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1 Introduction

According to the agreement in RAN1#83, the transport block size (TBS) for an initial partial downlink subframe is determined in the same way as for a full subframe, i.e. by taking the assigned number of PRBs and the MCS as indicated in the DCI to lookup the TBS. In other words, there is no special consideration of the fact that only half the resources are available compared to a full subframe.

In this document, we show that the current MCS/TBS table results in a very limited choice of MCS/TBS for UEs configured to use 64-QAM, and that it effectively disables 256-QAM in case of partial subframes. 
2 MCS/TBS for UEs configured for up to 64-QAM
As there are roughly only 50% of the REs available for a partial subframe, the code rate is effectively doubled compared to a full subframe. This clearly implies that the BLER for the operating SINR will be quite different in a partial subframe. In addition, the doubling of the coding rate effectively invalidates several MCS levels (and therefore TBS) for the partial subframe.

Table 1 shows the code rate for the 29 specified MCS levels, assuming a resource assignment of 100 PRB where 60 PDSCH REs are available per PRB in the partial subframe. As the UE is not required to decode a transport block if the code rate exceeds 0.931, MCS levels 7-9, 13-16, 19-29 (i.e. 17 out of 29 levels!) are not meaningful for a scheduler for an assignment. As a consequence, only 12 out of 27 TBS values are available for a partial subframe.
Table 1: Code rates for an initial partial subframe

	MCS Index
	Mod. Order
	TBS Index
	Code rate

	0
	2
	0
	0.233

	1
	2
	1
	0.302

	2
	2
	2
	0.382

	3
	2
	3
	0.478

	4
	2
	4
	0.602

	5
	2
	5
	0.73

	6
	2
	6
	0.858

	7
	2
	7
	1.018

	8
	2
	8
	1.176

	9
	2
	9
	1.320

	10
	4
	9
	0.660

	11
	4
	10
	0.732

	12
	4
	11
	0.827

	13
	4
	12
	0.956

	14
	4
	13
	1.061

	15
	4
	14
	1.181

	16
	4
	15
	1.274

	17
	6
	15
	0.849

	18
	6
	16
	0.913

	19
	6
	17
	1.019

	20
	6
	18
	1.090

	21
	6
	19
	1.217

	22
	6
	20
	1.302

	23
	6
	21
	1.417

	24
	6
	22
	1.529

	25
	6
	23
	1.593

	26
	6
	24
	1.713

	27
	6
	25
	1.772

	28
	6
	26A
	1.850

	29
	2
	reserved
	

	30
	4
	
	

	31
	6
	
	


This loss of more than 50% of the choices leads to a loss of throughput in a partial subframe.

In order to have more choices available, we think a simple but effective mechanism is to allow a change of the modulation order to the next higher supported level for the cases that the code rate would exceed 0.931. Assuming that 64-QAM is the highest supported modulation order, this implies that the modulation order for MCS levels 7-9 is changed from QPSK to 16-QAM, and for MCS levels 13-16 it is changed from 16-QAM to 64-QAM.These modifications are shown in Table 2.

Table 2: Improved MCS/TBS table for an initial partial subframe (up to 64-QAM)
	MCS Index
	Mod. Order
	TBS Index
	Code rate

	0
	2
	0
	0.233

	1
	2
	1
	0.302

	2
	2
	2
	0.382

	3
	2
	3
	0.478

	4
	2
	4
	0.602

	5
	2
	5
	0.73

	6
	2
	6
	0.858

	7
	4
	7
	0.509

	8
	4
	8
	0.588

	9
	4
	9
	0.660

	10
	4
	9
	0.660

	11
	4
	10
	0.732

	12
	4
	11
	0.827

	13
	6
	12
	0.637

	14
	6
	13
	0.707

	15
	6
	14
	0.787

	16
	6
	15
	0.849

	17
	6
	15
	0.849

	18
	6
	16
	0.913

	19
	6
	17
	1.019

	20
	6
	18
	1.090

	21
	6
	19
	1.217

	22
	6
	20
	1.302

	23
	6
	21
	1.417

	24
	6
	22
	1.529

	25
	6
	23
	1.593

	26
	6
	24
	1.713

	27
	6
	25
	1.772

	28
	6
	26A
	1.850

	29
	2
	reserved
	

	30
	4
	
	

	31
	6
	
	


As a result, the eNB has 5 additional choices for MCS/TBS available.
Observation 1: For a UE configured to use up to 64-QAM, when increasing the modulation level for MCS levels 7-9 & 13-16, 5 additional choices for MCS/TBS are available.
3 MCS/TBS for UEs configured for 256-QAM

For a UE configured to use 256-QAM, Table 3 shows the coding rate under the same assumptions as for Table 1:

Table 3: Code rates for an initial partial subframe supporting 256-QAM

	MCS Index
	Mod. Order
	TBS Index
	Code rate

	0
	2 
	0 
	0.233

	1
	2 
	2 
	0.382

	2
	2 
	4 
	0.602

	3
	2 
	6 
	0.858

	4
	2 
	8 
	1.176

	5
	4 
	10 
	0.732

	6
	4 
	11 
	0.827

	7
	4 
	12 
	0.956

	8
	4 
	13 
	1.061

	9
	4 
	14 
	1.181

	10
	4 
	15 
	1.274

	11
	6 
	16 
	0.913

	12
	6 
	17 
	1.019

	13
	6 
	18 
	1.090

	14
	6 
	19 
	1.217

	15
	6 
	20 
	1.302

	16
	6 
	21 
	1.417

	17
	6 
	22 
	1.529

	18
	6 
	23 
	1.593

	19
	6 
	24 
	1.713

	20
	8 
	25 
	1.329

	21
	8 
	27 
	1.387

	22
	8 
	28 
	1.482

	23
	8 
	29 
	1.536

	24
	8 
	30 
	1.640

	25
	8 
	31 
	1.691

	26
	8 
	32 
	1.766

	27
	8 
	33A 
	1.832

	28
	2 
	reserved
	

	29
	4 
	
	

	30
	6 
	
	

	31
	8 
	
	


Only 7 out of 28 MCS and TBS levels of would be available, and the use of 256-QAM in a partial subframe would be completely unreasonable even for the highest SINRs, since the highest reasonable MCS level is entry #11 employing 64-QAM. Since only fewer choices are available than for the 64-QAM table, it could well happen that the throughput in a partial subframe for a 256-QAM UE is worse than for a 64-QAM UE!
For 256-QAM,the same mechanism as for 64-QAM is possible to improve the MCS/TBS table. Table 4 shows the corresponding modified modulation order and resulting coding rates that become available thereby.

Table 4: Improved MCS/TBS table for an initial partial subframe (up to 256-QAM)

	MCS Index
	Mod. Order
	TBS Index
	Code rate

	0
	2 
	0 
	0.233

	1
	2 
	2 
	0.382

	2
	2 
	4 
	0.602

	3
	2 
	6 
	0.858

	4
	4 
	8 
	0.588

	5
	4 
	10 
	0.732

	6
	4 
	11 
	0.827

	7
	6 
	12 
	0.637

	8
	6 
	13 
	0.707

	9
	6 
	14 
	0.787

	10
	6 
	15 
	0.849

	11
	6 
	16 
	0.913

	12
	8
	17 
	0.765

	13
	8 
	18 
	0.817

	14
	8 
	19 
	0.913

	15
	8 
	20 
	0.977

	16
	8 
	21 
	1.063

	17
	8
	22 
	1.147

	18
	8 
	23 
	1.195

	19
	8
	24 
	1.285

	20
	8 
	25 
	1.329

	21
	8 
	27 
	1.387

	22
	8 
	28 
	1.482

	23
	8 
	29 
	1.536

	24
	8 
	30 
	1.640

	25
	8 
	31 
	1.691

	26
	8 
	32 
	1.766

	27
	8 
	33A 
	1.832

	28
	2 
	reserved
	

	29
	4 
	
	

	30
	6 
	
	

	31
	8 
	
	


By increasing the modulation order from 64-QAM to 256-QAM would increase the peak throughput from 32816 kb/s to 43816 kb/s, i.e. a peak gain of 33.5% can be observed.

Observation 2: For a UE configured to use up to 256-QAM, in a partial subframe 256-QAM cannot be currently assigned if the UE should attempt to decode the packet.

Observation 3: For a UE configured to use up to 256-QAM, when increasing the modulation level, 256-QAM can be assigned and a peak throughput gain of 33.5% is observed.
4 Conclusion
Observation 1: For a UE configured to use up to 64-QAM, when increasing the modulation level for MCS levels 7-9 & 13-16, 5 additional choices for MCS/TBS are available.
Observation 2: For a UE configured to use up to 256-QAM, in a partial subframe 256-QAM cannot be currently assigned if the UE should attempt to decode the packet.

Observation 3: For a UE configured to use up to 256-QAM, when increasing the modulation level, 256-QAM can be assigned and a peak throughput gain of 33.5% is observed.
Proposal: We propose to specify that for an initial partial subframe, the UE uses the following tables to determine the modulation order and the TBS:
64-QAM MCS/TBS Table

	MCS Index
	Mod. Order
	TBS Index

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	4
	7

	8
	4
	8

	9
	4
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	6
	12

	14
	6
	13

	15
	6
	14

	16
	6
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26/26A

	29
	2
	reserved

	30
	4
	

	31
	6
	


256-QAM MCS/TBS Table

	MCS Index
	Mod. Order
	TBS Index

	0
	2 
	0 

	1
	2 
	2 

	2
	2 
	4 

	3
	2 
	6 

	4
	4 
	8 

	5
	4 
	10 

	6
	4 
	11 

	7
	6 
	12 

	8
	6 
	13 

	9
	6 
	14 

	10
	6 
	15 

	11
	6 
	16 

	12
	8
	17 

	13
	8 
	18 

	14
	8 
	19 

	15
	8 
	20 

	16
	8 
	21 

	17
	8
	22 

	18
	8 
	23 

	19
	8
	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 
	


A corresponding draft CR is provided in R1-160795.
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