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1. Introduction

The approved WI (RP-151621) on NB-IOT agreed the following: 

· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

The RAN2 objective of the WI is to:

· RAN2 to specify the following radio protocol aspects:

· The radio interface protocol architecture

· MAC, RLC, PDCP, and RRC protocols

· UE capabilities

This document looks at the overall LTE architectural aspects and its applicability to meet the NB-IOT requirements and to agree on basic concepts for NB-IOT that can be used as a basis for further work.

2. Discussion

LTE architecture is fundamentally based on a connection oriented model where an RRC connection is established at the start of any UE communication.   During the establishment of the RRC connection, the UE first initialises itself with a default configuration.  Network then reconfigures the SRB1 using delta configuration with the default configuration as the baseline.   The S1 connection is also established towards the CN during which the previously stored UE radio capability is also provided to the eNB.  Following this the security, SRB2 and DRBs are established. LTE UEs support 8 DRBs.  Each DRB can be configured as RLC-UM or RLC-AM.  PDCP supports encryption and header compression.  In the context of NB-LTE, all these fundamental architectural concepts needs to be re-visited and either confirmed or identified as points for further discussion.  Each of these is discussed below.

The overall connection oriented model of LTE can be signalling intensive especially when transferring very small volume of data involving the establishment of S1 connection.  There are many solutions for reduction of signalling that are under discussion in SA2 in this context.  While SA2 is not discussing the radio configuration itself in detail, the impact of the overall framework for signalling reduction should be considered when looking at optimising radio configuration signalling.   There are many solutions to reduce the radio configuration signalling – for example, by storing the previous radio configuration, by using default configurations in SIB or pre-specified configurations.  Most of these concepts are well understood in the context of other RATs and a choice between them should be quite straightforward once the overall framework is clear.  

Proposal #1: RAN2 should wait for SA2 outcome on overall signalling reduction framework, including S1 aspects, before discussing solutions for reduction of radio configuration.

The evaluation model used in TR 45.820 uses 52547 UEs per cell site.  While this is a large number, most of these devices are expected to generate only small volumes of data and too very infrequently.  So there is no reason to expect many more RRC connected devices than in normal LTE systems.  

Proposal: #2: It is not required to provide any additional specific solution to support massive number of RRC connected IOT devices at any time.

There are no specific requirements to support mobility for IOT devices captured in TR 45.820.  Not supporting network controlled mobility provides for quite significant simplification of the UE complexity.  There is no need to support measurements in the UE, related performance requirements, Measurement objects, measurement reporting etc.   It is of course possible even for stationary devices to cross cell boundaries depending on RF conditions.  As discussed above, they are not expected to be connected for long periods of time and hence the possibility of cell crossing while connected is very limited.   And even if they did, the worst that would happen is that UE will go through RLF and need to reconnect.  This is acceptable given that there are no requirements to support QoS.

Proposal #3: Network controlled mobility is not supported for CIOT devices.

IOT requirements captured in TR 45.820 requires only one IP address.  Further, no CS voice support is necessary.  These can then be understood to mean that only 1 DRB is sufficient for IOT devices.  However, it is possible that in the future or for some types of IOT devices more than 1 DRB may need to be supported.  However it seems already possible to assume that an IOT device by default only supports 1 DRB.  This agreement allows for an understanding of overall UE “complexity”/ requirements and also that no UE capability signalling of the number of supported DRBs is needed for these devices that only support 1 DRB.   A UE capability can be added for the IOT devices that support more than 1 DRB if there are any.

Proposal #4: IOT devices only support 1 DRB by default.  Additional DRBs can be supported if needed and corresponding UE capability introduced.  

The main motivation for the SRB2 is to carry large NAS messages in the UL without delaying RRC messages over SRB1.   The most time critical UL RRC message is measurement report and a delay in this message could result in a HO failure.  As discussed above, since network controlled mobility is not needed, this is not an issue for IOT devices and hence the need for SRB2 can be challenged.   Not having to support SRB2 can bring some simplicity and reduction in memory requirements in the UE.  However, use of SRB2 is an integral part of LTE in the way the specifications are written.  It is established when security is activated and along with any DRB.   Not supporting SRB2 can require changing the conditional mandatory presence of SRB2 fields to absent.  Some amount of updates to RRC specs can be expected for this.  However, if the benefit of reduction in memory requirements is considered significant, it is proposed that:

Proposal #5: Discuss if the pain of removing SRB2 from specs can be justified given the relatively small reduction in UE memory and processing requirements.

On the user plane, RLC-AM mode provides guaranteed delivery of packets.  This not only provides for the necessary QoS for QCIs used for TCP traffic, it also allows for simpler design of RRC protocol that does not need to consider message losses.  To avoid having to build in message loss handling into the RRC protocol itself, it is proposed that RLC-AM is supported at least for SRB1 (and SRB2 if supported).  For DRB, some types of traffic such as Mobile Autonomous Reporting (MAR) periodic reports may be tolerant to data loss, other types of traffic such as Mobile Autonomous Reporting (MAR) exception reports may not be.  One can depend on TCP for data recovery but it may not be acceptable in cases.  Support of RLC-AM on the device can then be left to the nature of the device and type of traffic carried and specifications should support RLC-AM.

Proposal #6: RLC-AM is supported for SRBs and left to implementation depending on requirement for DRB.

PDCP provides for header compression and security.  Header compression can provide significant reduction in data packet size.  However, this can be achieved only if the header state is retained between these data packets with a large period between them; however this aspect depends also on SA2 decision on overall architecture.  

Proposal #7: Header compression is supported at PDCP layer with possibility to retain the state during periods of inactivity.  

Conclusion and proposals

The document examined some of the architectural concepts of LTE and their applicability to NB-LTE.  It makes the following proposals as an initial baseline for further NB-LTE architectural and specification work:
Proposal #1: RAN2 should wait for SA2 outcome on overall signalling reduction framework, including S1 aspects, before discussing solutions for reduction of radio configuration.

Proposal: #2: It is not required to provide any additional specific solution to support massive number of RRC connected IOT devices at any time.

Proposal #3: Network controlled mobility is not supported for CIOT devices.

Proposal #4: IOT devices only support 1 DRB by default.  Additional DRBs can be supported if needed and corresponding UE capability introduced.  

Proposal #5: Discuss if the pain of removing SRB2 from specs can be justified given the relatively small reduction in UE memory and processing requirements.

Proposal #6: RLC-AM is supported for SRBs and left to implementation depending on requirement for DRB.

Proposal #7: Header compression is supported at PDCP layer with possibility to retain the state during periods of inactivity.  

