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1. Introduction

As part of the new Work Item on Narrowband IOT[1], a new radio access for cellular internet of things will be specified in Rel 13 based on a non-backward-compatible variant of E-UTRA and addressing the following aspects

· Improved indoor coverage

· Support for massive number of low throughput devices

· Low delay sensitivity

· Ultra low device cost and low power consumption

· (optimized) network architecture 

The following specific requirements are also to be considered [1]
· 180 kHz UE RF bandwidth for both downlink and uplink
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
In this contribution, we address the principles related to acess for NB-IOT, taking into account the above general requirements and specific aspects described in the 3GPP TR 45.820 [2]. 
2. Discussion

2.1. Random Access for NB-IOT
The requirements captured in 3GPP TR 45.820 [2] (also repeated below) can be taken as a starting point for the discussion on Random Access.
· Random access for data transmission and NAS signalling is required (at least for contention based access). 
· It should be possible to allocate different set of RACH resources depending on the coverage conditions of the MS.

Editor's Notes:  

· Need for Non-contention based RACH is FFS.

· Need for including a UE identity in the initial RACH request is FFS.

· It is FFS if MS needs to indicate how much data it needs to send in the initial RACH transmission.
· It is FFS if we need different RACH resources for other reasons than coverage conditions.

LTE supports contention-based random access for the following scenarios [3]:
1. Initial access from RRC_IDLE;

2. RRC Connection Re-establishment procedure;
3. Handover;
4. DL data arrival during RRC_CONNECTED requiring random access procedure:

-
E.g. when UL synchronisation status is "non-synchronised".

5. UL data arrival during RRC_CONNECTED requiring random access procedure:

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

6. For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning.
Taking into account the requirements in [2], which target very low mobility use-cases, NB-IOT should be optimized for stationary devices. Seamless mobility and handover is not requirements for NB-IOT. Moreover, the UL and DL data arrivals will generally happen when the UE is in IDLE state. Hence, Random access for NB-IOT should be optimized for a limited set of use-cases supported in LTE.
Proposal 1: At least contention-based random access should be supported for NB-IOT. The exact use-cases to be optimized for should be further discussed in RAN2. 

Since contention-based random access is likely required, it does not seem immediately clear whether a contention-free mode is also needed. However, this may also depend on the need for e.g UL timing alignment procedure, which requires RAN1 input. 
Proposal 2: RAN2 should discuss whether contention-free random access is needed for NB-IOT.
Figure 1 illustrates the current contention-based random access procedure in LTE [3]. 
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Figure 1: Contention based random access procedure in LTE
It seems quite clear that the number of required messages for Random Access (and before the UE can send or receive even a single byte of data) is quite excessive for the NB-IOT use cases. Further considering that the amount of data involved (typically a few tens of kB), the current LTE procedure could result in disproportionately large amount of UE wake-up time for access purposes relative to data transmission/reception. 
Observation 1: The current 4-step Random Access procedure in LTE is inefficient for NB-IOT from a system resource and battery savings point of view. 
Therefore, one of the main goals for RAN2 should be to discuss mechanisms to optimize the Random Access procedure for NB-IOT. The specific goals should include both reduction in the number of messages, as well as to optimize the required UE wake-up time to send or receive small data. 
Proposal 3: RAN2 should discuss mechanisms to optimize the Random Access procedure for NB-IOT in order to reduce the number of message exchanges and UE wake-up time for small data transmission/reception.
3. Conclusion

In this contribution, we discussed some principles for Random Access for NB-IOT. The following is proposed: 
Proposal 1: At least contention-based random access should be supported for NB-IOT. The exact use-cases to be optimized for should be further discussed in RAN2. 

Proposal 2: RAN2 should discuss whether contention-free random access is needed for NB-IOT.
Proposal 3: RAN2 should discuss mechanisms to optimize the Random Access procedure for NB-IOT in order to reduce the number of message exchanges and UE wake-up time for small data transmission/reception.
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