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1 Introduction
At TSG RAN #69 a new WI on NB-IoT [1] was approved. The objective is to specify a Narrow Band radio access for Internet of Things (NB-IoT), based to a great extent on a variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 
NB-IOT should support 3 different modes of operation: 

1. ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2. ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3. ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
Furthermore, MAC, RLC, PDCP and RRC procedures will be supported based on existing LTE procedures and protocols and with relevant optimisations to support the selected physical layer. 
Basing NB-IoT on proven LTE protocols/solutions makes it possible to re-use much specification and implementation work, test cases, test procedures, test equipment etc. A large degree of commonality is beneficial in general. Even more, commonality is beneficial when the same network is serving both eMTC and NB-IoT devices.
Observation 1 LTE MAC, RLC, PDCP and RRC is the baseline for NB-IoT L2/L3 protocols.

2 Baseline

In Rel-13 LTE support for MTC use cases has been enhanced within the scope of WIs like eMTC and eDRX. To benefit from these enhancements, it is proposed to use LTE Rel-13 including, e.g., eMTC and eDRX enhancements, as the baseline for NB-IoT MAC, RLC, PDCP and RRC.

Proposal 1 NB-IoT MAC, RLC, PDCP and RRC is based on LTE Rel-13 with eMTC and eDRX enhancements.

3 Simplifications

LTE supports a very broad range of use cases and it is understood that several features provided by (or being considered to be provided by) LTE may not be prioritised for NB-IoT. For instance features improving data rates (e.g., Carrier Aggregation and Dual Connectivity) and latency (e.g., fast uplink access and short transmissions) are not needed for NB-IoT. Other high level features which may not be relevant for NB-IoT are inter-RAT mobility, Voice bearers, Relay, D2D, WLAN interworking. These are optional features in LTE and they are not required to be implemented for NB-IoT nor is there signalling associated with them when these features are not used.
Also other simplifications such as

· reduction of number of SRBs/DRBs

· reduction of number of HARQ processes

· omission of RLC AM

· cell re-selection based mobility

· reduced System Information

should be considered. When considering simplifications, impact on other functionality should be considered to understand second order effects (e.g., whether it will lead to need for new functionality elsewhere).

Therefore, it is proposed that the feature set can be reduced where possible considering gain vs pain.

Proposal 2 Reduce feature set where possible considering gain vs pain.

4 Enhancements and Adaptations
Due to, e.g., differences in physical layer (for instance, supported channels and timing), more focus on  battery lifetime and less on low latency, some adaptations and/or enhancements may be needed. Unnecessary optimisations shall however be avoided. Thus, enhancements and adaptations should be limited to what is required. Also marginal benefit and marginal cost should be considered.

Some potential enhancements are: introduction of RRC_SUSPENDED state to reduce signalling; further enhancements in SI, use of asynchronous adaptive HARQ in UL to allow more flexible timing etc.

Some potential adaptations are: HARQ feedback on PUSCH/M-EPDCCH instead of PUCCH/PHICH; Rel-13 eMTC SI can be used as baseline, but adaptations may be needed for fitting new PHY; timing adaptations etc.

Proposal 3 Make adaptations/enhancements where required and justified by gain vs pain.

Proposal 4 Do not optimize where not needed.

5 Performance objectives

In the work leading up to the approval of the NB-IoT WI, performance objectives were considered [2]. Objectives relevant for RAN2 are:

· Support of massive number of low throughput devices: 

A system that can support a large number of devices, each generating a small amount of data is required.
· Reduced complexity:
It is noted that MTC devices have very limited throughput requirement and may not need to support circuit switched services and there should be an aim to significantly reduce complexity and hence cost.
· Improved power efficiency:
The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours).

· Latency:
It is noted that M2M devices may in general support relaxed delay characteristics. Certain applications (e.g. alarms) may however require a reasonably strict delay profile. For devices supporting such applications a delay requirement of 10 seconds is appropriate for the uplink. 

Furthermore, it is understood that the majority of cellular IoT devices will be stationary. Cellular IoT is expected to be designed and optimized for stationary devices.
We note that the objectives are not strictly independent. Optimisation for one objective may negatively impact another objective. For example improvement of coverage (another objective relevant for RAN1) may impact latency and/or complexity. Therefore it should be understood that objectives need to be balanced. Typical use cases, marginal benefit and cost should be considered when considering the objectives.

Proposal 5 Typical use cases, marginal benefit and cost should be considered when considering the objectives in [2].
6 Summary
The objective of the new WI on NB-IoT is to specify a Narrow Band radio access for Internet of Things (NB-IoT). Based on the objective of the WI, and observations and considerations discussed in this contribution, it is proposed that:
Proposal 1
NB-IoT MAC, RLC, PDCP and RRC is based on LTE Rel-13 with eMTC and eDRX enhancements.
Proposal 2
Reduce feature set where possible considering gain vs pain.
Proposal 3
Make adaptations/enhancements where required and justified by gain vs pain.
Proposal 4
Do not optimize where not needed.
Proposal 5
Typical use cases, marginal benefit and cost should be considered when considering the objectives.
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