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[bookmark: _Ref409106980]Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to reduce power consumption and latency. This can e.g. be achieved by supporting two HARQ processes, and/or increasing the maximum transport block size (TBS) of NPDSCH and NPUSCH [1].
In this contribution, we discuss the benefits of introducing two HARQ processes in terms of increase in average UL peak throughput. We will analyze the benefits of the two proposals discussed during RAN1#86bis [2][3] and compare them with a third proposal where the TBS is increased for a single HARQ process. It will be shown that increasing the NPUSCH TBS for a single HARQ process is an attractive alternative that keeps the impact on the NB-IoT system design to an absolute minimum.
Background
NB-IoT is a system for massive MTC communication. It is intended to compete in the Low Power Wide Area Network market segment where low, or even ultra-low, system design is crucial. As a consequence of this,  NB-IoT was in Release 13 designed to support a single HARQ process, with a maximum NPUSCH TBS of 1000 bits.
Furthermore, to facilitate low complexity device implementations a set of NPDCCH, NPDSCH and NPUSCH scheduling constraints were specified. Table 1 and Figure 1 summarizes and illustrates these constraints.
[bookmark: _Ref465427085]Table 1 Parameters associated with a NB-IoT DL data connection, including parameters for configuration of the NPDCCH UE specific search space and DCI Format N0 under the assumption that all subframes are NB-IoT subframes.
	Parameter
	Range
	Comment

	G
	1.5, 2, 4, 8, 16, 32, 48 
	NPDCCH UE specific search space parameter npdcch-StartSF-USS

	Rmax
	1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 rep
	NPDCCH UE specific search space parameter npdcch-NumRepetitions

	

	-
	Gives the locations of the NPDCCH potential starting positions 

	T = Rmax∙G
	8,..., 98304 ms
	Search space periodicity. The scheduling gap between last SF of NPDCCH n and first SF of NPDCCH n+1 limits the range to start from 8.

	-
	4 ms
	Minimum gap between last SF of last NPDCCH candidate in USS n and first SF of first NPDCCH candidate in USS n+1.

	-
	8, 16, 32, 64 ms
	Scheduling gap between last NPDCCH SF and first NPUSCH F1 SF.

	-
	3 ms
	Minimum scheduling gap between last NPUSCH F1 SF and first NPDCCH SF
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[bookmark: _Ref465427220]Figure 1 NPDSCH scheduling cycle illustrating the Rel-13 constraints summarized in Table 1.
Larger TBS and two HARQ processes
At RAN1#86bis discussions started on the expansion of the TBS tables, and on the introduction of two HARQ processes. Consensus was also achieved to update the NPUSCH MCS table according to Table 2.

[bookmark: _Ref465427602]Table 2 NPUSCH F1 TBS table agreed after RAN1#86bis, with new values highlighted [4].
	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
	1800

	11
	176
	376
	584
	776
	1000
	1192
	1608
	 

	12
	208
	440
	680
	1000
	1128
	1352
	1800
	 



No agreement was however reached on the introduction of two HARQ processes. Two proposals with different scheduling constraints were debated. On a high level the first proposal presented in R1-1610994 [3] proposed to maintain the gaps between adjacent NPDCCH, NPDSCH and NPUSCH blocks and introduce a 3 ms gap between consecutive NPUSCH blocks. 
The second proposal in R1-1611019 [4] proposed to fully reuse the Release 13 scheduling constraints, implying that it would be up to the eNB scheduler to avoid conflicts between NPDCCH, NPDSCH and NPUSCH blocks from the two HARQ processes.
The positive impact on NB-IoT throughput from these two proposals are presented in below Figure 2 where the average peak throughputs for the set of TBS {208, 440, 680, 776, 1000, 1128, 1192, 1352, 1384, 1608, 1800} bits are depicted under the assumptions:
· Throughput is only limited by the scheduling delays.
· It is assumed that the NPUSCH is scheduled on a non-anchor carrier, implying that no postponing of NPDCH/NPDSCH transmission due to collisions with NPSS, NSSS or NPBCH will take place.
· For both proposals:
· G = 4 and Rmax = 2 to achieve T = 8.
· Aggregative level 1 was used to always simultaneously transmit the two DCIs scheduling the NPUSCHs.
· Collisions with paging messages are discarded.
· For the R1-1610994 proposal:
· A 3 ms scheduling gap is added between consecutive NPUSCH blocks.
· For the R1-1611019 proposal:
· The 8 ms scheduling delay between the last NPDCCH SF and first NPUSCH SF is kept. 
· The two NPUSCH blocks are scheduled adjacent without any gap.

For the chosen scheduling strategy (to always transmit the two DCIs jointly) Figure 2 indicates that the R1-1611019 proposal to fully maintain the Rel-13 timings for some TBSs has a limited benefit over the R1-1610994 proposal to maintain the Rel-13 scheduling gaps (with slight modifications). For both solutions a peak throughput of ~112.5 kbps is achieved for a TBS of 1800 bits. The R1-1611019 proposal is simpler for the eNB implementation since the impact on Rel-13 is small. It does however put high requirements on the device, since a device e.g. no longer can expect gaps between a PDCCH and a PUSCH as well as between consecutive PUSCHs. The R1-1610994 proposal to maintain the Rel-13 gaps does on the other hand have the significant benefit of securing that the Rel-13 NB-IoT device complexity is maintained in Rel-14. 
A third proposal is also depicted in Figure 2, where a single HARQ process is used with the set of NPDSCH TBS presented in Table 2 extended to support also the TBS set {2024, 2280, 2536, 2856} bits transmitted over 8 or 10 subframes. This proposal is based on the TBS table presented beneath the figure where two new TBS indexes 13 and 14 are added based on the LTE TBS specification. It is clear from Figure 2 that this alternative offers slightly improved performance (~120 kbps) compared to the proposal to introduce two HARQ processes. For ITBS = 14 the code rate do however reach one which is unwanted. So one alternative is to slightly lower the TBSs for ITBS = 14 to achieve e.g. a code rate of 0.93 which matches the maximum LTE code rate. A second alternative, preferred by us, is to limit the TB table to support ITBS ≤ 13 in Release 14 to maximize the synergies between LTE and NB-IoT.
Since the existing TBS table needs to be expanded with this proposal the Release 13 DCI format N0s definition needs to be slightly redefined. But since DCI format N0 signals the Modulation and coding scheme using 4 bits making 16 TBS indexes available of which only 13 is consumed in Release 13 it is straightforward to use one of the spare code points to signal the use of ITBS index 13 proposed in Table 3.
The introduction of two HARQ processes requires on the other hand a redesign of the DCI formats. Two HARQ processes also impacts upper layer HARQ and DRX timers as elaborated upon in [5], which this new proposal does not. 
Based on these observations it is proposed that RAN1 do not specify two HARQ processes for NB-IoT Rel-14 but instead further increases the NPUSCH TBS to 2536 bits in accordance to below Table 3. It should be noticed that Table 3 not only add new values but also proposes a modification of an already agreed value, as it changes the 1800 bits for IRU,ITBS = (7,10) to 1736 bits which is aligned with the legacy LTE specification.
Proposal: That RAN1 agrees to not specify two HARQ processes for Release 14 and instead further increases the NPUSCH TBS to 2536 bits in accordance with ITBS = 13 Table 3.
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[bookmark: _Ref465428217]Figure 2 Impact on NPUSCH throughput from the introduction of two HARQ processes or an increase in NPUSCH TBS.
[bookmark: _Ref465430039]Table 3 NPDSCH TBS table with ITBS ≤ 13 proposed as an alternative to 2 HARQ processes. ITBS = 14 leads to too high code rate for NB-IoT as shown below. The new entries are aligned with the LTE TBS table specified in TS 36.213.
	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

	14
	256
	552
	840
	1224
	1416
	1736
	2280
	2856




Conclusion
In this contribution we analyse two alternatives for improving NB-IoT Release 14 throughout by the introduction of two HARQ processes. We also present a third proposal where a single HARQ process is used with the NPDSCH TBS extended to support up to 2856 bits transmitted over 10 subframes. 
The analysis shows that this alternative offers similar performance as the introduction of two HARQ processes, For RAN2 this proposal eliminates all impacts on upper layer HARQ and DRX timers. By reusing the LTE TBS table entries the impact on the eNB will become negligible.
Based on these observations the following proposal was made:
Proposal: That RAN1 agrees to not specify two HARQ processes for Release 14 and instead further increases the NPUSCH TBS to 2536 bits for ITBS ≤ 13 as exemplified in Table 3.
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