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1. Introduction

A new work item “NarrowBand IOT” has been approved [1]. The objective of the work item is to specify a radio access for cellular internet of things based on techniques described in TR 45.820 [2] and the interface to the core network will be an optimised interface discussed in SA2 as part of FS_AE_CIOT [3].

This contribution shows differences of Random Access procedure between Narrowband IOT (NB IOT) and LTE based on study from GERAN/SA2 [2][3] and proposes events to trigger Random Access procedure for NB IOT.
2. Discussion

For LTE, the Random Access procedure is performed for the following events in RRC_IDLE or RRC_CONNECTED [4]:
· Initial access from RRC_IDLE

· RRC Connection Re-establishment procedure

· Handover

· DL data arrival during RRC_CONNECTED

· UL data arrival during RRC_CONNECTED

· For positioning purpose during RRC_CONNECTED

For NB IOT, the events to trigger the Random Access procedure could also be divided into events in RRC_IDLE or RRC_CONNECTED.

2.1 Events in RRC_IDLE for NB IOT

Initial access

Based on traffic models listed below [2], it can be observed that initial access can be either triggered by UE (e.g. MAR reports) or network (e.g. network command or software update/reconfiguration):

· Mobile Autonomous Reporting (MAR) exception reports

· Mobile Autonomous Reporting (MAR) periodic reports

· Network Command

· Software update/reconfiguration model

So, initial access is either for mobile originating (MO) or mobile terminating (MT).

Paging assistance
Paging optimization for resource efficiency is one of key issues identified by SA2 [3]. And improving paging may also improve UE power efficiency depending on paging monitoring mechanism for NB IOT. In order to send paging efficiently, assistance information from UEs is necessary. The assistance information could be updated coverage class [2] and/or paging area (e.g. a list of camping cell candidates) [3]. Since NB IOT UEs have no/low mobility [2], the update would not be frequent. And size of the assistance information is expected to be small. When UEs are in RRC_IDLE, the only way to provide assistance information is to trigger a Random Access procedure.
Proposal 1:
NB IOT UE performs Random Access procedure in RRC_IDLE for the following events:
· Initial access
· Paging assistance, e.g. coverage class update and/or paging area update
Besides, LTE UEs are expected to enter RRC_CONNECTED when initiating a Random Access procedure in RRC_IDLE. However, NB IOT UEs may not always need to enter RRC_CONNECTED depending on techniques selected by SA2 [3]. Entering RRC_CONNECTED unnecessarily would consume UE power and increase signaling exchange. So, it is FFS whether NB IOT UE needs to enter RRC_CONNECTED for different events.
2.2 Events in RRC_CONNECTED for NB IOT

Mobility
For NB IOT, it is assumed that intra-RAT mobility is realized by cell reselection [2], i.e. network controlled handover is not supported. And it could be deduced that neighbouring cells are not prepared. Then, it means that UEs in RRC_CONNECTED are not necessary to initiate a Random Access procedure due to mobility.
Observation 1:
NB IOT UE is not necessary to perform Random Access procedure for handover or RRC connection re-establishment.
DL data arrival
In LTE, Random Access procedure for DL data arrival is triggered when UL timing is non-synchronised. For NB IOT, whether UL timing needs to maintain or not still depends on techniques selected from [2]. At least small data is assumed and UEs is not expected to stay in RRC_CONNECTED for a long time due to UE power efficiency. Then, UL timing becoming non-synchronised seems unlikely and could be prevented by eNB. So, there is no need to introduce Random Access procedure for DL data arrival which complicates the design.
Observation 2:
NB IOT UE is not necessary to perform Random Access procedure for DL data arrival during RRC_CONNECTED.
UL data arrival

Random Access procedure for UL data arrival is used to request UL grant. It is necessary when SR is not available and eNB cannot predict UL data arrival, e.g. timing to generate response for the received network command may not be predictable.
Positioning

So far the need for NB IOT UEs to support positioning in RRC_CONNECTED is not shown in the study from GERAN/SA2. Therefore, it seems not necessary to introduce Random Access procedure for positioning in Rel-13.

Observation 3:
The need to perform Random Access procedure for positioning during RRC_CONNECTED is not identified.
Coverage class update
Since eNB decides how to schedule NB IOT UEs, e.g. resources for scheduling [2], number of repetition, or etc., based on their coverage class, the straightforward way is that the UEs update their coverage class via Random Access procedure to ensure successful reception of scheduling signaling. Alternatively, it is also possible to leave for eNB implementation to detect the change of UE coverage class. However, it would result in temporary transmission interruption and unnecessary UE power consumption which violates the objective to improve UE power efficiency [2]. Therefore, it is preferred to let NB IOT UEs update coverage class via Random Access procedure.
Proposal 2:
NB IOT UE performs Random Access procedure in RRC_CONNECTED for the following events:
· UL data arrival

· Coverage class update
3. Conclusion

For NB IOT, events in RRC_IDLE and RRC_CONNECTED to trigger Random Access procedure are evaluated and proposed as below:
Proposal 1:
NB IOT UE performs Random Access procedure in RRC_IDLE for the following events:
· Initial access
· Paging assistance, e.g. coverage class update and/or paging area update
Proposal 2:
NB IOT UE performs Random Access procedure in RRC_CONNECTED for the following events:
· UL data arrival

· Coverage class update
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