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1 Introduction

This contribution shows our thoughts and throughput evaluations for new DL partial subframes, where the starting symbols are #4 and #11.
2 Discussion

Similar to the solution for initial partial subframes in LAA (Release 13), we think it is reasonable keep the TBS independent of the usable fraction of a subframe so that the implementation especially at the network side involving higher layers can be kept reasonable. Consequently, we present here a modified MCS table where the modulation order is adapted if the code rate exceeds 0.71, similar as the original MCS table switching points between modulation schemes.
As a result, Table 1 shows the MCS table for UEs supporting only up to 64-QAM, while Table 2 shows the MCS table for UEs supporting up to 256 QAM. The tables highlight those levels where the modulation table is adapted compared to the full subframe case, as well as MCS levels that are not reasonably usable due to the high code rate (>0.932).
Table 1: Suggested MCS/TBS table for an initial partial subframe (up to 64-QAM)
	MCS Index
	TBS Index
	Mod. Order
	Code rate Start at #0
(120 REs)
	Mod. Order
	Code rate Start at #4
(76 REs)
	Mod. Order
	Code rate Start at #7
(56 REs)
	Mod. Order
	Code rate Start at #11
(12 REs)

	0
	0
	2
	0.116
	2
	0.184
	2
	0.249
	4
	0.582

	1
	1
	2
	0.151
	2
	0.238
	2
	0.323
	6
	0.503

	2
	2
	2
	0.191
	2
	0.302
	2
	0.409
	6
	0.637

	3
	3
	2
	0.239
	2
	0.377
	2
	0.512
	6
	0.797

	4
	4
	2
	0.301
	2
	0.475
	2
	0.645
	6
	1.003

	5
	5
	2
	0.365
	2
	0.576
	4
	0.391
	6
	1.217

	6
	6
	2
	0.429
	2
	0.677
	4
	0.460
	6
	1.430

	7
	7
	2
	0.509
	4
	0.402
	4
	0.545
	6
	1.697

	8
	8
	2
	0.588
	4
	0.464
	4
	0.630
	6
	1.960

	9
	9
	2
	0.660
	4
	0.521
	4
	0.707
	6
	2.200

	10
	9
	4
	0.330
	4
	0.521
	6
	0.471
	6
	2.200

	11
	10
	4
	0.366
	4
	0.578
	6
	0.523
	6
	2.440

	12
	11
	4
	0.414
	4
	0.653
	6
	0.591
	6
	2.757

	13
	12
	4
	0.478
	6
	0.503
	6
	0.682
	6
	3.183

	14
	13
	4
	0.530
	6
	0.558
	6
	0.758
	6
	3.536

	15
	14
	4
	0.590
	6
	0.621
	6
	0.843
	6
	3.936

	16
	15
	4
	0.637
	6
	0.671
	6
	0.910
	6
	4.247

	17
	15
	6
	0.425
	6
	0.671
	6
	0.910
	6
	4.247

	18
	16
	6
	0.456
	6
	0.721
	6
	0.977
	6
	4.563

	19
	17
	6
	0.510
	6
	0.805
	6
	1.092
	6
	5.097

	20
	18
	6
	0.545
	6
	0.860
	6
	1.168
	6
	5.449

	21
	19
	6
	0.609
	6
	0.961
	6
	1.304
	6
	6.086

	22
	20
	6
	0.651
	6
	1.028
	6
	1.395
	6
	6.512

	23
	21
	6
	0.709
	6
	1.119
	6
	1.519
	6
	7.087

	24
	22
	6
	0.765
	6
	1.207
	6
	1.639
	6
	7.647

	25
	23
	6
	0.796
	6
	1.257
	6
	1.706
	6
	7.963

	26
	24
	6
	0.856
	6
	1.352
	6
	1.835
	6
	8.564

	27
	25
	6
	0.886
	6
	1.399
	6
	1.898
	6
	8.858

	28
	26A
	6
	0.925
	6
	1.460
	6
	1.982
	6
	9.249

	29
	reserved
	2
	reserved
	2
	reserved
	2
	reserved
	2
	reserved

	30
	
	4
	
	4
	
	4
	
	4
	

	31
	
	6
	
	6
	
	6
	
	6
	


Table 2: Suggested MCS/TBS table for an initial partial subframe (up to 256-QAM)

	MCS Index
	TBS Index
	Mod. Order
	Code rate Start at #0
(120 REs)
	Mod. Order
	Code rate Start at #4
(76 REs)
	Mod. Order
	Code rate Start at #7
(56 REs)
	Mod. Order
	Code rate Start at #11
(12 REs)

	0
	0 
	2
	0.116
	2 
	0.184
	2 
	0.249
	4
	0.582

	1
	2 
	2
	0.191
	2 
	0.302
	2 
	0.409
	6
	0.637

	2
	4 
	2
	0.301
	2 
	0.475
	2 
	0.645
	8
	0.753

	3
	6 
	2
	0.429
	2 
	0.677
	4
	0.460
	8
	1.073

	4
	8 
	2
	0.588
	4
	0.464
	4
	0.630
	8
	1.470

	5
	10 
	4
	0.366
	4
	0.578
	6
	0.522
	8
	1.830

	6
	11 
	4
	0.414
	4
	0.653
	6
	0.591
	8
	2.068

	7
	12 
	4
	0.478
	6
	0.503
	6
	0.682
	8
	2.388

	8
	13 
	4
	0.530
	6
	0.558
	6
	0.758
	8
	2.652

	9
	14 
	4
	0.590
	6
	0.621
	6
	0.843
	8
	2.952

	10
	15 
	4
	0.637
	6
	0.671
	8
	0.683
	8
	3.185

	11
	16 
	6
	0.456
	6
	0.721
	8
	0.733
	8
	3.423

	12
	17 
	6
	0.510
	6
	0.805
	8
	0.819
	8
	3.823

	13
	18 
	6
	0.545
	6
	0.860
	8
	0.876
	8
	4.087

	14
	19 
	6
	0.609
	8
	0.720
	8
	0.978
	8
	4.564

	15
	20 
	6
	0.651
	8
	0.771
	8
	1.047
	8
	4.884

	16
	21 
	6
	0.709
	8
	0.839
	8
	1.139
	8
	5.135

	17
	22 
	6
	0.765
	8
	0.906
	8
	1.229
	8
	5.735

	18
	23 
	6
	0.796
	8
	0.943
	8
	1.280
	8
	5.973

	19
	24 
	6
	0.856
	8
	1.049
	8
	1.424
	8
	6.643

	20
	25 
	8
	0.664
	8 
	1.239
	8 
	1.683
	8 
	7.852

	21
	27 
	8
	0.694
	8 
	1.095
	8 
	1.486
	8 
	6.937

	22
	28 
	8
	0.741
	8 
	1.170
	8 
	1.587
	8 
	7.408

	23
	29 
	8
	0.768
	8 
	1.212
	8 
	1.645
	8 
	7.678

	24
	30 
	8
	0.820
	8 
	1.294
	8 
	1.757
	8 
	8.198

	25
	31 
	8
	0.846
	8 
	1.335
	8 
	1.812
	8 
	8.456

	26
	32 
	8
	0.977
	8 
	1.394
	8 
	1.892
	8 
	8.829

	27
	33A 
	8
	1.020
	8 
	1.446
	8 
	1.963
	8 
	9.160

	28
	reserved
	
	reserved
	2
	reserved
	2
	reserved
	2
	reserved

	29
	
	4
	
	4
	
	4
	
	4
	

	30
	
	6
	
	6
	
	6
	
	6
	

	31
	
	8
	
	8
	
	8
	
	8
	


Clearly, the choices for a partial subframe starting at symbol #11 are extremely limited - starting off immediately at 16-QAM, and with only 3 or 4 TBS choices. These limited choices would in practice limit the scheduling in the system for the initial full or (longer) partial subframes: Either the eNB limits the scheduling of initial subframes to the TBSs available for starting symbol #11, or the eNB will not use the partial subframe in case the determined TBS is not available for the shorter initial partial subframe, and defers channel access therefore to the next full subframe.
Observation 1: Supporting a very limited set of choices for a very short initial DL subframe may have detrimental effects on the overall scheduling flexibility in any initial subframe, or may cause excessive deferral of channel access to the subsequent full subframe.

We have evaluated the throughput of partial subframes assuming TBS/MCS as in Table 1. The simulation conditions follow the outdoor scenario defined for the coexistence evaluation, with the notable exceptions that full Tx buffers have been evaluated, and no Wi-Fi nodes were deployed.

Table 3: Throughput in an initial subframe (up to 64-QAM)

	
	Throughput
95%-ile
	Throughput

50%-ile
	Throughput

Average

	Full subframe (for reference)
	13.15 MBit/s
	3.56 MBit/s
	4.84 MBit/s

	Starting Symbol #4
	8.99 MBit/s
	2.43 MBit/s
	3.31 MBit/s

	Starting Symbol #7
	6.85 MBit/s
	1.82 MBit/s
	2.49 MBit/s

	Starting Symbol #11
	2.45 MBit/s
	0.34 MBit/s
	0.66 MBit/s



From the results shown in Table 3, we draw the following observations:

Observation 2: For UEs in a good SINR condition, starting at symbol #11 achieves about a third of the throughput offered by a half-subframe. For all other SINR conditions, the throughput goes down dramatically.
Observation 3: For UEs in good and average SINR conditions, starting at symbol #4 achieves a gain of 30-35% compared to the throughput offered by a half-subframe.

Based on these observations, we arrive at the following conclusions:

Proposal: Adopt a new starting position at OFDM symbol #4. No new starting position at OFDM symbol #11 is introduced.
3 Conclusion
We make the following observations and conclusions:
Observation 1: Supporting a very limited set of choices for a very short initial DL subframe may have detrimental effects on the overall scheduling flexibility in any initial subframe, or may cause excessive deferral of channel access to the subsequent full subframe.

Observation 2: For UEs in a good SINR condition, starting at symbol #11 achieves about a third of the throughput offered by a half-subframe. For all other SINR conditions, the throughput goes down dramatically.

Observation 3: For UEs in good and average SINR conditions, starting at symbol #4 achieves a gain of 30-35% compared to the throughput offered by a half-subframe.

Proposal: Adopt a new starting position at OFDM symbol #4. No new starting position at OFDM symbol #11 is introduced.
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