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1. Introduction

The signaling of the Rel-8 PDSCH modulation and transport block size is based on [1]

 REF _Ref355007458 \r \h 
[2]

 REF _Ref355007460 \r \h 
[3]

 REF _Ref355007461 \r \h 
[4]

 REF _Ref355007463 \r \h 
[5]:

· a size 27×110 TBS table and 
· a PDSCH MCS table to read the modulation order and the TBS index.

Such a design proves flexible as PUSCH can reuse the same TBS table with a slightly modified PUSCH MCS table that maps the modulation order and the TBS index suitable for the DFT precoded OFDM uplink [4]. Furthermore, the largest single-layer TBS of 75376 bits form the basis of specifying the total number of soft channel bits for different UE categories in TS 36.306 Table 4.1-1 [6].

One of the justification for approving the new carrier type for LTE work item in Rel-12 was enhanced spectral efficiency through overhead reduction [7]

 REF _Ref355008317 \r \h 
[8]. More specifically, the cell-specific RS (CRS) is replaced with an extended synchronization signal (ESS) of much lower density and the time domain multiplexed PDCCH region is replaced by a more flexible frequency domain multiplexed EPDCCH set. Some issues of directly applying Rel-8 MCS and TBS tables to NCT was discussed in [9]

 REF _Ref355008469 \r \h 
[10]. In this contribution, we further analyze the subject and propose an additional simple solution for consideration.
2. Rel-8 PDSCH MCS and TBS Tables
The Rel-8 PDSCH MCS and TBS tables are designed based on 120 REs per PRB pair while allowing peak rate to be achievable with minimum control channel overhead as shown in Table 1. It was observed that the coding rates tend lower than the Rel-8 design target. In particular, the transition code rates between the modulations are lower than the optimal settings, which can result in lower throughput. If EPDCCH allocation is set aside on an NCT carrier, the PDSCH will not utilize the largest single-layer TBS, resulting in loss of peak data rates and waste of the soft buffer memory in the UE. 
Table 1 Rel-8 and NCT coding rates with Rel-8 PDSCH MCS table

	Rel-8 MCS Table
	
	Rel-8
	
	NCT

	MCS
Index
	Mod
Order
	TBS
Index
	
	
	
	ESS subframe
	non-ESS subframe

	
	
	
	
	2TX,3OS
	
	12DMRS
	24DMRS
	12DMRS
	24DMRS

	0
	2
	0
	
	0.117
	
	0.095
	0.103
	0.090
	0.098

	1
	2
	1
	
	0.153
	
	0.124
	0.135
	0.118
	0.128

	2
	2
	2
	
	0.188
	
	0.153
	0.166
	0.145
	0.157

	3
	2
	3
	
	0.245
	
	0.199
	0.216
	0.189
	0.204

	4
	2
	4
	
	0.301
	
	0.244
	0.265
	0.231
	0.251

	5
	2
	5
	
	0.370
	
	0.300
	0.327
	0.285
	0.308

	6
	2
	6
	
	0.438
	
	0.356
	0.387
	0.337
	0.365

	7
	2
	7
	
	0.514
	
	0.416
	0.453
	0.395
	0.428

	8
	2
	8
	
	0.588
	
	0.477
	0.519
	0.452
	0.490

	9
	2
	9
	
	0.663
	
	0.538
	0.585
	0.510
	0.553

	10
	4
	9
	
	0.332
	
	0.269
	0.293
	0.255
	0.276

	11
	4
	10
	
	0.369
	
	0.299
	0.326
	0.284
	0.308

	12
	4
	11
	
	0.424
	
	0.344
	0.374
	0.326
	0.353

	13
	4
	12
	
	0.479
	
	0.388
	0.422
	0.368
	0.399

	14
	4
	13
	
	0.540
	
	0.438
	0.477
	0.415
	0.450

	15
	4
	14
	
	0.602
	
	0.488
	0.531
	0.463
	0.501

	16
	4
	15
	
	0.643
	
	0.521
	0.567
	0.494
	0.535

	17
	6
	15
	
	0.428
	
	0.347
	0.378
	0.330
	0.357

	18
	6
	16
	
	0.455
	
	0.369
	0.402
	0.350
	0.379

	19
	6
	17
	
	0.505
	
	0.409
	0.445
	0.388
	0.421

	20
	6
	18
	
	0.554
	
	0.449
	0.489
	0.426
	0.461

	21
	6
	19
	
	0.602
	
	0.488
	0.531
	0.463
	0.501

	22
	6
	20
	
	0.650
	
	0.527
	0.574
	0.500
	0.542

	23
	6
	21
	
	0.702
	
	0.569
	0.620
	0.540
	0.585

	24
	6
	22
	
	0.754
	
	0.611
	0.665
	0.580
	0.628

	25
	6
	23
	
	0.803
	
	0.651
	0.708
	0.617
	0.669

	26
	6
	24
	
	0.853
	
	0.691
	0.752
	0.656
	0.710

	27
	6
	25
	
	0.889
	
	0.721
	0.784
	0.684
	0.741

	28
	6
	26
	
	1.032
	
	0.837
	0.911
	0.794
	0.860


3. MCS and TBS Solutions for NCT PDSCH
Since NCT is part of LTE, the same UE category definitions should be applied to NCT UEs. Therefore, the TBS signaling solutions for NCT shall not change existing UE category definitions given in TS 36.306 Table 4.1-1.
Proposal 1 MCS/TBS signaling solutions for NCT shall not impact UE category definitions.

Three possible solutions for NCT were discussed in [9]

 REF _Ref355008469 \r \h 
[10].

Option 1: Scaling TBS by a scaling factor

It’s observed that the code rate mismatch can be overcome if each of the TBS as signaled by the Rel-8 MCS and TBS tables is scaled by factor of around 1.25. 

This solution can address both problems identified in the above. This solution can be implemented with a “one to 1.25” mapping table of the TBS of size roughly 184x2. For spatial multiplexing cases, the UE shall first perform a “one to 1.25” translation the base TBS, followed by another “one to 2/3/4 layer” mapping in TS 36.213. However, it has been observed in [9]

 REF _Ref355008469 \r \h 
[10], more than one scaling factor is needed for different TBS rows to achieve better performance.

To avoid the double translation and multiple scaling factor issues, it may be necessary to introduce a new 27×110 TBS table populated with pre-calculate scaled TBSs. This approach has substantial impact to specification and UE storage requirements.
Option 2: Extending MCS and TBS tables

In this proposal, the size of the TBS table is expanded to 30×110 by adding three additional rows of larger transport block sizes. It is further proposed to modify the meaning of the last three MCS indices (29, 30 and 31) sent in the DCI, which was used in Rel-8 to change the modulation orders in retransmissions, to accommodate signaling for the new and larger TBS.
This solution solves the high rate problem identified in the above but leaves the lower code rate issues unaddressed. Furthermore, this proposal impacts the HARQ protocols.

Option 3: Defining a new TBS table for NCT

The proposal can address both problems identified in the above but requires substantially more specification work and impact. This solution also increases storage requirements on the UE.

In the following, we describe a variation to Option 1 & 2 to address the identified shortcomings.
Option 4: Defining a new MCS table and extending the TBS table
The NCT code rate mismatch problems can be solved in a way similar to that for the Rel-8 PUSCH. In the NCT PDSCH MCS table example shown in Table 2, the TBS indices are shifted higher. Three TBS indices (0, 20 and 24) are not used to create spaces for introducing larger transport block sizes to address the high rate problems. Unlike option 2, this design leaves the HARQ protocols with respect to last three MCS indices intact.
To avoid making double TBS translation as in option 1, it may be preferred to extend TBS table to size 30×110 to accommodate the new larger transport block sizes. To avoid increasing the maximum TBS and thus impacting the UE category definition, the new TBS can be defined as follows:
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[image: image1.wmf](

)

PRB

,

27

N

 entry of the extended TBS table is given by 
[image: image2.wmf]ë

û

(

)

(

)

64

/

69

,

110

min

,

25

PRB

N

×

 entry of the TBS table.

· The 
[image: image3.wmf](

)

PRB

,

28

N

 entry of the extended TBS table is given by 
[image: image4.wmf]ë

û

(

)

(

)

64

/

69

,

110

min

,

26

PRB

N

×

 entry of the TBS table.

· The 
[image: image5.wmf](

)

PRB

,

29

N

 entry of the extended TBS table is given by 
[image: image6.wmf]ë

û

(

)

(

)

64

/

74

,

110

min

,

26

PRB

N

×

 entry of the TBS table.

The specific scaling factors chosen in the above take into account the coding rates for subframes with or without ESS, the MIMO configurations and the typical control channel overheads.
In Table 3 and Table 4, we calculate the NCT peak rates with different levels of control channel overheads based MCS/TBS solution option 4. We observe that the NCT can achieve substantially better spectral efficiency with simple MCS/TBS solutions.

Proposal 2 Simple MCS/TBS signaling solutions are considered for NCT to enhanced spectral efficiency.

Table 2 NCT coding rates with an NCT PDSCH MCS table example

	NCT MCS Table
	
	NCT

	MCS
Index
	Mod
Order
	TBS
Index
	
	ESS subframe
	non-ESS subframe

	
	
	
	
	12DMRS
	24DMRS
	12DMRS
	24DMRS

	0
	2
	1
	
	0.124
	0.135
	0.118
	0.128

	1
	2
	2
	
	0.153
	0.166
	0.145
	0.157

	2
	2
	3
	
	0.199
	0.216
	0.189
	0.204

	3
	2
	4
	
	0.244
	0.265
	0.231
	0.251

	4
	2
	5
	
	0.300
	0.327
	0.285
	0.308

	5
	2
	6
	
	0.356
	0.387
	0.337
	0.365

	6
	2
	7
	
	0.416
	0.453
	0.395
	0.428

	7
	2
	8
	
	0.477
	0.519
	0.452
	0.490

	8
	2
	9
	
	0.538
	0.585
	0.510
	0.553

	9
	2
	10
	
	0.599
	0.651
	0.568
	0.615

	10
	2
	11
	
	0.687
	0.748
	0.652
	0.706

	11
	4
	11
	
	0.344
	0.374
	0.326
	0.353

	12
	4
	12
	
	0.388
	0.422
	0.368
	0.399

	13
	4
	13
	
	0.438
	0.477
	0.415
	0.450

	14
	4
	14
	
	0.488
	0.531
	0.463
	0.501

	15
	4
	15
	
	0.521
	0.567
	0.494
	0.535

	16
	4
	16
	
	0.553
	0.602
	0.525
	0.569

	17
	4
	17
	
	0.614
	0.668
	0.583
	0.631

	18
	4
	18
	
	0.673
	0.733
	0.639
	0.692

	19
	6
	18
	
	0.449
	0.489
	0.426
	0.461

	20
	6
	19
	
	0.488
	0.531
	0.463
	0.501

	21
	6
	21
	
	0.569
	0.620
	0.540
	0.585

	22
	6
	22
	
	0.611
	0.665
	0.580
	0.628

	23
	6
	23
	
	0.651
	0.708
	0.617
	0.669

	24
	6
	25
	
	0.721
	0.784
	0.684
	0.741

	25
	6
	27
	
	0.777
	0.845
	0.737
	0.798

	26
	6
	26
	
	0.837
	0.911
	0.794
	0.860

	27
	6
	28
	
	0.902
	0.982
	0.856
	0.927

	28
	6
	29
	
	0.967
	1.053
	0.918
	0.994


Table 3 Maximum NCT PDSCH allocation size [RB] with different levels of control channel overheads
	Target EPDCCH overhead
	System Bandwidth [RB]
	Average actual overhead

	
	6
	15
	25
	50
	75
	100
	

	7%
	5
	14
	22
	45
	68
	92
	10%

	14%
	5
	12
	22
	42
	64
	84
	16%

	21%
	5
	12
	20
	39
	60
	80
	20%


Table 4 NCT and LCT* peak rates [Mbps] with different levels of control channel overheads
	MIMO configuration
	Target CCH overhead†
	Transmission mode
	System bandwidth [RB]

	
	
	
	6
	15
	25
	50
	75
	100

	2×2
	7%
	NCT
	7.5
	23.4
	36.1
	74.7
	113.8
	150.8

	
	
	LCT TM4
	-
	22.1
	36.7
	73.4
	110.1
	150.8

	
	
	LCT TM10
	-
	19.1
	31.7
	63.4
	93.8
	127.6

	
	
	LCT MBSFN TM10
	-
	19.1
	31.7
	63.4
	93.8
	127.6

	
	14%
	NCT
	7.5
	19.1
	36.1
	69.4
	108.5
	140.4

	
	
	LCT TM4
	8.8
	19.1
	31.7
	63.4
	93.8
	127.6

	
	
	LCT TM10
	7.5
	19.1
	31.7
	63.4
	93.8
	127.6

	
	
	LCT MBSFN TM10
	8.3
	19.1
	31.7
	63.4
	93.8
	127.6

	
	21%
	NCT
	7.5
	19.1
	33.3
	64.8
	100.4
	135.6

	
	
	LCT TM4
	7.5
	19.1
	31.7
	63.4
	93.8
	127.6

	
	
	LCT TM10
	7.0
	17.0
	28.2
	56.7
	87.6
	114.7

	
	
	LCT MBSFN TM10
	6.5
	17.3
	28.2
	62.1
	87.6
	117.0

	4×4
	7%
	NCT
	15.0
	43.7
	69.4
	140.4
	203.7
	290.1

	
	
	LCT TM10
	-
	38.2
	63.4
	127.6
	187.6
	257.0

	
	
	LCT MBSFN TM10
	-
	38.2
	63.4
	127.6
	187.6
	257.0

	
	14%
	NCT
	15.0
	36.4
	69.4
	131.2
	200.5
	262.9

	
	
	LCT TM10
	13.9
	34.0
	56.7
	114.7
	175.9
	230.1

	
	
	LCT MBSFN TM10
	14.6
	36.5
	60.7
	122.4
	182.9
	246.2

	
	21%
	NCT
	15.0
	36.4
	62.4
	121.6
	185.3
	239.6

	
	
	LCT TM10
	12.0
	30.5
	50.9
	102.0
	152.4
	203.7

	
	
	LCT MBSFN TM10
	12.2
	33.3
	54.4
	109.6
	166.5
	225.3

	8×8
	7%
	NCT
	30.3
	86.3
	135.6
	280.9
	407.4
	580.1

	
	
	LCT TM10
	-
	75.8
	127.6
	257.0
	375.4
	508.7

	
	
	LCT MBSFN TM10
	-
	75.8
	127.6
	257.0
	375.4
	508.7

	
	14%
	NCT
	30.3
	74.7
	135.6
	262.9
	401.0
	524.6

	
	
	LCT TM10
	27.1
	68.0
	114.7
	230.1
	351.2
	460.2

	
	
	LCT MBSFN TM10
	29.1
	72.7
	122.4
	246.2
	365.7
	489.3

	
	21%
	NCT
	30.3
	74.7
	125.7
	245.2
	370.6
	501.4

	
	
	LCT TM10
	24.4
	61.2
	102.0
	203.7
	302.8
	407.4

	
	
	LCT MBSFN TM10
	24.9
	66.7
	106.9
	219.5
	331.8
	446.4


* 2 CRS ports assumed for LCT.    † EPDCCH per Table 3 assumed for NCT and PDCCH assumed for LCT except 2OS PDCCH + 7% target EPDCCH per Table 3 assumed for LCT MBSFN subframes with 21% target CCH overhead.
4. Conclusion

In this contribution, we consider MCS and TBS signaling design for NCT. 
Proposal 1 MCS/TBS signaling solutions for NCT shall not impact UE category definitions.

Proposal 2 Simple MCS/TBS signaling solutions are considered for NCT to enhance spectral efficiency.
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