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Introduction
DL initial partial TTI was introduced in Rel-13 LAA WI to allow additional chances to start DL transmissions in the unlicensed band serving cells. It was discussed in [1] that additional MCS tables may be needed to support transmission in DL initial partial TTI efficiently. However, the analysis in [1] was based on a simplified assumption of multiplying the Rel-8/12 MCS code rates by a factor of two. As a result, the analysis does not address the actual available amount of resources correctly in all cases and the proposed solution was not optimized.
We present a careful analysis of the MCS selection issues for DL initial partial TTI in this contribution. Based on the analysis, we further propose an optimized design.
[bookmark: _Ref426729914]Rel-8 and Rel-12 PDSCH MCS table designs
The Rel-8 PDSCH MCS table and the Rel-12 MCS table for PDSCH with 256QAM support were designed based on extensive simulation contributions from many 3GPP companies. In particular, the coding rates of different modulations have been carefully selected to optimize link and system performance. As shown in Table 1, these two PDSCH MCS tables are designed assuming 120 REs available in the TTI (except for TBS 26/33, which are meant for 136 REs). It can be observed coding rate thresholds used to switch to a higher order modulation based on the extensive studies in Rel-8 and Rel-12 are
· QPSK → 16QAM when the code rate is at least 0.663
· 16QAM → 64QAM when the code rate is at least 0.643
· 64QAM → 256QAM when the code rate is at least 0.853
[bookmark: _Ref446581467]Table 1 MCS table designs for Rel-8 and Rel-12 PDSCH
	
	Rel-8 MCS table
	Rel-12 256QAM MCS table

	MCS 
Index
	Modulation
Order
	TBS
Index
	Code Rate 
@ 120 REs
	Modulation
Order
	TBS
Index
	Code Rate 
@ 120 REs

	0
	2
	0
	0.117
	2
	0
	0.117

	1
	2
	1
	0.153
	2
	2
	0.188

	2
	2
	2
	0.188
	2
	4
	0.301

	3
	2
	3
	0.245
	2
	6
	0.438

	4
	2
	4
	0.301
	2
	8
	0.588

	5
	2
	5
	0.370
	4
	10
	0.369

	6
	2
	6
	0.438
	4
	11
	0.424

	7
	2
	7
	0.514
	4
	12
	0.479

	8
	2
	8
	0.588
	4
	13
	0.540

	9
	2
	9
	0.663
	4
	14
	0.602

	10
	4
	9
	0.332
	4
	15
	0.643

	11
	4
	10
	0.369
	6
	16
	0.455

	12
	4
	11
	0.424
	6
	17
	0.505

	13
	4
	12
	0.479
	6
	18
	0.554

	14
	4
	13
	0.540
	6
	19
	0.602

	15
	4
	14
	0.602
	6
	20
	0.650

	16
	4
	15
	0.643
	6
	21
	0.702

	17
	6
	15
	0.428
	6
	22
	0.754

	18
	6
	16
	0.455
	6
	23
	0.803

	19
	6
	17
	0.505
	6
	24
	0.853

	20
	6
	18
	0.554
	8
	25
	0.667

	21
	6
	19
	0.602
	8
	27
	0.694

	22
	6
	20
	0.650
	8
	28
	0.736

	23
	6
	21
	0.702
	8
	29
	0.778

	24
	6
	22
	0.754
	8
	30
	0.821

	25
	6
	23
	0.803
	8
	31
	0.864

	26
	6
	24
	0.853
	8
	32
	0.895

	27
	6
	25
	0.889
	8
	33
	1.049

	28
	6
	26
	1.049
	



Code rate analysis for DL initial partial TTIs
It was discussed in [1] that more than half of the MCS entries may have too high code rates and become unusable. However, the analysis in [1] was based on a simplified assumption of multiplying the Rel-8/12 MCS code rates by a factor of two. As a result, the analysis does not address the actual available amount of resources correctly and the proposed solution was not optimized.
When an eNB is to transmit in an initial partial DL TTI, it has the choices of using one, two or three OFDM symbols for the PDCCH control region. The available number of REs in a initial partial DL TTI can take on one of the following values:
· 68 REs: based on 1OS for control and 2-port CRS
· 56 REs: based on 2OS for control and 2-port CRS
· 44 REs: based on 2OS for control and 2-port CRS
Using these exact amount of available resources, we provide the resulting code rates for a DL initial partial TTI in columns 3—6 of Table 2 and Table 3. MCS entries with code rates higher than 0.931 are highlighted in dark orange. It can be observed that only ten MCS entries may be useable in the Rel-8 MCS table if the eNB uses 2 OS for the control region. In the case of the Rel-12 MCS table with 256QAM support, only five MCS entries are usable based on the same configuration. 
It was proposed in [1] that such excessive code rate problems can be mitigated by introducing new MCS tables for DL initial partial TTIs. These new MCS tables feature increasing the modulation orders for some of the MCS entries to reduce the code rates. The exact code rates of the proposal based on the three possible available number of REs are provided in columns 7—10 of Table 2 and Table 3. It can be observed that
· The adjustment proposal increase the number of usable MCS entries. There are 17 useable MCS entries without 256QAM and 12 useable MCS entries with 256QAM support in the configuration of 2 OS control region and 2-port CRS. 
· If the eNB use 3 OS for the control region, then there are still only 10 useable MCS entries without 256QAM and 5 useable MCS entries with 256QAM support. However, in fact, only one 64QAM MCS is usable and 256QAM cannot be used at all in this configuration.
· However, the design is not optimized. It can be observed that the useable MCS entries are not contiguous. Furthermore, some of these “usable” MCS entries have code rate much higher than those suitable for the respective modulation orders. Consequently, these MCS entries (marked by pink color) have performance worse than higher MCS entries. That is, these marked MCS may not be really usable or useful.
It is our view that, if new MCS tables are to be introduced for DL initial partial TTIs, the designs should be carefully optimized for high link and system performance. Based on the above analysis, we propose to further increase the modulation orders of the MCS entries to address the above identified issues. The proposal is presented in column 11 of Table 2 and Table 3 and the resulting codes rates are provided in columns 12—14. The following observations can be drawn:
· The new adjustment proposal enables even more usable MCS entries. There are 18 useable MCS entries without 256QAM and 14 useable MCS entries with 256QAM support in the configuration of 2 OS control region and 2-port CRS. Note that none of them has excessive high code rate issues. 
· If the eNB use 3 OS for the control region, then there are still 13 useable MCS entries without 256QAM and 10 useable MCS entries with 256QAM support. Note that multiple 64QAM MCS entries are available and 256QAM can actually be used.
· Most of the MCS entries in columns with code rates exceeding the suitable ranges have been remedied in the alternative proposal via higher order modulation. For instance, QPSK with r=0.793 is replaced by 16QAM with r=0.397, which provides better link performance for the DL OFDM waveform.
[bookmark: _Ref447283841]Table 2 Code rates for DL initial partial TTI without 256QAM support
	MCS 
Index
	TBS
Index
	Without change
	Modulation order adjustment
option 1 [1]
	Modulation order adjustment
option 2

	
	
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE

	0
	0
	2
	0.207
	0.251
	0.320
	2
	0.207
	0.251
	0.320
	2
	0.207
	0.251
	0.320

	1
	1
	2
	0.271
	0.329
	0.418
	2
	0.271
	0.329
	0.418
	2
	0.271
	0.329
	0.418

	2
	2
	2
	0.333
	0.404
	0.514
	2
	0.333
	0.404
	0.514
	2
	0.333
	0.404
	0.514

	3
	3
	2
	0.433
	0.525
	0.669
	2
	0.433
	0.525
	0.669
	2
	0.433
	0.525
	0.669

	4
	4
	2
	0.531
	0.645
	0.820
	2
	0.531
	0.645
	0.820
	2
	0.531
	0.645
	0.820

	5
	5
	2
	0.653
	0.793
	1.009
	2
	0.653
	0.793
	1.009
	4
	0.327
	0.397
	0.505

	6
	6
	2
	0.774
	0.940
	1.196
	2
	0.774
	0.940
	1.196
	4
	0.387
	0.470
	0.598

	7
	7
	2
	0.906
	1.101
	1.401
	4
	0.453
	0.550
	0.700
	4
	0.453
	0.550
	0.700

	8
	8
	2
	1.037
	1.260
	1.603
	4
	0.519
	0.630
	0.802
	4
	0.519
	0.630
	0.802

	9
	9
	2
	1.170
	1.421
	1.808
	4
	0.585
	0.710
	0.904
	4
	0.585
	0.710
	0.904

	10
	9
	4
	0.586
	0.711
	0.906
	4
	0.586
	0.711
	0.906
	6
	0.391
	0.474
	0.604

	11
	10
	4
	0.651
	0.791
	1.007
	4
	0.651
	0.791
	1.007
	6
	0.434
	0.527
	0.671

	12
	11
	4
	0.748
	0.908
	1.156
	4
	0.748
	0.908
	1.156
	6
	0.499
	0.605
	0.771

	13
	12
	4
	0.844
	1.025
	1.305
	6
	0.563
	0.684
	0.870
	6
	0.563
	0.684
	0.870

	14
	13
	4
	0.953
	1.157
	1.473
	6
	0.635
	0.771
	0.982
	6
	0.635
	0.771
	0.982

	15
	14
	4
	1.062
	1.289
	1.641
	6
	0.708
	0.859
	1.094
	6
	0.708
	0.859
	1.094

	16
	15
	4
	1.134
	1.377
	1.752
	6
	0.756
	0.918
	1.168
	6
	0.756
	0.918
	1.168

	17
	15
	6
	0.755
	0.917
	1.167
	6
	0.755
	0.917
	1.167
	6
	0.755
	0.917
	1.167

	18
	16
	6
	0.803
	0.975
	1.241
	6
	0.803
	0.975
	1.241
	6
	0.803
	0.975
	1.241

	19
	17
	6
	0.891
	1.082
	1.377
	6
	0.891
	1.082
	1.377
	6
	0.891
	1.082
	1.377

	20
	18
	6
	0.977
	1.187
	1.510
	6
	0.977
	1.187
	1.510
	6
	0.977
	1.187
	1.510

	21
	19
	6
	1.062
	1.289
	1.641
	6
	1.062
	1.289
	1.641
	6
	1.062
	1.289
	1.641

	22
	20
	6
	1.148
	1.394
	1.774
	6
	1.148
	1.394
	1.774
	6
	1.148
	1.394
	1.774

	23
	21
	6
	1.239
	1.505
	1.915
	6
	1.239
	1.505
	1.915
	6
	1.239
	1.505
	1.915

	24
	22
	6
	1.330
	1.616
	2.056
	6
	1.330
	1.616
	2.056
	6
	1.330
	1.616
	2.056

	25
	23
	6
	1.417
	1.720
	2.189
	6
	1.417
	1.720
	2.189
	6
	1.417
	1.720
	2.189

	26
	24
	6
	1.504
	1.827
	2.325
	6
	1.504
	1.827
	2.325
	6
	1.504
	1.827
	2.325

	27
	25
	6
	1.568
	1.904
	2.424
	6
	1.568
	1.904
	2.424
	6
	1.568
	1.904
	2.424

	28
	26
	6
	1.852
	2.248
	2.862
	6
	1.852
	2.248
	2.862
	6
	1.852
	2.248
	2.862



[bookmark: _Ref447284030]Table 3 Code rates for DL initial partial TTI with 256QAM support
	MCS 
Index
	TBS
Index
	Without change
	Modulation order adjustment
option 1 [1]
	Modulation order adjustment
option 2

	
	
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE
	Mod
Order
	r @
68 RE
	r @
56 RE
	r @
44 RE

	0
	0
	2
	0.207
	0.251
	0.320
	2
	0.207
	0.251
	0.320
	2
	0.207
	0.251
	0.320

	1
	2
	2
	0.333
	0.404
	0.514
	2
	0.333
	0.404
	0.514
	2
	0.333
	0.404
	0.514

	2
	4
	2
	0.531
	0.645
	0.820
	2
	0.531
	0.645
	0.820
	2
	0.531
	0.645
	0.820

	3
	6
	2
	0.774
	0.940
	1.196
	2
	0.774
	0.940
	1.196
	4
	0.387
	0.470
	0.598

	4
	8
	2
	1.037
	1.260
	1.603
	4
	0.519
	0.630
	0.802
	4
	0.519
	0.630
	0.802

	5
	10
	4
	0.651
	0.791
	1.007
	4
	0.651
	0.791
	1.007
	6
	0.434
	0.527
	0.671

	6
	11
	4
	0.748
	0.908
	1.156
	4
	0.748
	0.908
	1.156
	6
	0.499
	0.605
	0.771

	7
	12
	4
	0.844
	1.025
	1.305
	6
	0.563
	0.684
	0.870
	6
	0.563
	0.684
	0.870

	8
	13
	4
	0.953
	1.157
	1.473
	6
	0.635
	0.771
	0.982
	6
	0.635
	0.771
	0.982

	9
	14
	4
	1.062
	1.289
	1.641
	6
	0.708
	0.859
	1.094
	6
	0.708
	0.859
	1.094

	10
	15
	4
	1.134
	1.377
	1.752
	6
	0.756
	0.918
	1.168
	8
	0.567
	0.688
	0.876

	11
	16
	6
	0.803
	0.975
	1.241
	6
	0.803
	0.975
	1.241
	8
	0.602
	0.731
	0.931

	12
	17
	6
	0.891
	1.082
	1.377
	8
	0.668
	0.811
	1.033
	8
	0.668
	0.811
	1.033

	13
	18
	6
	0.977
	1.187
	1.510
	8
	0.733
	0.890
	1.133
	8
	0.733
	0.890
	1.133

	14
	19
	6
	1.062
	1.289
	1.641
	8
	0.796
	0.967
	1.230
	8
	0.796
	0.967
	1.230

	15
	20
	6
	1.148
	1.394
	1.774
	8
	0.861
	1.045
	1.330
	8
	0.861
	1.045
	1.330

	16
	21
	6
	1.239
	1.505
	1.915
	8
	0.929
	1.128
	1.436
	8
	0.929
	1.128
	1.436

	17
	22
	6
	1.330
	1.616
	2.056
	8
	0.998
	1.212
	1.542
	8
	0.998
	1.212
	1.542

	18
	23
	6
	1.417
	1.720
	2.189
	8
	1.062
	1.290
	1.642
	8
	1.062
	1.290
	1.642

	19
	24
	6
	1.504
	1.827
	2.325
	8
	1.128
	1.370
	1.744
	8
	1.128
	1.370
	1.744

	20
	25
	8
	1.176
	1.428
	1.818
	8
	1.176
	1.428
	1.818
	8
	1.176
	1.428
	1.818

	21
	27
	8
	1.225
	1.488
	1.894
	8
	1.225
	1.488
	1.894
	8
	1.225
	1.488
	1.894

	22
	28
	8
	1.299
	1.578
	2.008
	8
	1.299
	1.578
	2.008
	8
	1.299
	1.578
	2.008

	23
	29
	8
	1.374
	1.668
	2.123
	8
	1.374
	1.668
	2.123
	8
	1.374
	1.668
	2.123

	24
	30
	8
	1.449
	1.760
	2.240
	8
	1.449
	1.760
	2.240
	8
	1.449
	1.760
	2.240

	25
	31
	8
	1.525
	1.852
	2.357
	8
	1.525
	1.852
	2.357
	8
	1.525
	1.852
	2.357

	26
	32
	8
	1.579
	1.918
	2.441
	8
	1.579
	1.918
	2.441
	8
	1.579
	1.918
	2.441

	27
	33
	8
	1.852
	2.248
	2.862
	8
	1.852
	2.248
	2.862
	8
	1.852
	2.248
	2.862



Link level evaluation results
[bookmark: _Ref378842770][image: ]
[bookmark: _Ref447282393]Figure 1 Link level simulation results for different modulations and code rates (BLER 0.1)
Conclusion
Based on analysis presented in this document, we make the following observations and proposals.
Proposal 1 If new MCS tables are to be introduced for DL initial partial TTIs, the designs should be carefully optimized for high link and system performance.
Proposal 2 New MCS tables for DL initial partial TTI are defined as follows:
	PDSCH without 256QAM support
	
	PDSCH with 256QAM support

	MCS 
Index
	Modulation
Order
	TBS
Index
	
	MCS 
Index
	Modulation
Order
	TBS
Index

	0
	2
	0
	
	0
	2
	0

	1
	2
	1
	
	1
	2
	2

	2
	2
	2
	
	2
	2
	4

	3
	2
	3
	
	3
	4
	6

	4
	2
	4
	
	4
	4
	8

	5
	4
	5
	
	5
	6
	10

	6
	4
	6
	
	6
	6
	11

	7
	4
	7
	
	7
	6
	12

	8
	4
	8
	
	8
	6
	13

	9
	4
	9
	
	9
	6
	14

	10
	6
	9
	
	10
	8
	15

	11
	6
	10
	
	11
	8
	16

	12
	6
	11
	
	12
	8
	17

	13
	6
	12
	
	13
	8
	18

	14
	6
	13
	
	14
	8
	19

	15
	6
	14
	
	15
	8
	20

	16
	6
	15
	
	16
	8
	21

	17
	6
	15
	
	17
	8
	22

	18
	6
	16
	
	18
	8
	23

	19
	6
	17
	
	19
	8
	24

	20
	6
	18
	
	20
	8
	25

	21
	6
	19
	
	21
	8
	27

	22
	6
	20
	
	22
	8
	28

	23
	6
	21
	
	23
	8
	29

	24
	6
	22
	
	24
	8
	30

	25
	6
	23
	
	25
	8
	31

	26
	6
	24
	
	26
	8
	32

	27
	6
	25
	
	27
	8
	33/33A

	28
	6
	26/26A
	
	28
	2
	reserved

	29
	2
	reserved
	
	29
	4
	

	30
	4
	
	
	30
	6
	

	31
	6
	
	
	31
	8
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