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Abstract of the contribution: This contribution proposes to introduce 16QAM in both UL and DL for NB-IoT in Rel-16.
Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1]. In RAN#82, the scope of the WID was extended to include Connection to 5GC in alignment with the corresponding work in SA2 [2]. In RAN#83, a further WID extension was approved to include  support for quality reporting in connected mode for anchor and non-anchor carriers [3]. 
This contribution aims to discuss the benefits of  higher order modulation 16QAM for IoT application typcially requiring higher data rates and propose a further WID extension to support include support of 16QAM in NB-IoT.
[bookmark: _Ref481671177]	
Discussion
NB-IoT is in many markets replacing GSM/EDGE for IoT usage. Requirements are diverse and while NB-IoT meet some part of requirements well (e.g. for stationary meters), others need enhancement, in particular: 
· Tracker application reporting at high rate, e.g. once/s, once/2s.
· File download
· Media applications, e.g. kids toy with audio, smart home VAD (Voice Assistant Device) 
In [4], the theoretical peak data rate for Rel-14 2 HARQ with TBS 2536 bits is provided. For non-anchor carrier in standalone mode, the DL and UL peak data rate is summarized in Table 1. 
	R14 stand alone, non-anchor carrier
	DL
	UL

	Peak data rate
	126.8 kbps
	158.5 kbps


· Table 1: R14 peak data rate for non-anchor carrier in standalone mode
NB-IoT often provides worse real time characteristics than GSM/EDGE. For interactive embedded UEs this is problematic, for example, sales or payment terminal (a high volume application). Examples of IoT application that demands higher data rates than currently possible with NB-IoT are given in Table 2.
Observation 1: The data rates achievable with NB-IoT are too restricted for some applications that would otherwise benefit from NB-IoT.
	Applications 
	Description
	Data Rate Requirement 

	FOTA 
	Software upgrade 
	250 kbps~300 kbps

	Health/fitness
	Heartbeat monitoring
	192 kbps~256 kbps

	Smart home VAD 
(Voice Assistant Device) 
	Voice command for remote control 
	200 kbps


Table 2: IoT application that demand higher NB-IoT data rate
Furthermore compared to GSM/EDGE, NB-IoT provides worse spectrum efficiency and worse latency performance. If traffic load experienced on a carrier is high, there is sparse resource available for transmitting packet from/to cell edge UEs with required reliability. Examples of IoT application that demand lower NB-IoT latency are given in Table 3. By increasing the data rates of UEs in normal coverage that are nearer to the eNB allows to use more resources for UEs nearer to the cell edge, which results in better latency overall.  
Observation 2: The latency achievable with NB-IoT is too large for some applications that would otherwise benefit from NB-IoT.
Observation 3: Higher data rates in NB-IoT can enable lowering the latency hence make NB-IoT viable for a greater number of applications.

	Applications 
	Latency Requirement 

	POS (point of sale) Machine 
	500 ms ~ few sec

	Smart Grid Demand Response
	500 ms

	Smart Door (lock/unlock)
	600 ms


Table 3: IoT application that demand lower NB-IoT latency

Use cases for low-end embedded UEs (IoT UEs) are very diverse; the typical amount of data in a transmission varies from application to application. Higher order modulation would be less resource consuming for UEs in good/normal coverage. For Cells where deep coverage is not needed, the spectral efficiency should be at least as good as with EDGE. Figure 1 shows the CDF DL geometry for mMTC in IMT2020 evaluation, where the assumed bandwidth is 180 kHz [5]. Based on typical NB-IoT DL demodulator performance, it is expected that 16QAM can be used at SINR in the region of 7 dB or higher. It seems reasonable to expect that up to 30%-40% UEs could be scheduled with 16QAM with ISD=500 m. Similar observations can be made for UL.
  
Figure 1: Coupling gain and DL geometry of Urban Macro - mMTC test environment
Observation 4: Higher data rates in NB-IoT through higher order modulation 16QAM allows a higher spectrum efficiency hence better radio resource usage. 
Support of 16QAM in NB-IoT will require the introduction of a new UE category Cat NB3. It is important to note that, for obvious reasons, the carrier bandwidth is NOT proposed to be changed i.e. it shall remain 200kHz. The expected impact to introduce support of 16QAM for NB-IoT on the specifications is expected to be minor i.e. extension of TBS tables for NPDSCH and NPUSCH in the specifications will be needed [6, 7]. 
Observation 5: The expected impact to introduce support of 16QAM for NB-IoT on the specifications is expected to be minor i.e. extension of TBS tables for NPDSCH, NPUSCH and introduction of a new UE Category Cat NB3.
NB-IoT can be provided as a standalone solution or as part of multi-mode implementation. For the latter, hardware sharing allows to expand the capabilities of NB-IoT at virtually no added complexity cost. For the former, the additional hardware complexity to support 16QAM is deemed to have a minor effect on the overall cost of a NB-IoT UE. 
Observation 6: The additional hardware complexity to support 16QAM is expected to have only a minor effect on the overall cost of a NB-IoT UE. 
Observation 7: As for earlier releases, economies of scale will be a primary contributor to keeping the overall cost very low with Cat NB3. 
Making NB-IoT viable for a greater number of applications, especially very common IoT applications using GSM/EDGE today as shown above, will result in a greater market and unprecedented economies of scale for this technology. This will not only allow keeping the costs very low as originally intended, it will also allow operators to truly migrate their solution towards a single core network i.e. EPC (and, eventually 5GC).
Observation 8: 16QAM is a true low-hanging fruit that can transform NB-IoT and its addressable market whilst retaining its key low-cost attribute.
Since the impact on the specifications is expected to be small, it is preferred to introduce 16QAM in NB-IoT in Release 16 to meet market demand.
Proposal 1: Revise the Release 16 NB-IoT WID to specify support for higher order modulation 16QAM for PDSCH and PUSCH.
Conclusion
Observation 1: The data rates achievable with NB-IoT are too restricted for some applications that would otherwise benefit from NB-IoT.
Observation 2: The latency achievable with NB-IoT is too large for some applications that would otherwise benefit from NB-IoT.
Observation 3: Higher data rates in NB-IoT can enable lowering the latency hence make NB-IoT viable for a greater number of applications.
Observation 4: Higher data rates in NB-IoT through higher order modulation 16QAM allows a higher spectrum efficiency hence better radio resource usage. 
Observation 5: The expected impact to introduce support of 16QAM for NB-IoT on the specifications is expected to be minor i.e. extension of TBS tables for NPDSCH, NPUSCH and introduction of a new UE Category Cat NB3.
Observation 6: The additional hardware complexity to support 16QAM is expected to have only a minor effect on the overall cost of a NB-IoT UE. 
Observation 7: As for earlier releases, economies of scale will be a primary contributor to keeping the overall cost very low with Cat NB3. 
Observation 8: 16QAM is a true low-hanging fruit that can transform NB-IoT and its addressable market whilst retaining its key low-cost attribute.
Proposal 1: Revise the Release 16 NB-IoT WID to specify support for higher order modulation 16QAM for PDSCH and PUSCH.
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