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1 Introduction
In RAN 1 #73, updated WID for Rel-14 NB-IoT was agreed, where 2 HARQ processes and larger maximum TBS are supported. 

Power consumption and latency reduction

· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].
In this paper, the support of larger max TBS is discussed. 
2 Discussion on large max TBS
With larger TBS and 2 HARQ processes, a new NB-IoT UE category needs to be defined. There is no need to separate two features since the aim of larger max TBS and 2 HARQ processes is the same. That is power consumption, and latency reduction, as well as improve bitrate. 

Proposal #1: Introduced a new NB-IoT UE category with larger max TBS and 2 HARQ processes. 

There are several methods to extend TBS table to support a larger TBS. 
Alt 1: 1 more bit in DCI to indicate resource assignment.  

Referring to Table 1, with 1 more bit, 4 bit can indicate up to 16 PRBs with a max TBS for DL as 1128 bit with similar code rate as Rel-13 NB-IoT, i.e., ITBS =4. However 1 more bit will sacrifice NPDCCH performance. The benefit is provide small granularity of TBS and more MCS possibility for a given TBS. As we discussed in Rel-13, considering no CSI feedback, the gain from smaller granularity of MCS is limited. 
Alt 2: Keep 3 bit for resource assignment. 
This scheme has a better the NPDCCH performance, especially in extreme coverage case. There are two methods:
Alt 2a: Reuse the same TBS table with filling entries with larger number in blanks. 
Referring to Table 2 and Table 3, more entices are added back to the TBS table. The mapping of ISF and NSF is the same as Rel-13. Support up to 1128 bits for DL with the existing TBS table provide a code rate of 1/2 for in band mode and 1/3 for guard band and standalone mode. For good coverage UE, this code rate could be acceptable. In addition, this method is the simplest way for UE implementation, and follow the current LTE TBS table design principle. 
Alt 2b: Define a new ISF and NSF mapping table. 
Referring to Table 1, the entries of 1, 2, 3, 4, 6, 8, 9, 10 and [16] is used for new NB-IoT category. This results in a new TBS table and a new ISF and NSF mapping table. In addition, it sacrifices some granularity of small TB size or MCS options of small TB size, i.e., the row of 5 PRB. The code rate depends on which row is selected as the last row. For example the row of 16 PRB can provide similar code rate as Rel-13 NB-IoT, 1/3 for in band and <1/4 for standalone and guard band mode. Similar as Alt 1, UE needs to support two TBS table and two ISF and NSF mapping table since CSS may share same DCI with legacy UE. 

Based on the above analysis, we propose that:
Proposal: #1: Keep the same DCI size for TBS. 
Proposal: #2: Reuse Rel-13 NB-IoT TBS table with more entries for larger TBS. 

Considering the support of 2 HARQ processes and TBCC, there is no need to support too large TBS. A large package can be segmented into two block and transmitted by 2 HARQ processes. In addition, the peak data rate does not always increased with larger TBS. It is also depends on NPDCCH search space and limited values of scheduling delay. Figure 1 shows an example of data rate with larger TBS with 2 HARQ processes. 1128 bits can just fill in 32ms, which gives a data rate of 70.5kbps. 

Proposal #3: The max TBS for DL is 1128 bits. 
Proposal #4: Add entries highlighted by green in Table 2 to TBS table for NPDSCH. 
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Figure 1 An example of two HARQ processes with larger TBS for DL

Similar as DL, larger TBS with 2 HARQ processes can improve peak data rate. Figure 2 shows an example of data rate with larger TBS with 2 HARQ processes. Two transport blocks with 1352 bits can just fill in 24ms, which gives a data rate of 112.67kbps. Proposed TBS table for UL (Table 3), the lowest code rate for multiple tone for 1352bit is about 1/2 and 3/4 for single tone. Considering single tone only works in poor coverage, the higher data rate is not a target.  Larger TB can be segmented into two blocks. 
Proposal #5: The max TBS for UL is 1352 bits. 
Proposal #6: Add entries highlighted by green in Table 3 to TBS table for NPUSCH. 
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Figure 2 An example of two HARQ processes with large TBS for UL

Table 1 example of TBS table for NPDSCH
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256
	288
	328
	344
	376
	392
	424

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344
	376
	424
	456
	488
	520
	568

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424
	472
	520
	568
	616
	648
	696

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568
	616
	680
	744
	808
	872
	904

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696
	776
	840
	904
	1000
	1064
	1128

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872
	968
	1032
	1128
	1224
	1320
	1384

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032 1128
	1128
	1224
	1352
	1480
	1544
	1672

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224
	1320
	1480
	1608
	1672
	1800
	1928

	8
	120
	256
	392
	536
	680
	808
	968
	10961128
	1256
	1384
	1544
	1672
	1800
	1928
	2088
	2216

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544
	1736
	1864
	2024
	2216
	2344
	2536

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736
	1928
	2088
	2280
	2472
	2664
	2792

	11
	176
	376
	584
	776
	1000
	1192 1128
	1384
	1608
	1800
	2024
	2216
	2408
	2600
	2792
	2984
	3240

	12
	208
	440
	680
	9041128
	1128
	1352
	1608
	1800
	2024
	2280
	2472
	2728
	2984
	3240
	3368
	3624


Table 2 Proposed of TBS table for NPDSCH
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696 680

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032 1128

	7
	104
	224
	328
	472
	584
	712 680
	840
	968
	1096
	1224 

	8
	120
	256
	392
	536
	680
	808
	968
	10961128
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256 
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192 1128
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536


Table 3 Proposed of TBS table for NPUSCH
	
	1
	2
	3
	4
	5
	6
	8
	10

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	696

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	328 88
	176
	256
	392
	504
	600
	808
	10321000

	7
	104
	224
	328
	472
	584
	712
	968 1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096
	13841352

	9
	136
	296
	456
	616
	776
	936
	1256
	1544

	10
	144
	328
	504
	680
	872
	10321000
	13841352
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1608
	2024

	12
	208
	440
	680
	9041000
	1128
	1352
	1800
	2280


3 Conclusion

In this paper, the support of large max TBS is discussed. We proposed:

Proposal: #1: Keep the same DCI size for TBS. 
Proposal: #2: Reuse Rel-13 NB-IoT TBS table with more entries for larger TBS. 

Proposal #3: The max TBS for DL is 1128 bits. 
Proposal #4: Add entries highlighted by green in Table 2 to TBS table for NPDSCH. 
Proposal #5: The max TBS for UL is 1352 bits. 
Proposal #6: Add entries highlighted by green in Table 3 to TBS table for NPUSCH. 
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