS
	NS
	17.4
	18
	NS
	NS
	NA
	NA

	256QAM
	29
	73712
	NS
	NS
	18
	18.8
	NS
	NS
	NA
	NA

	256QAM
	30
	78704
	NS
	NS
	19.75
	19.7
	NS
	NS
	NA
	NA

	256QAM
	31
	81176
	NS
	NS
	22.7
	20.15
	NS
	NS
	NA
	NA

	256QAM
	32
	84760
	NS
	NS
	NA
	20.9
	NS
	NS
	NA
	NA

	256QAM
	33
	97896
	NS
	NS
	NA
	23.6
	NS
	NS
	NA
	NA

	256QAM
	33A
	87936
	NS
	NS
	NA
	21.6
	NS
	NS
	NA
	NA



Underlined in each column are the values corresponding to the 256QAM MCS. Values highlighted in green are the ones for which the optimum modulation corresponds to the 256QAM modulation table. Values highlighted in yellow are those for which the optimum modulation scheme corresponds to a different modulation scheme than that in the 256QAM table. Entries labelled “NA” indicate that 90% throughput are not achieved, and entries labelled “NS” means that the corresponding entry was not simulated.

For the transition between 256QAM and 1024QAM we evaluated different TBS for 2x2 and 4x4 TM4, with the results shown in the following figure.
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Figure 1 Performance of the 256QAM vs 1024QAM for 3 different 256QAM TBS sizes MCS (left – 2x2, right – corresponding 4x4 TBS). TM3/AWGN

We observe that, for high overhead cases, as expected, 1024QAM outperforms 256QAM.
Evaluation of different solutions
In this section, and based on the result obtained in Table 1, we evaluate the different solutions that were agreed to consider in R1#91. The evaluation is made based on the following criteria:
- Completeness: whether the proposed method works for all cases.
- Overhead: whether the proposed method introduces additional overhead.
- Flexibility: whether the proposed method allows the eNB to dynamically choose the modulation scheme.
- Retransmissions: Whether the set of TBS is the same for all subframes, thus allowing retransmissions with a non-special MCS.

	Solution
	Completeness
	Overhead
	Flexibility
	Retransmissions
	Other

	Solution 1
	Yes
	Additional RRC param
	No
	Yes
	Main problem is need to agree in RAN1 to the thresholds for switching.

	Solution 2
	Yes
	1 bit in DCI + RRC
	Yes
	Yes
	This can be seen as a particular case of Solution 4

	Solution 3
	No
	Additional RRC param
	No
	Yes
	It only solves the problem for 256QAM, and in a semi-static way.

	Solution 4
	Yes
	1 bit in DCI + RRC
	Yes
	Yes
	As a generalization of Solution 2, this can be used to even include the “A/B” TBSs if there are spare entries.

	Solution 5
	Unclear
	Additional RRC param
	No
	No
	Need to specify the scaling value for each of the overhead assumptions. Unclear effects of rounding.  








In view of the evaluation above, solution 3 can be seen not to be complete, and thus is not desirable. Solution 2 is a subset of Solution 4, and thus can be implemented within Solution 4. Thus, we make the following proposal:

Proposal 1: RAN1 to specify one of the following solutions in Rel-15:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 4: Extend the MCS field in DCI to 6 bits, and introduce overlapped entries with different modulation scheme.
· Study the possibility of a single MCS table covering from QPSK to 1024QAM, and potentially including both the normal and alternative TBS (e.g. 33/33A)
6-bit MCS table
Based on the evaluations above, we constructed the following MCS table. The MCS table has the following properties:
- It has all TBS entries except 26/26A/33
- Has multiple overlapped MCS for the transition region between modulation schemes
- Supports all modulation schemes from QPSK to 1024QAM

Table 2 Example of MCS table. Each entry in the table represents the MCS index.
	I_TBS
	QPSK
	16QAM
	64QAM
	256QAM
	1024QAM

	0
	0
	
	
	
	

	1
	1
	
	
	
	

	2
	2
	
	
	
	

	3
	3
	
	
	
	

	4
	4
	
	
	
	

	5
	5
	
	
	
	

	6
	6
	
	
	
	

	7
	7
	
	
	
	

	8
	8
	9
	
	
	

	9
	10
	11
	
	
	

	10
	12
	13
	
	
	

	11
	
	14
	
	
	

	12
	
	15
	
	
	

	13
	
	16
	 
	
	

	14
	
	17
	 
	
	

	15
	
	18
	 
	
	

	16
	
	19
	20
	
	

	17
	
	21
	22
	
	

	18
	
	23
	24
	
	

	19
	
	25
	26
	
	

	20
	
	
	27
	
	

	21
	
	
	28
	
	

	22
	
	
	29
	30
	

	23
	
	
	31
	32
	

	24
	
	
	33
	34
	

	25
	
	
	35
	36
	

	26
	 
	 
	 
	 
	 

	26A
	 
	 
	 
	 
	 

	27
	
	
	37
	38
	 

	28
	
	
	39
	40
	 

	29
	
	
	41
	42
	43

	30
	
	
	
	44
	45

	31
	
	
	
	46
	47

	32
	
	
	
	48
	49

	33
	 
	 
	 
	 
	 

	33A
	
	
	
	50
	51

	33B
	
	
	
	52
	53

	<105528>
	
	
	
	
	54

	<110136>
	
	
	
	
	55

	<115040>
	
	
	
	
	56

	<119816>
	
	
	
	
	57

	<125808>
	
	
	
	
	58

	Retx
	59
	
	
	
	

	Retx
	
	60
	
	
	

	Retx
	
	
	61
	
	

	Retx
	
	
	
	62
	

	Retx
	
	
	
	
	63



Note that the 1024QAM MCS entries do not have assigned an MCS index yet (pending editor CRs), so they are represented by the TBS for 100PRBs.

Proposal 2: If solution 4 is adopted, adopt the MCS table in Table 2 as the solution for the modulation selection problem.





Summary of proposals
In this contribution we presented our views on solving the modulation selection problem. We made the following proposals:



Proposal 1: RAN1 to specify one of the following solutions in Rel-15:
· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.
· Solution 4: Extend the MCS field in DCI to 6 bits, and introduce overlapped entries with different modulation scheme.
· Study the possibility of a single MCS table covering from QPSK to 1024QAM, and potentially including both the normal and alternative TBS (e.g. 33/33A)

Proposal 2: If solution 4 is adopted, adopt the MCS table in Table 2 as the solution for the modulation selection problem.
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