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A new WI named “NB-IOT” was motivated by the GERAN SI “CIoT” [1] and was approved in RAN#69 [2].
As stated in [2], “As per the PCG#34 decisions, it was agreed to move the normative phase of a single “clean-slate solution” to TSG RAN based on techniques described in TR 45.820.”
Options for the downlink and uplink numerologies are based on sub-clause 7.3 and clause 7A of TR 45.820. Decisions on the numerologies are expected in RAN#70.
This document proposes some general design principles for NB-IOT, independent of the numerology selection.
Modes of operation
It is envisaged in [2] that NB-IOT should support three modes of operation:
· “stand-alone” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers,
· “guard-band” utilizing the unused resource blocks within a LTE carrier’s guard-band, and
· “in-band” utilizing resource blocks within a normal LTE carrier.
The stand-alone mode of operation has been thoroughly studied in the CIoT study item, and it has been shown that the NB-CIoT and EC-GSM candidate solutions are fully compliant to the objectives of the CIoT study item, see [3]. The objectives are recapped as follows,
· Provide a data rate of at least 160 bps (on both the uplink and downlink) at the (equivalent of) the SAP to the SNDCP layer with the aim of achieving an extended coverage of 20 dB compared to legacy GPRS (Non EGPRS).
· Scale to support a massive number of MTC Mobile Stations.
· Reduce power consumption of MTC Mobile Stations compared with legacy GPRS (non EGPRS) so that they can have up to ten years battery life with battery capacity of 5 Watt-hours, even in locations with adverse coverage conditions where up to 20 dB extension might be needed.
· Maximise the reduction in complexity of the Mobile Termination compared to that of a legacy GPRS (non EGPRS) MT.
· Avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements applying to the spectrum bands in which the system operates.
· Minimise impacts to the GPRS/EDGE base station hardware.
The guard-band mode of operation is expected to fulfill most of the objectives of the CIoT study item, see [4] for some preliminary analysis.
There are different views on whether the objectives can be met for in-band mode of operation. For example, in [5] it is shown that this could be very challenging.
[bookmark: _Ref430949414][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: Set the following guidelines in the NB-IOT evaluation and specification work:
· Stand-alone mode of operation shall be fully compliant to the objectives of the CIoT study item.
· Guard-band mode of operation shall be compliant to a slightly relaxed set of the objectives of the CIoT study item.
· In-band mode of operation shall be compliant to a possibly heavily relaxed set of performance objectives of the CIoT study item.
Further discussion in RAN1 is needed to determine the relevant requirements and criteria especially for in-band mode of operation, and its relationship with eMTC.
Common designs for different modes of operation
In the NB-IOT WID [2], “a single synchronization signal design for the different modes of operation” is envisaged.
The sourcing companies propose to have a common design also for
· Frame structure.
· Channel coding.
· Downlink multiplexing.
· Downlink control channel.
· HARQ.
· Uplink modulation.
Frame structure
The reporting period for MAR (mobile autonomous reporting) periodic UL reporting traffic is expected to range from 30 minutes to one day, see Table E.2-1 of [3]. To minimize power consumption, the UE is expected to be in sleep mode for most of the time, and will only wake up when deemed necessary. Furthermore, the TTI (including repetitions) for devices in extreme coverage areas is much longer than that of legacy LTE UEs. Hence the design of downlink frame structure should allow 
· A sufficiently long max scheduling period (in the order of seconds).
· Indication in upper layer signaling of a specific time in the future as far as 24 hours.
· Detection of the network time even when the UE wakes up from a long sleeping period.
An example of the frame structure design following the above principles is depicted in Figure 7.3.2.2-1 and Figure 7.3.2.2-2 of the TR where the following are defined:
· Sub-frame (defined as a unit for synchronization and scheduling periods).
· Frame (defined as a unit for broadcasting period). 
· Super-frame (defined as a unit for DRX cycle).
· Hyper-frame (defined as the max sleeping duration).
Proposal 2: Use a hierarchical frame structure that supports duration up to 24 hours.

[bookmark: _Ref129681832]Channel coding
The channel coding design in clause 7A of the TR fully reuses the channel coding schemes in LTE for both the uplink and the downlink.
The channel coding designs in sub-clause 7.3 of the TR fully reuses the channel coding schemes in LTE for the uplink. In the downlink, as described in sub-clause 7.3.2.4.2 of the TR, a new rate matching procedure is defined to replace the LTE circular buffer rate matching. However, as shown in [6], the performance difference between the two rate matching schemes are very small.
[bookmark: _Ref430949415][bookmark: OLE_LINK14]Proposal 3: Fully reuse the channel coding schemes in LTE, for both the uplink and the downlink.
Resource mapping
One of the objectives of the CIoT study item was to support the transfer of a massive number of small data packets. In the downlink it is expected that a large portion of PHY data blocks are originated from upper layer ACKs/NAKs, in which case the code block sizes are likely to be very small. On the other hand, the CIoT study item also supported the software update traffic model where the downlink application layer packet size can be up to thousands of bytes.
It is thus desirable to support a mix of FDM and TDM resource mapping in the downlink in order to provide fine scheduling granularity, reduce padding for small blocks, and reduce fragmentation for large blocks.
Proposal 4: Support a mix of FDM and TDM resource mapping.
Downlink control channel
The NB-IoT system is expected to support a wide range of UEs with vastly different coverage levels, which can be classified as a number of coverage classes (see e.g. the definition in sub-clause 7.3.5.3.1 of the TR: “Multiple coverage classes are supported to adapt to different path and penetration losses experienced by different MSs. This allows MSs with better than worst case coupling loss to benefit from improved battery life and lower latency, and also benefits the network in terms of improved capacity.”). Different coverage classes may require different MCS design (e.g. modulations, number of repetitions, etc), hence it is desirable to convey NB-PDCCH messages in a coverage class specific manner, as described in sub-clause 7.3.2.3.2 of the TR. An example is shown in Table 7.3.2.3-2 of the TR, recapped below,
Table 1. MCS and required resource of a NB-PDCCH message 
	Coverage Class
	1
	2
	3
	4

	Modulation
	QPSK
	BPSK
	BPSK
	BPSK

	Coding rate within a burst
	2/3
	0.444
	4/9
	0.061

	Repetition
	1
	1
	2
	2

	Resource per burst (subcarrier x slot)
	4x1
	4x3
	4x3
	4x22

	NOTE:	Note that the coding rate is calculated based on the assumption of payload size 80 bits. The actual coding rate may be smaller depending on the final decision on the NB-PDCCH payload size.



Further, the following design principles are also described in sub-clause 7.3 of the TR and should be adopted in the NB-IoT work,
· The NB-PDCCH resource configuration should be broadcasted in system information, to allow flexible NB-PDCCH formats which adapts to diverse traffic models. See sub-clause 7.3.2.3.2 of the TR.
· The blind detection of NB-PDCCH formats should be minimized (e.g. by minimizing the number of NB-PDCCH formats). See sub-clause 7.3.2.3.2 of the TR.
· The number of NB-PDCCH resource blocks that a UE needs to detect should be minimized in order to lower UE complexity and UE energy consumption. As described in 7.3.4.4.1 of the TR, this can be done by mapping the UE ID and frame number to a subset of all NB-PDCCH resource blocks.
Proposal 5: Support coverage class specific NB-PDCCH message formats.
Proposal 6: Support semi-static configuration of NB-PDCCH formats via system information.
Proposal 7: Support the mapping of UE ID and frame number to the NB-PDCCH blocks that needs to be detected by a given UE.
HARQ
The multi-process HARQ scheme for LTE can be served as a good starting point, however having multiple processes for a sustained higher peak data rate is not an objective or need for the applications in the GERAN TR. Therefore, as described in sub-clause 7.3.4.6.3 of the TR, it is better to reduce the number of HARQ processes to 1 (i.e. a new MAC PDU can only be sent when the previous MAC PDU is acknowledged) in order to lower the UE complexity and support a massive number of low throughput connections in the base station.
Proposal 8: Support single process stop-and-wait HARQ.
Uplink modulation
It is envisaged in [2] that “for the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA)”.
The key principles of the uplink design, as proposed in [6], should be the following,
· Mandatory modulation mode is constant envelope (0 dB PAPR), including when scaled to higher data rates, allowing very high energy efficiency for the transmitter.
· Modulation has a very well-behaved spectrum, with very low side-lobes, allowing use in all deployment scenarios (in-band, guard-band and standalone) due to minimal energy leakage into adjacent carriers such as LTE PRBs.
· Modulation is both narrowband and continuous phase to support very low complexity, energy efficient transmitter architectures.
· Same modulation is used for all uplink channels (NB-PRACH, NB-PUSCH and NB-PUCCH). For example, NB-PRACH is also narrowband and constant envelope, so does not impose any additional requirements on the transmitter architecture.
· Robust system performance due to low sensitivity of FDMA to inter-user timing errors, frequency errors and received power imbalance, and so avoids the need for closed-loop power control.
Table 2 below provides a comparison of the two options.
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	FDMA+GMSK 
	SC-FDMA

	Scenarios
	Stand-alone/guard-band/in-band 
	Stand-alone/guard-band/in-band 

	PAPR (dB)
	0
	~6 (PAPR reduction mechanism will cause totally different design from LTE)

	PA integration
	Easy
	Hard

	Power efficiency with integrated PA
	45%
	23.8% (RP-151381 from Intel)
15% (HiSilicon)

	Battery life (200 bytes, 1 day) (year)
	12.8 (GPC150608 from Neul, integrated PA)
	11 (RP-151393 from Ericsson, individual PA)
8.3 (integrated PA, 23.8% PA efficiency)
6 (integrated PA, 15% PA efficiency)

	Battery life (200 bytes, 2 hours) (year)
	1.5 (GPC150608 from Neul, integrated PA)
	1.2 (RP-151393 from Ericsson)
0.9 (integrated PA, 23.8% PA efficiency)
0.6 (integrated PA, 15% PA efficiency)

	Used in
	Bluetooth (Sigfox, LORA also use constant-envelope type of PA)
	LTE



Conclusions
In this document some general design principles are summarized based on the techniques described in the TR 45.820. As agreed in the NB-IoT WID [2], it is proposed to follow the above design principles and proceed with the NB-IoT normative work even before numerology selection in RAN#70.
The following proposals are made:
Proposal 1: Set the following guidelines in the NB-IOT evaluation and specification work:
· Stand-alone mode of operation shall be fully compliant to the objectives of the CIoT study item.
· Guard-band mode of operation shall be compliant to a slightly relaxed set of the objectives of the CIoT study item.
· In-band mode of operation shall be compliant to a possibly heavily relaxed set of performance objectives of the CIoT study item.
Proposal 2: Use a hierarchical frame structure that supports duration up to 24 hours.
Proposal 3: Fully reuse the channel coding schemes in LTE, for both the uplink and the downlink.
Proposal 4: Support a mix of FDM and TDM resource mapping.
Proposal 5: Support coverage class specific NB-PDCCH message formats.
Proposal 6: Support semi-static configuration of NB-PDCCH formats via system information.
Proposal 7: Support the mapping of UE ID and frame number to the NB-PDCCH blocks that needs to be detected by a given UE.
Proposal 8: Support single process stop-and-wait HARQ.
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