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[bookmark: _Ref409106980][bookmark: _GoBack]Introduction
[bookmark: _Ref465843822]One of the objectives of the Release 14 NB-IoT enhancements work item is to reduce power consumption and latency. At RAN1#87 it was agreed to introduce two HARQ processes to facilitate this reduction:
· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits
· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 
· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 
· The gap between NPUSCH to any DL reception is ≥ 1ms. 
· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes
· HARQ process ID is indicated DL grant DCI with one bit
· Monitored only in USS
· FFS TBS table details.
· Soft buffer size is FFS until next RAN1#88
· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

This contribution takes the above agreement into account and outlines the needed updates to the DCI format N0 used forthe NPUSCH to cater for two HARQ process IDs. 
Background
In Release 13 the DCI format N0 sent on the NPDCCH is used for the scheduling of NPUSCH. Table 1 summarizes the DCI format N0 content.
[bookmark: _Ref465773562][bookmark: _Ref465843265]Table 1 DCI format N0 for scheduling of the NPUSCH F1.
	IE
	Size [bits]

	Flag for format N0/format N1 differentiation
	1

	
Subcarrier indication ()
	6

	NPUSCH F1 Scheduling delay
	2

	
Resource assignment ()
	3

	Modulation and coding scheme ([image: ])
	4

	
Redundancy version ()
	1

	Repetition number
	3

	New data indicator
	1

	DCI subframe repetition number
	2

	Total:
	23



New TBS table
In [2] the below TBS table was agreed for a single HARQ process. It supports a reuse of the Release 13 DCI Format N0, since the ITBS spans a range of 14 values which is covered by the existing 4 bit Modulation and coding scheme ([image: ]) parameter.
Table 2 Agreed TBS for a single HARQ process [2].
	ITBS
	IRU

	
	0
	1
	2
	3
	4
	5
	6
	7

	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
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096
	1384

	9
	136
	296
	456
	616
	776
	936
	1256
	1544

	10
	144
	328
	504
	680
	872
	1000
	1384
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1608
	2024 

	12
	208
	440
	680
	1000
	1128
	1352
	1800
	2280

	13
	224
	488
	744
	1128
	1256
	1544
	2024
	2536




For simplicity it is proposed that the same TBS table is supported for two HARQ processes. The max UL TBS for two HARQ will then equal 2536 bits.
Proposal1: RAN1 agrees to specify the above TBS table for 2 HARQ processes, including a max UL TBS of 2536 bits.
Modification of DCI Format N0 to support two UL HARQ processes
[bookmark: _Ref472506977]At RAN1#87 it was agreed to maintain the Release 13 timings, and to introduce a single HARQ ID into the DCI. It is proposed to expand the DCI Format with a single bit as proposed in table 3. Although the benefit of two HARQ processes mainly is expected to apply for users in normal coverage, it is beneficial to support the full range of Release 13 functionality to facilitate long connections where a UE may experience changing radio conditions. 
Table 3 DCI format NY for scheduling of the NPUSCH.
	IE
	Size [bits]

	Flag for format N0/format N1 differentiation
	1

	
Subcarrier indication ()
	6

	NPUSCH F1 Scheduling delay
	2

	
Resource assignment  ()
	3

	Modulation and coding scheme ([image: ])
	4

	
Redundancy version ()
	1

	Repetition number
	3

	New data indicator
	1

	DCI subframe repetition number
	2

	HARQ process ID
	1

	Total:
	24



Proposal2: RAN1 agrees to expand the DCI format to 24 bits to cater for the HARQ process ID.
To distinguish between the Release 13 and 14 DCI formats it is furthermore proposed to use dedicated RRC signalling during connection setup to configure a UE to use the new DCI format. This will eliminate the need for the UE to blindly detect the used DCI format. 
Proposal3: RAN1 agrees that the used DCI format should be signalled to a UE during connection setup. 
Summary
In this contribution we have made a set of proposals to support the introduction of two UL HARQ processes in Release 14:
Proposal1: RAN1 agrees to specify the above TBS table for 2 HARQ processes, including a max DL TBS of 2536 bits.
Proposal2: RAN1 agrees to expand the DCI format to 24 bits to cater for the HARQ process ID.
Proposal3: RAN1 agrees that the used DCI format should be signalled to a UE during connection setup. 
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