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1 Introduction
In RAN #73 meeting, revised work item proposal: Enhancements of NB-IoT was agreed [1]. One objection of this WI is power consumption and latency reduction.
· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].

In this contribution, we discuss the support of 2 HARQ processes and larger maximum TBS.
2 Discussion on 2 HARQ processes and larger maximum TBS
In Rel-13 NB-IoT, only one HARQ process is supported in DL/UL. For DL HARQ, the gap between end of NPDCCH and the start of the associated NPDSCH equals kdelay valid DL subframes + 4ms, then the minimum gap is 4 ms. The minimum gap between NPDSCH and corresponding HARQ-ACK is 12 ms. If Rmax < 128,  value set of kdelay is {0,4,8,12,16,32,64,128}. As shown in Figure 1, based on the assumption of Rmax = 2, G = 4 and kdelay = 0, at least 25 ms is required for a DL HARQ process.



Figure 1 DL HARQ timing
For UL HARQ, the start of NPUSCH transmission is >=8 ms later than the end of its associated NPDCCH transmission. As shown in Figure 2, if end of NPDCCH is in suframe #0 of frame #0, the start of NPUSCH is in subframe #9 of frame #1.
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Figure 2 UL HARQ timing
According to Figure 1 and Figure 2, the 2nd data transmission can start only when the 1st transmission has finished. If HARQ process number is increased, multiple transport blocks can be transmitted in a transmission cycle. The transmission delay and the power consumption of the NB-IoT UE can be reduced. The data rate can be increased. However, increase of HARQ process number may have impacts on UE cost/complexity and specifications.
· Impact on UE Cost/complexity 
If HARQ process number is increased to 2 for no repetition case, as shown in Figure 3, NPDSCH #0 with  kdelay = 0 and NPDSCH #1 with kdelay = 4 are scheduled to different locations by two NPDCCHs in the same subframe. To support 2 HARQ processes, even the scheduling gap between the two NPDSCHs is sufficient for decoding of the first NPDSCH, the transport block in the first NPDSCH needs to be saved in the buffer if decoding error occurs.  The required soft buffer size and the UE complexity would be slightly increased. 

[image: image3.emf]4 5 2 3 0 1 0 1 8 9 6 7 6 7 4 5 2 3 8 9

Frame0 Frame1

DL

NPDSCH 

NPUSCH foramt 2

0 1 6 7 4 5 2 3 8 9

Frame1

search space

UL

NPDSCH  NPDCCH

NPDCCH


Figure 3 Timing for 2 HARQ processes
· Impact on specification
To support 2 HARQ processes, HARQ process index should be indicated in DCI. The scheduling gap between the two NPDSCHs has impacts on latency and UE complexity. Smaller scheduling gap between the two NPDSCHs is beneficial for latency reduction. On the contrary, larger scheduling gap between the two NPDSCHs is beneficial for UE complexity reduction. The scheduling gap of the two NPDSCHs can be determined by the scheduling delay (kdelay) defined in Rel-13 NB-IoT. Besides existing value set of scheduling delay, further study is needed on whether to introduce new scheduling delay.
Proposal 1: The scheduling delay of NPDSCH/NPUSCH for the two HARQ processes can reuse scheduling delay defined in Rel-13 NB-IoT. 

· Further study is needed on whether to introduce new scheduling delay.
To support 2 HARQ processes, existing NPDCCH search space can be reused. 
For 2 HARQ processes, HARQ-ACK bits for two NPDSCHs in one transmission cycle can be bundled together. HARQ-ACK bundling can reduce the U/D switch time, then the transmission latency and the UE power consumption would be reduced. Furthermore, HARQ-ACK bundling may be necessary for the case shown in Figure 4 where the 2nd NPDSCH transmission collides with HARQ-ACK transmission of the 1st NPDSCH. To support HARQ-ACK bundling, the specific bundling pattern and solutions for DTX issue should be considered.  


Figure 4 DL/UL collision case for 2 HARQ processes
Observation 1: HARQ-bundling is beneficial for power consumption and latency reduction for two HARQ processes.
Proposal 2: HARQ-ACK bundling can be considered for two NPDSCHs of the corresponding two HARQ processes.
Besides HARQ process number, increasing the maximum TBS is also an effective solution for power consumption and latency reduction. Maximum DL TBS is 680 bits and maximum UL TBS is 1000 bits in Rel-13 NB-IoT. 
To reduce power consumption and latency, larger TBS can be considered for both downlink and uplink. Based on the existing entries of TBS table for Rel-13 NB-IoT, TBS larger than 680/1000 bits can be added into the empty table cells as shown in Table 1 and Table 2. Values of larger TBS in blanket are chosen from legacy LTE TBS table according to the same entry. Based on the HARQ timing as shown in Figure 1 and Figure 3, if the maximum TBS is increased to 1200 bits, the DL data rate would be 48 kbps for single HARQ process while the DL data rate would be 75 kbps for two HARQ processes. If the maximum TBS is increased to 1600 bits, the DL data rate would be about 100 kbps for two HARQ processes. For certain transport blocks, higher data rate is beneficial for power consumption and latency reduction.

Table 1 Transport block size (TBS) table for NPDSCH
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	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]
	[1032]

	7
	104
	224
	328
	472
	584
	680
	[968]
	[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]
	[1032]
	[1384]
	[1736]

	11
	176
	376
	584
	[776]
	[1000]
	[1192]
	[1608]
	[2024]

	12
	208
	440
	680
	[904]
	[1128]
	[1352]
	[1800]
	[2280]


Table 2 Transport block size (TBS) table for NPUSCH.
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	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]


Proposal 3: Larger TBS can be added into existing TBS table of NPDSCH/NPUSCH for Rel-13 NB-IoT.

· By reusing existing entries of TBS table for Rel-13 NB-IoT, larger TBS is added into the empty table cells.

· Larger TBS is chosen from legacy LTE TBS table according to the same entry.
3 Conclusions
In this contribution, we have discussed the solutions to support for 2 HARQ processes and larger maximum TBS. We make the following observations and proposals:
Observation 1: HARQ-bundling is beneficial for power consumption and latency reduction for two HARQ processes.
Proposal 1: The scheduling delay of NPDSCH/NPUSCH for the two HARQ processes can reuse scheduling delay defined in Rel-13 NB-IoT. 

· Further study is needed on whether to introduce new scheduling delay.
Proposal 2: HARQ-ACK bundling can be considered for two NPDSCHs of the corresponding two HARQ processes.
Proposal 3: Larger TBS can be added into existing TBS table of NPDSCH/NPUSCH for Rel-13 NB-IoT.

· By reusing existing entries of TBS table for Rel-13 NB-IoT, larger TBS is added into the empty table cells.

· Larger TBS is chosen from legacy LTE TBS table according to the same entry.
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