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2
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1. -
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2. -
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3. -
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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[6]
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[22]
3GPP TS 33.401: "3GPP System Architecture Evolution: Security Architecture".

[23]
3GPP TS 23.272: "Circuit Switched Fallback in Evolved Packet System; Stage 2".
[24]
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[25]
3GPP TS 36.413: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP)".

[26]
3GPP TS 23.003: "Numbering, addressing and identification".

[27]
3GPP TR 25.922: "Radio Resource Management Strategies".

[28]
3GPP TS 23.216: "Single Radio voice Call continuity (SRVCC); Stage 2".

[29]
3GPP TS 32.421: "Subscriber and equipment trace: Trace concepts and requirements".

[30]
3GPP TS 32.422: "Subscriber and equipment trace; Trace control and configuration management".

[31]
3GPP TS 32.423: "Subscriber and equipment trace: Trace data definition and management".

[32]
3GPP TS 25.346: "Universal Mobile Telecommunications System (UMTS); Introduction of the Multimedia Broadcast/Multicast Service (MBMS) in the Radio Access Network (RAN); Stage 2".

[33]
3GPP TS 22.220: "Service Requirements for Home NodeBs and Home eNodeBs".

[34]
3GPP TS 22.268: "Public Warning System (PWS) Requirements".

[35]
IETF RFC 3168 (09/2001): "The Addition of Explicit Congestion Notification (ECN) to IP".

[36]
3GPP TS 25.446: "MBMS synchronisation protocol (SYNC)".

[37]
3GPP TS 22.168: "Earthquake and Tsunami Warning System (ETWS) requirements; Stage 1".

[38]
3GPP TR 25.306: " UE Radio Access capabilities".

[39]
Void.

[40]
3GPP TS 29.274: "Tunnelling Protocol for Control Plane (GTPv2-C); Stage 3".

[41]
3GPP TS 29.061: "Interworking between the Public Land Mobile Network (PLMN) supporting packet based services and Packet Data Networks (PDN)".

[42]
3GPP TS 36.423: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 Application Protocol (X2AP)".

[43]
3GPP TS 37.320: "Universal Terrestrial Radio Access (UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRA); Radio measurement collection for Minimization of Drive Tests (MDT); Overall description; Stage 2".

[44]
3GPP TS 36.443: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); M2 Application Protocol (M2AP)".

[45]
3GPP TS 36.444: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); M3 Application Protocol (M3AP)".

[46]
3GPP TS 36.420: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 general aspects and principles".

[47]
3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane (GTPv1-U)"

[48]
3GPP TS 23.246: "Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description"

[49]
3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs"

[50]
3GPP TR 36.816: "Evolved Universal Terrestrial Radio Access (E-UTRA); Study on signalling and procedure for interference avoidance for in-device coexistence".

[51]
3GPP TS 36.305: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Stage 2 functional specifications of User Equipment (UE) positioning in E-UTRAN".

[52]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".

[53]
3GPP TS 33.320: "Security of Home Node B (HNB) / Home evolved Node B (HeNB)".

[54]
3GPP TS 23.251: "Technical Specification Group Services and System Aspects; Network Sharing; Architecture and functional description".

[55]
3GPP TS 23.139: "3GPP system – fixed broadband access network interworking".

[56]
3GPP TS 23.007: "Technical Specification Group Core Network and Terminals; Restoration procedures".

[57]
3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".

[58]
3GPP TS 24.312: "Access Network Discovery and Selection Function (ANDSF) Management Object (MO) ".

[59]
3GPP TR 36.842: "Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects"
[60]
3GPP TR 36.932: "Scenarios and Requirements for Small Cell Enhancements for E-UTRA and E-UTRAN".
[61]
3GPP TS 36.425: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 interface user plane protocol".

[62]
3GPP TS 23.303: "Technical Specification Group Services and System Aspects; Proximity-based services (ProSe)"
[xx]
3GPP TR 23.720: "Architecture enhancements for Cellular Internet of Things"
[xx]     FFS: whether to add the reference 3GPP TR 45.820: “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”
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3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

1xCSFB
Circuit Switched Fallback to 1xRTT

ABS
Almost Blank Subframe

ACK
Acknowledgement

ACLR
Adjacent Channel Leakage Ratio

AM
Acknowledged Mode

AMBR
Aggregate Maximum Bit Rate

ANDSF
Access Network Discovery and Selection Function

ANR
Automatic Neighbour Relation

ARQ
Automatic Repeat Request

ARP
Allocation and Retention Priority

AS
Access Stratum

BCCH
Broadcast Control Channel

BCH
Broadcast Channel

BSR
Buffer Status Report

C/I
Carrier-to-Interference Power Ratio

CAZAC
Constant Amplitude Zero Auto-Correlation

CA
Carrier Aggregation

CBC
Cell Broadcast Center

CC
Component Carrier

CG
Cell Group

CIF
Carrier Indicator Field

CMAS
Commercial Mobile Alert Service

CMC
Connection Mobility Control

CP
Cyclic Prefix

CoMP
Coordinated Multi Point

C-plane
Control Plane

C-RNTI
Cell RNTI

CQI
Channel Quality Indicator

CRC
Cyclic Redundancy Check

CRE
Cell Range Extension

CRS
Cell-specific Reference Signal

CSA
Common Subframe Allocation

CSG
Closed Subscriber Group

CSI
Channel State Information

CSI-IM
CSI interference measurement

CSI-RS
CSI reference signal

DC
Dual Connectivity

DCCH
Dedicated Control Channel

DeNB
Donor eNB

DFTS
DFT Spread OFDM

DL
Downlink

DRB
Data Radio Bearer
DRX
Discontinuous Reception

DTCH
Dedicated Traffic Channel

DTX
Discontinuous Transmission

DwPTS
Downlink Pilot Time Slot

EAB
Extended Access Barring

ECGI
E-UTRAN Cell Global Identifier

ECM
EPS Connection Management
EMM
EPS Mobility Management

E-CID
Enhanced Cell-ID (positioning method)

eIMTA
Enhanced Interference Management and Traffic Adaptation

eHRPD
enhanced High Rate Packet Data

eNB
E-UTRAN NodeB

EPC
Evolved Packet Core

EPDCCH
Enhanced Physical Downlink Control Channel

EPS
Evolved Packet System

E-RAB
E-UTRAN Radio Access Bearer
ETWS
Earthquake and Tsunami Warning System

E-UTRA
Evolved UTRA

E-UTRAN
Evolved UTRAN

FDD
Frequency Division Duplex

FDM
Frequency Division Multiplexing

GERAN
GSM EDGE Radio Access Network

GNSS
Global Navigation Satellite System

GSM
Global System for Mobile communication

GBR
Guaranteed Bit Rate

GP
Guard Period

GRE
Generic Routing Encapsulation

GUMMEI
Globally Unique MME Identifier

GUTI
Globally Unique Temporary Identifier

GWCN
GateWay Core Network
HARQ
Hybrid ARQ

(H)eNB
eNB or HeNB

HO
Handover

HRPD
High Rate Packet Data

HSDPA
High Speed Downlink Packet Access

ICIC
Inter-Cell Interference Coordination

IDC
In-Device Coexistence

IP
Internet Protocol

ISM
Industrial, Scientific and Medical

KPAS
Korean Public Alert System
LB
Load Balancing

LCG
Logical Channel Group

LCR
Low Chip Rate

LCS
LoCation Service

LIPA
Local IP Access

LHN
Local Home Network

LHN ID
Local Home Network ID

LMU
Location Measurement Unit

LPPa
LTE Positioning Protocol Annex

L-GW
Local Gateway

LTE
Long Term Evolution

MAC
Medium Access Control

MBMS
Multimedia Broadcast Multicast Service

MBR
Maximum Bit Rate

MBSFN
Multimedia Broadcast multicast service Single Frequency Network

MCCH
Multicast Control Channel

MCE
Multi-cell/multicast Coordination Entity

MCG
Master Cell Group

MCH
Multicast Channel

MCS
Modulation and Coding Scheme

MDT
Minimization of Drive Tests

MeNB
Master eNB

MIB
Master Information Block

MIMO
Multiple Input Multiple Output

MME
Mobility Management Entity

MSA 
MCH Subframe Allocation 
MSI
MCH Scheduling Information

MSP
MCH Scheduling Period

MTCH
Multicast Traffic Channel

NACK
Negative Acknowledgement

NAS
Non-Access Stratum

NCC
Next Hop Chaining Counter
NB-IoT
Narrowband Internet of Things
NH
Next Hop key

NNSF
NAS Node Selection Function

NR
Neighbour cell Relation

NRT
Neighbour Relation Table

OFDM
Orthogonal Frequency Division Multiplexing

OFDMA
Orthogonal Frequency Division Multiple Access

OPI
Offload Preference Indicator

OTDOA
Observed Time Difference Of Arrival (positioning method)

P-GW
PDN Gateway

P-RNTI
Paging RNTI

PA
Power Amplifier

PAPR
Peak-to-Average Power Ratio

PBCH
Physical Broadcast CHannel

PBR
Prioritised Bit Rate

PCC
Primary Component Carrier

PCCH
Paging Control Channel

PCell
Primary Cell

PCFICH
Physical Control Format Indicator CHannel

PCH
Paging Channel

PCI
Physical Cell Identifier

PDCCH
Physical Downlink Control CHannel

PDSCH
Physical Downlink Shared CHannel

PDCP
Packet Data Convergence Protocol

PDN
Packet Data Network

PDU
Protocol Data Unit

PHICH
Physical Hybrid ARQ Indicator CHannel

PHY
Physical layer

PLMN
Public Land Mobile Network

PMCH
Physical Multicast CHannel

PRACH
Physical Random Access CHannel

PRB
Physical Resource Block

ProSe
Proximity based Services

PSBCH 
Physical Sidelink Broadcast CHannel

PSC
Packet Scheduling

PSCCH
Physical Sidelink Control CHannel

PSCell
Primary SCell

PSDCH
Physical Sidelink Discovery CHannel

PSM
Power Saving Mode

PSSCH
Physical Sidelink Shared CHannel

PUCCH
Physical Uplink Control CHannel

PUSCH
Physical Uplink Shared CHannel

pTAG
Primary Timing Advance Group

PWS
Public Warning System

QAM
Quadrature Amplitude Modulation

QCI
QoS Class Identifier

QoS
Quality of Service

R-PDCCH
Relay Physical Downlink Control CHannel

RA-RNTI
Random Access RNTI

RAC
Radio Admission Control

RACH
Random Access Channel

RAT
Radio Access Technology

RB
Radio Bearer

RBC
Radio Bearer Control


RF
Radio Frequency

RIBS
Radio-interface based synchronization
RIM
RAN Information Management

RLC
Radio Link Control

RN
Relay Node

RNC
Radio Network Controller

RNL
Radio Network Layer

RNTI
Radio Network Temporary Identifier

ROHC
Robust Header Compression

RRC
Radio Resource Control

RRM
Radio Resource Management

RU
Resource Unit

S-GW
Serving Gateway

S1-MME
S1 for the control plane

SCC
Secondary Component Carrier

SCell
Secondary Cell

SCG
Secondary Cell Group

SeNB
Secondary eNB

SI
System Information

SIB
System Information Block

SIPTO
Selected IP Traffic Offload

SIPTO@LN
Selected IP Traffic Offload at the Local Network

SI-RNTI
System Information RNTI

S1-U
S1 for the user plane

SAE
System Architecture Evolution

SAP
Service Access Point

SC-FDMA
Single Carrier – Frequency Division Multiple Access

SCH
Synchronization Channel

SCTP
Stream Control Transmission Protocol

SDF
Service Data Flow

SDMA
Spatial Division Multiple Access

SDU
Service Data Unit

SeGW
Security Gateway

SFN
System Frame Number

S-GW
Serving GateWay

SBCCH
Sidelink Broadcast Control Channel

SL-BCH
Sidelink Broadcast Channel

SL-DCH
Sidelink Discovery Channel

SL-RNTI
Sidelink RNTI

SL-SCH
Sidelink Shared Channel

STCH
Sidelink Traffic Channel

SPID
Subscriber Profile ID for RAT/Frequency Priority

SR
Scheduling Request

SRB
Signalling Radio Bearer

SU
Scheduling Unit

sTAG
Secondary Timing Advance Group

TA
Tracking Area

TAG
Timing Advance Group

TB
Transport Block

TCP
Transmission Control Protocol

TDD
Time Division Duplex

TDM
Time Division Multiplexing

TEID
Tunnel Endpoint Identifier

TFT
Traffic Flow Template

TM
Transparent Mode

TNL
Transport Network Layer

TTI
Transmission Time Interval

UE
User Equipment

UL
Uplink

UM
Unacknowledged Mode

UMTS
Universal Mobile Telecommunication System

U-plane
User plane

UTRA
Universal Terrestrial Radio Access

UTRAN
Universal Terrestrial Radio Access Network

UpPTS
Uplink Pilot Time Slot
VRB
Virtual Resource Block

WLAN
Wireless Local Area Network

X2 GW
X2 GateWay

X2-C
X2-Control plane

X2-U
X2-User plane
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Annex X (informative): Support of NB-IoT

This Annex captures stage 2 and stage 3 agreements reached on NB-IoT to be incorporated later in the core specifications.
[Editor’s note: need alignment with NB-IoT terminology with RAN1]
X.1
General
[Editor’s note: we need to add some text on generic introduction on NB-IoT]
NB-IoT MAC, RLC, PDCP and RRC are based on LTE Rel-13 and as much as reasonable of eMTC and eDRX enhancements.
In general the support of control and user plane bearers is as follows:

-
At most 1 DRB is supported; 
-
SRB0 is supported, dependent on modelling;

-
SRB1 is supported;
-    there is no motivation to support SRB2.
The optional and mandatory aspects of NB-IoT refer to the UE from RAN2 specification point of view.
X.2
Functional requirements for NB-IoT

For the purpose of supporting ultra low cost devices, NB-IoT supports a reduced subset of functions compared with E-UTRAN system. The following functions are agreed to be supported by NB-IoT:

-
Network sharing (up to 6 PLMNs);

-
Access control (per PLMN);
-
Cell barring and cell reservation;

-
Differentiation in access of exceptional reporting and normal reporting;

-
Intra-frequency and inter-frequency cell reselection; 
-
Power Saving Mode;

-
Idle mode DRX with DRX cycle values in the “normal” range and in eDRX range. FFS: The normal range is defined up to 2.56 sec.
The following functions are assumed not supported by NB-IoT:

-
Inter-RAT cell reselection or inter-RAT mobility in connected mode (Note that in this respect NB-IoT is a separate RAT from LTE);

-
Public warning functions like CMAS, ETWS and PWS;

-
Handover and measurement reporting (measurement reporting can be discussed further based on contributions); 
-
GBR (QoS);

-
CSG;

-
Relaying;

-
Dual connectivity;

-
MBMS;
-    Real time services;
-
In-device coexistence;

-
RAN assisted WLAN interworking;

-
Prose (including direct communication and direct discovery);

-
Minimization of Drive Tests (MDT);
-    Limited service state and emergency call are not supported;
-
CS services and CS fallback;
-
SSAC and ACB-skip.
X.3
Control plane
X.3.1
RRC state and configuration

The following figure X.3.1 shows the RRC state transition for NB-IoT as a baseline. Whether RRC connection re-establishement is needed is FFS.
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Figure X.3.1 RRC state transition

X.3.2
System information

LTE, including eMTC, is used as a starting point for the system information design. Enhancements will be considered.

-
The content of the MIB will be adapted to the nature of NB-IoT physical layer;

-
The SystemInformationValueTag will be placed in the MIB to enable fast detection of system information change;

-
The system information validity time will be extended. Exact value FFS but might be in the order of 24h.  
-     Extension of system information messages is supported for NB-IoT in future releases.
RAN2 will work with RAN1 regarding lower layer aspects of system information, including SI TBS. RAN2 will wait further input from RAN1 regarding physical layer cell parameters.
X.3.2.1 System information scheduling

The system information scheduling follows the assumptions listed below:
-
MIB has a fixed size and fixed resource mapping and contains information required to acquire the rest of the system information. The size and resource mapping depend on the physical layer design;
-
System information other than that contained in MIB is grouped into different SIBs (SIB1, SIB2, etc);
-
Different SIBs can be scheduled with different periodicity;
-
The periodicity of SIB1 can be fixed while periodicity of other SIBs can be indicated in SIB1;
-
Cell access and cell selection related system information (e.g. PLMN ID, cell barring, q-RxLevMin, etc) should be prioritized (i.e. transmitted relatively frequently compared to other SIBs) to reduce the time required for cell selection/cell re-selection;
-
The SI message concept from LTE is applied. This can be revisited;
-
A variable SIB size should be supported. RAN1 should provide input on (1) the maximum TB size for broadcast transmission and (2) whether the TB size for broadcast transmission is variable or fixed;
-
System information scheduling is PDCCH-less, i.e. parameters (e.g. time/frequency location and MCS/TBS) are fixed or indicated with scheduling information in MIB or SIB1, instead of dynamically indicated on PDCCH (this need RAN1 confirmation);
-
The UE is not required to accumulate several SI messages in parallel;
-
The UE may need to accumulate a SI message across multiple SI windows, depending on coverage level;
-
The duration over which the content of SIB1 cannot be changed should be defined. Details are FFS pending RAN1 progress;
-
The UE is not required to detect SIB changes while being in RRC_CONNECTED. The network may release the UE to RRC_IDLE if it wants the UE to acquire changed SIB(s).

X.3.2.2 System information contents

NOTE: (*) indicates those fields that need to be further discussed, for example, due to required RAN1/4 inputs or the extended coverage level or Rel-13 eMTC ongoing discussions.
The following SI fields are not supported: 
-
csg-Indication;
-
csg-Identity;
-
ims-EmergencySupport-r9;
-
ac-BarringForEmergency;
-
ssac-BarringForMMTEL-Voice-r9;
-
ssac-BarringForMMTEL-Video-r9;
-
ac-BarringForCSFB-r10;
-
ac-BarringSkipForMMTELVoice-r12;
-
ac-BarringSkipForMMTELVideo-r12;
-
speedStateReselectionPars;
-
mobilityStateParameters;
-
q-HystSF;
-
csg-PhysCellIdRange;
-
mbsfn-SubframeConfigList: leaving FFS if this field (or a similar field) is needed in case of in-band deployment to indicate the subframes which are used for MBSFN in the underlying LTE cell;
-
t301 and t311, if RRC connection re-establishment is not supported;
-
ac-BarringSkipForSMS-r12;
-
allowedMeasBandwidth;
-
presenceAntennaPort1 (*);
-
neighCellConfig;
-
t –ReselectionEUTRA-SF;
-
q-QualMinWB-r11;
-
q-QualMinRSRQ-OnAllSymbols-r12;
-
cellReselectionPriority;
-
category0Allowed-r12.
The following SI fields are supported with same values of field as those in Rel-13 LTE:
-
plmn-IdentityList;
-
cellBarred;
-
trackingAreaCode;
-
cellIdentity;
-
intraFreqReselection (*);
-
freqBandIndicator (*).
The following SI fields are supported with different values of field than those in Rel-13 LTE:
-
systemInfoValueTag;
-
cellSelectionInfo (*);
-
p-Max (*);
-
schedulingInfoList (*);
-
si-WindowLength (*);
-
radioResourceConfigCommon (*);
-
ue-TimersAndConstants (*);
-
timeAlignmentTimerCommon (*);
-
q-Hyst (*);
-
intraFreqCellReselectionInfo (*) excluding allowedMeasBandwidth, presenceAntennaPort1, neighCellConfig and t-ReselectionEUTRA-SF (which are not supported) ;
-
intraFreqNeighCellList (*);
-
interFreqCarrierFreqList (*) excluding t-ReselectionEUTRA-SF, allowedMeasBandwidth, presenceAntennaPort1, cellReselectionPriority, and neighCellConfig (which are not supported).
Extensions of legacy SI fields which were added in different specification versions (e.g. cellSelectionInfo with cellSelectionInfo-v920, cellSelectionInfo-v1130 and cellSelectionInfo-v1250; or freqBandIndicator with freqBandIndicator-v9e0; or tdd-Config with tdd-Config-v1130; or multiBandInfoList with multiBandInfoList-v9e0; or ul-CarrierFreq with ul-CarrierFreq-v9e0) will be merged.
It is FFS whether to broadcast t-ReselectionEUTRA or instead fix the reselection timers in the specification taking into account different DRX cycles.
The support for the following SI fields is FFS:

-
tdd-Config;
-
multiBandInfoList;
-
cellSelectionInfo-v1130;
-
freqBandIndicatorPriority-r12;
-
freqInfo;
-
cellReselectionServingFreqInfo;
-
intraFreqBlackCellList;
-
ac-BarringInfo;
-
eab-Param-r11.
SIB16 is supported as agreed for Rel-13 eMTC (i.e. optionally support similarly to legacy). 
X.3.3
Paging and DRX in idle mode

To save power consumption of devices and support different delay-sensitive applications, idle mode DRX should consider supporting the range of DRX cycle as follows:

-
Up to around 3 hours should be possible to support. The exact cycle length is FFS.

-
Down to around 1 second should be supported. The exact cycle length is FFS. 

Note:  The exact cycle length will depend on the physical layer design, e.g. number of repetitions and coverage levels. 

 Paging in NB-IoT follows the principles as below: 
-
Different transmission repetitions are used for different coverage level; 
-
The CN node provides information on the coverage level of the UE, the paging attempt number, and the last known Cell ID in S1 Paging message to indicate related information to the RAN node;
-
 The paging occasions to monitor paging message are determined by using UE ID and Frame Number. Whether other parameters are needed is FFS. 
-
Coarse paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles.
The eDRX system solution(s) is assumed to be used in NB-IoT:
-
An SFN-based short DRX and long DRX (eDRX) with paging transmission window (PTW) is used;
-
The short DRX is up to X seconds, where X need to be selected to allow RAN repetitions between paging occasions, and to allow CN to trigger retransmissions at the paging occasions;
-
UE monitors all its paging occasions in the paging transmission window. The start of the paging transmission window and the paging occasion are calculated based on UE-ID;
-
For the short DRX, individual paging cycle is not needed, the defaultPagingCycle of the cell can be used;
-
As specified for eDRX, it is assumed that the extended DRX cycle length and the paging transmission window size are negotiated between the UE and the CN during ATTACH/TAU;
-
It is assumed that the CN sends the paging message to the eNB just before the paging transmission window of the UE.
It FFS whether CN node is MME and RAN node is eNB.
X.3.4 Mobility Management

Mobility Management follows the assumptions as below: 

-
Intra-frequency and inter-frequency cell reselection among NB-IoT cells is supported. Details are FFS.
Note: 
"Inter-frequency" denotes a scenario where there is more than one cell on different 180 kHz NB carrier, regardless other character of the deployment. FFS if this definition needs to be updated if RAN1 introduces frequency hopping etc.

-
Speed dependent scaling of mobility parameters is not supported.
-    Mobility history is not supported.

-
Inter-frequency load distribution (quite static) is supported. Details are FFS.

Connected mode mobility:

-
There is at least one RLF criterion;
-
It is FFS if the UE performs radio link monitoring on the DL to trigger RLF.
X.3.5 Access control

One single mechanism (are FFS) is expected to support Access control. The Access Control should be based on the availability of Access Classes in the SIM/UICC like in GSM/UMTS/LTE.
Access control follows the assumptions as below:
-
The access control mechanism shall be able to discriminate between different roaming UEs, i.e. the same roaming differentiation as for EAB;
-
Priority discrimination is needed. The priority discrimination classes can be hard-coded in the specification; normal reporting, high-priority/alarm/exception report. This needs to be provided by NAS. The final classes are FFS;
-
A barring bitmap is used. The barring bitmap is transmitted separately from other system information and only when access control is enabled;
-
Barring bitmap check is applicable to normal reports. A separate flag is broadcasted which indicates if exception reports are subject to barring bitmap check or not.

The following access control aspects are FFS:

-
whether to introduce a third class of priority, the use case need to be better clarified;

-
whether to introduce barring time;

-
whether change of bitmap will trigger SI change indication;

-
how to spread the load after un-barring / barring change.
X.3.6 Signalling Enhancements
X.3.6.1 General

In the following context "CP solution" means control plane based solution i.e. solution 2 and "UP Solution" means user plane based solution i.e. solution 18 in the TR 23.720 [xx].

The following assumptions are applicable for both CP Solution and UP Solution:

-
As a baseline, LTE UE radio capabilities concept is applicable (i.e. UE can share UE radio capabilities upon network request). Details are FFS;
-
An RRC establishment cause is supported. The RRC connection establishment cause can be used for differentiated handling, e.g. of data and signalling, in AS. It is FFS if anything else is needed;
-
The following values of RRC establishment cause may be applicable for NB-IOT: mt-Access, mo-Signalling, mo-Data, mo-Exception-Data. If different cause values should be used for CP and UP solution is FFS;
-
"wait time" in the RRC connection reject message is supported;
-
It is FFS how the RRC connection is released.
X.3.6.2 CP Solution (Solution 2)

The CP Solution should follow the assumptions listed below:

-
The RRC Connection is established for small data transfer;
-
As a baseline, at most one NAS signalling message or NAS message carrying small data can be piggybacked in RRCConnectionSetupComplete message  in the RRC connection establishment procedure;
-
A UL NAS signalling message or UL NAS message carrying small data can be transmitted in a UL RRC container message. A DL NAS signaling or DL NAS small data can be transmitted in a DL RRC container message;
-
DL information transfer and UL information transfer messages are used to carry small data and carried over SRB1;
-
RRC connection reconfiguration is not required for short RRC connections when the connection is used for small data transfer.  It is FFS if RRC connection reconfiguration is needed;
-
Data radio bearer (DRB) is not used;

-
There seems to be no need for PDCP;
-
AS security is not needed. This can be revisited if need for AS security is found;
-
Differentiation between the different data types (i.e. IP, non-IP or SMS) in the AS is not needed.
X.3.6.3 UP Solution (Solution 18)

The UP Solution should follow the assumptions listed below:

-
A data radio bearer (DRB) is established;
-
PDCP header compression may be used for IP type traffic;
-
UE may retain the AS context in RRC_IDLE mode. This enhanced RRC_IDLE state is referred to as RRC_IDLE but this may be revisited;
-
Introduce a RRC connection suspend procedure, which is used at transition from RRC_CONNECTED to RRC_IDLE state and where the UE stores the AS context;
-
Introduce a RRC connection resume procedure, which is used at transition from RRC_IDLE to RRC_CONNECTED and where previously stored information in the UE as well as in the eNodeB is utilised to resume the RRC connection;
-
At suspend-resume, security is continued. It is FFS how this is done;
-
The RRC connection suspend procedure and the RRC connection resume procedure may be new procedures with new messages, or may be implemented as new IEs in existing LTE procedures. This is FFS;
-
In the message to resume, the UE provides an Identifier to be used by the eNB to access the stored information required to resume the RRC connection. The details of the identifier are FFS;
-
If the resume procedure fails, e.g. if the AS context is not present, we assume that the UE initiates connection setup. It is FFS if this is done in an optimised way or not;
-
It is FFS if DRB can be multiplexed with the message used to resume the connection if the granted transport block size permits.
X.3.7 Other RRC aspects

For network sharing the Stage 3 mechanism follows the principles listed below:

-
The "MOCN" concept of LTE should be supported in NB-IoT by allowing transmission of more than one PLMN Id on the BCCH. Also "GWCN" shall be supported for NB-IoT system.

-
Network sharing support is mandatory for NB-IoT UEs.

-
The multiple PLMN list on the BCCH should use a compact coding as in LTE allowing a significant reduction of bits required to transmit the required PLMN id information.

-
The selected PLMN by the UE is reported by using a "pointer" to the transmission order on the BCCH, as in LTE.

The "cell barring" concept of LTE and the "cell reserved for operator use" concept of LTE are supported.

Counter check is not supported (verification from SA3 is needed).
X.4
User plane 

X.4.1
General aspects

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

X.4.2
MAC

X.4.2.1 General

The MAC layer supports the following functions:

-
RACH procedure;

-
Mapping between logical channels and transport channels (FFS);

-
Multiplexing/De-multiplexing;

-
Scheduling;

-
Priority handling between logical channels of one UE (FFS the extent of this);

-
Discontinuous Reception (DRX) in connected mode (FFS to what extent);

-
BSR report;

-
DL HARQ (one process);

-
UL HARQ (one process).

The following MAC layer functions are assumed not supported:

-
MBMS service; 

-
Semi-Persistent Scheduling;

-
Dedicated Scheduling request;

-
Activation / deactivation (definition needs to be further clarified).

X.4.2.2 Random Access procedure

The contention-based random access is supported for NB-IoT 

Configuration of RACH parameters may be different per coverage level. 

Note: message-based RACH and preamble RACH is pending on decision in RAN1.
RACH attempts/reattempts should follow the assumptions listed below:

-
Multiple RACH attempts are supported;
-
RACH reattempts may be done on the same or different coverage level. The function split between RRC and MAC is FFS, maybe the same split as for eMTC can be used;
-
Triggering too many attempts needs to be avoided. There will be one or more thresholds that limit the number of attempts, MAX NUMBER OF ATTEMPTS or similar per coverage level;
-
MAC indicates random access problem to the RRC layer, when MAC has exhausted all attempts for a RACH procedure.
X.4.2.3
HARQ

A single HARQ process is supported for dedicated transmissions (1 for UL and 1 for DL).
An NB-IoT UE only needs to support half duplex operations.
X.4.2.4
DRX in connected mode

DRX in connected mode is supported, but only one DRX cycle, i.e. "long DRX" is supported. Further signalling optimization is not precluded.
It is beneficial to enable DRX also for short connections, as early as possible.
X.4.2.5
Coverage level
RAN node can determine the UE’s coverage level from the random access procedure. How this is done depends on the physical layer RACH design.

The original eMTC design, e.g. by using S1 Context Release message to indicate coverage level, can be used as the baseline, at least for the UP solution.  

The CN may include coverage enhancement (CE) level information, Global Cell Id and Paging Attempt Count IE in the Paging message to indicate related information to the RAN node.

In idle mode, UEs in general do not make specific access only to report coverage level change.
X.4.3
RLC

The RLC layer supports the following functions:

-
Transfer of upper layer PDUs;

-
Concatenation, segmentation and reassembly of RLC SDUs;
-
RLC AM. The concerns of power consumption, number of transmissions and complexity should be addressed.
The following RLC layer functions are assumed not supported:

-
Reordering of RLC data PDUs (dependent on HARQ mechanism);

-
Duplicate detection (dependent on HARQ mechanism);

-
RLC re-establishment (FFS).
X.4.4
PDCP

The PDCP layer supports the following functions:

-
PDCP SN size is 7 bits (or less); 

-
Transfer of data (user plane or control plane);

-
Header compression and decompression of IP data flows using the ROHC protocol (pending on SA2’s solution input);

-
Ciphering and Integrity Protection (pending on SA3/SA2’s input);

-
Ciphering and deciphering (pending on SA3/SA2’s input).

The PDCP layer may support:

-
Timer-based SDU discard in uplink.

The following PDCP layer functions are assumed not supported:

-
In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM (dependent on support of RRC reestablishment and RLC-AM); 

-
Duplicate detection and duplicate discarding of lower layer SDUs at PDCP re-establishment procedure for RLC AM (dependent on support of RRC reestablishment and RLC-AM);

-
Retransmission of PDCP SDUs at handover for RLC AM;

-
For split bearers, routing and reordering;

-
PDCP status report.
