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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

AC
Access Category

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

ARP
Allocation and Retention Priority

ARQ
Automatic Repeat Request

AS
Access Stratum

BCCH
Broadcast Control Channel

BCH
Broadcast Channel

BL
Bandwidth reduced Low complexity

BR-BCCH
Bandwidth Reduced Broadcast Control Channel

BSR
Buffer Status Report

C/I
Carrier-to-Interference Power Ratio

CA
Carrier Aggregation

CAZAC
Constant Amplitude Zero Auto-Correlation

CBC
Cell Broadcast Center

CC
Component Carrier

CG
Cell Group

CIF
Carrier Indicator Field

CIoT
Cellular Internet of Things

CMAS
Commercial Mobile Alert Service

CMC
Connection Mobility Control

C-plane
Control Plane

C-RNTI
Cell RNTI

CoMP
Coordinated Multi Point

CP
Cyclic Prefix

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
DCN
Dedicated Core Network
DeNB
Donor eNB

DFTS
DFT Spread OFDM

DL
Downlink

DMTC
Discovery Signal Measurement Timing Configuration

DRB
Data Radio Bearer
DRS
Discovery Reference Signal
DRX
Discontinuous Reception

DTCH
Dedicated Traffic Channel

DTX
Discontinuous Transmission

DwPTS
Downlink Pilot Time Slot

E-CID
Enhanced Cell-ID (positioning method)

E-RAB
E-UTRAN Radio Access Bearer

E-UTRA
Evolved UTRA

E-UTRAN
Evolved UTRAN

EAB
Extended Access Barring

ECGI
E-UTRAN Cell Global Identifier

ECM
EPS Connection Management
eHRPD
enhanced High Rate Packet Data

eIMTA
Enhanced Interference Management and Traffic Adaptation

EMM
EPS Mobility Management

eNB
E-UTRAN NodeB

EPC
Evolved Packet Core

EPDCCH
Enhanced Physical Downlink Control Channel

EPS
Evolved Packet System

ETWS
Earthquake and Tsunami Warning System

FDD
Frequency Division Duplex

FDM
Frequency Division Multiplexing

G-RNTI
Group RNTI

GBR
Guaranteed Bit Rate

GERAN
GSM EDGE Radio Access Network

GNSS
Global Navigation Satellite System

GP
Guard Period

GRE
Generic Routing Encapsulation

GSM
Global System for Mobile communication

GUMMEI
Globally Unique MME Identifier

GUTI
Globally Unique Temporary Identifier

GWCN
GateWay Core Network
H-SFN
Hyper System Frame Number

HARQ
Hybrid ARQ

(H)eNB
eNB or HeNB

HO
Handover

HPLMN
Home Public Land Mobile Network

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
L-GW
Local Gateway

LAA
Licensed-Assisted Access
LB
Load Balancing

LBT
Listen Before Talk

LCG
Logical Channel Group

LCR
Low Chip Rate

LCS
LoCation Service

LHN
Local Home Network

LHN ID
Local Home Network ID

LIPA
Local IP Access

LMU
Location Measurement Unit

LPPa
LTE Positioning Protocol Annex

LTE
Long Term Evolution

LWA
LTE-WLAN Aggregation

LWAAP
LTE-WLAN Aggregation Adaptation Protocol

LWIP
LTE WLAN Radio Level Integration with IPsec Tunnel

LWIP-SeGW
LWIP Security Gateway

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

MGW
Media Gateway

MIB
Master Information Block

MIMO
Multiple Input Multiple Output

MME
Mobility Management Entity

MMTEL
Multimedia telephony
MPDCCH
MTC Physical Downlink Control Channel

MSA
MCH Subframe Allocation
MSI
MCH Scheduling Information

MSP
MCH Scheduling Period

MTC
Machine-Type Communications

MTCH
Multicast Traffic Channel

NACK
Negative Acknowledgement

NAS
Non-Access Stratum

NB-IoT
Narrow Band Internet of Things

NCC
Next Hop Chaining Counter

NH
Next Hop key

NNSF
NAS Node Selection Function

NPBCH
Narrowband Physical Broadcast channel

NPDCCH
Narrowband Physical Downlink Control channel

NPDSCH
Narrowband Physical Downlink Shared channel

NPRACH
Narrowband Physical Random Access channel

NPUSCH
Narrowband Physical Uplink Shared channel

NPRS
Narrowband Positioning Reference Signal

NPSS
Narrowband Primary Synchronization Signal
NR
Neighbour cell Relation

NRT
Neighbour Relation Table

NSSS
Narrowband Secondary Synchronization Signal
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

PDCP
Packet Data Convergence Protocol

PDN
Packet Data Network

PDSCH
Physical Downlink Shared CHannel

PDU
Protocol Data Unit

PHICH
Physical Hybrid ARQ Indicator CHannel

PHY
Physical layer

PLMN
Public Land Mobile Network

PMCH
Physical Multicast CHannel

PMK
Pairwise Master Key

PPPP
ProSe Per-Packet Priority

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

PSK
Pre-Shared Key

PSM
Power Saving Mode

PSSCH
Physical Sidelink Shared CHannel

pTAG
Primary Timing Advance Group

PTW
Paging Time Window

PUCCH
Physical Uplink Control CHannel

PUSCH
Physical Uplink Shared CHannel

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

RCLWI
RAN Controlled LTE-WLAN Interworking

RF
Radio Frequency

RIBS
Radio-interface based synchronization
RIM
RAN Information Management

RLC
Radio Link Control

RMTC
RSSI Measurement Timing Configuration

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
S-RSRP
Sidelink Reference Signal Received Power
S1-MME
S1 for the control plane

SAE
System Architecture Evolution

SAP
Service Access Point

SBCCH
Sidelink Broadcast Control Channel

SC-FDMA
Single Carrier – Frequency Division Multiple Access

SC-MCCH
Single Cell Multicast Control Channel

SC-MTCH
Single Cell Multicast Transport Channel

SC-N-RNTI
Single Cell Notification RNTI

SC-PTM
Single Cell Point To Multiploint

SC-RNTI
Single Cell RNTI

SCC
Secondary Component Carrier

SCell
Secondary Cell

SCG
Secondary Cell Group
SCH
Synchronization Channel

SCTP
Stream Control Transmission Protocol

SD-RSRP
Sidelink Discovery Reference Signal Received Power
SDF
Service Data Flow

SDMA
Spatial Division Multiple Access

SDU
Service Data Unit

SeGW
Security Gateway

SeNB
Secondary eNB

SFN
System Frame Number

SI
System Information

SI-RNTI
System Information RNTI

S1-U
S1 for the user plane

SIB
System Information Block

SIPTO
Selected IP Traffic Offload

SIPTO@LN
Selected IP Traffic Offload at the Local Network

SL-BCH
Sidelink Broadcast Channel

SL-DCH
Sidelink Discovery Channel

SL-RNTI
Sidelink RNTI

SL-SCH
Sidelink Shared Channel

SPID
Subscriber Profile ID for RAT/Frequency Priority

SR
Scheduling Request

SRB
Signalling Radio Bearer

sTAG
Secondary Timing Advance Group

STCH
Sidelink Traffic Channel

SU
Scheduling Unit

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

TMGI
Temporary Mobile Group Identity

TNL
Transport Network Layer

TTI
Transmission Time Interval

U-plane
User plane

UE
User Equipment

UL
Uplink

UM
Unacknowledged Mode

UMTS
Universal Mobile Telecommunication System

UpPTS
Uplink Pilot Time Slot

UTRA
Universal Terrestrial Radio Access

UTRAN
Universal Terrestrial Radio Access Network

V2I
Vehicle-to-Infrastructure

V2N
Vehicle-to-Network

V2P
Vehicle-to-Pedestrian
V2V
Vehicle-to-Vehicle

V2X
Vehicle-to-Everything
VRB
Virtual Resource Block

WLAN
Wireless Local Area Network

WT
WLAN Termination
WUS
Wake Up Signal
X2-C
X2-Control plane

X2 GW
X2 GateWay

X2-U
X2-User plane

Xw-C
Xw-Control plane

Xw-U
Xw-User plane
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5
Physical Layer for E-UTRA

Downlink and uplink transmissions are organized into radio frames with 10 ms duration. Three radio frame structures are supported:

-
Type 1, applicable to FDD;

-
Type 2, applicable to TDD;

-
Type 3, applicable to LAA secondary cell operation only.

Frame structure Type 1 is illustrated in Figure 5.1-1. Each 10 ms radio frame is divided into ten equally sized sub-frames. Each sub-frame consists of two equally sized slots. For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain.

[image: image1.emf]#0 #1 #18 #19 #2
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Figure 5.1-1: Frame structure type 1

Frame structure Type 2 is illustrated in Figure 5.1-2. Each 10 ms radio frame consists of two half-frames of 5 ms each. Each half-frame consists of eight slots of length 0.5 ms and three special fields: DwPTS, GP and UpPTS. The length of DwPTS and UpPTS is configurable subject to the total length of DwPTS, GP and UpPTS being equal to 1ms. Both 5ms and 10ms switch-point periodicity are supported. Subframe 1 in all configurations and subframe 6 in configuration with 5ms switch-point periodicity consist of DwPTS, GP and UpPTS. Subframe 6 in configuration with 10ms switch-point periodicity consists of DwPTS only. All other subframes consist of two equally sized slots.

For TDD, GP is reserved for downlink to uplink transition. Other Subframes/Fields are assigned for either downlink or uplink transmission. Uplink and downlink transmissions are separated in the time domain.
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Figure 5.1-2: Frame structure type 2 (for 5ms switch-point periodicity)

Table 5.1-1: Uplink-downlink allocations.

	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Frame structure Type 3 is applicable to LAA secondary cell operation with normal cyclic prefix only. Each 10 ms radio frame is divided into ten equally sized sub-frames. Each sub-frame consists of two equally sized slots. The 10 subframes within a radio frame are available for downlink or uplink transmissions.

Sidelink transmissions are defined for sidelink discovery, sidelink communication and V2X sidelink communication between UEs. The sidelink transmissions use the same frame structure as the frame structure that is defined for uplink and downlink when UEs are in network coverage; however, the sidelink transmission are restricted to a sub-set of the uplink resources in time and frequency domain.

For FDD NB-IoT, the frame structure is described in Sections 5.1.1a and 5.2.1a.

The physical channels of E-UTRA are:

Physical broadcast channel (PBCH)

-
The coded BCH transport block is mapped to four subframes within a 40 ms interval;

-
40 ms timing is blindly detected, i.e. there is no explicit signalling indicating 40 ms timing;

-
Each subframe is assumed to be self-decodable, i.e. the BCH can be decoded from a single reception, assuming sufficiently good channel conditions.

Physical control format indicator channel (PCFICH)

-
Informs the UE and the RN about the number of OFDM symbols used for the PDCCHs;

-
Transmitted in every downlink or special subframe.

Physical downlink control channel (PDCCH)

-
Informs the UE and the RN about the resource allocation of PCH and DL-SCH, and Hybrid ARQ information related to DL-SCH;

-
Carries the uplink scheduling grant;

-
Carries the sidelink scheduling grant.

Enhanced physical downlink control channel (EPDCCH)

-
Informs the UE about the resource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;

-
Carries the uplink scheduling grant;

-
Carries the sidelink scheduling grant.

MTC physical downlink control channel (MPDCCH)

-
Informs the UE about the resource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;

-
Carries the uplink scheduling grant;

-
Carries the direct indication information.

Physical Hybrid ARQ Indicator Channel (PHICH)

-
Carries Hybrid ARQ ACK/NAKs in response to uplink transmissions.

Physical downlink shared channel (PDSCH)

-
Carries the DL-SCH and PCH.

Physical multicast channel (PMCH)

-
Carries the MCH.

Physical uplink control channel (PUCCH)

-
Carries Hybrid ARQ ACK/NAKs in response to downlink transmission;

-
Carries Scheduling Request (SR);

-
Carries CSI reports.

Physical uplink shared channel (PUSCH)

-
Carries the UL-SCH.

Physical random access channel (PRACH)

-
Carries the random access preamble.

Relay physical downlink control channel (R-PDCCH)

-
Informs the RN about the resource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;

-
Carries the uplink scheduling grant.

Physical sidelink broadcast channel (PSBCH)

-
Carries system and synchronization related information, transmitted from the UE.

Physical sidelink discovery channel (PSDCH)

-
Carries sidelink discovery message from the UE.

Physical sidelink control channel (PSCCH)

-
Carries control from a UE for sidelink communication and V2X sidelink communication.

Physical sidelink shared channel (PSSCH)

-
Carries data from a UE for sidelink communication and V2X sidelink communication.
Narrowband Physical broadcast channel (NPBCH)

-
The coded BCH transport block is mapped to sixty four subframes within a 640 ms interval;

-
640 ms timing is blindly detected, i.e. there is no explicit signalling indicating 640 ms timing.
Narrowband Physical downlink shared channel (NPDSCH)
-
Carries the DL-SCH and PCH for NB-IoT UEs.

Narrowband Physical downlink control channel (NPDCCH)

-
Informs the NB-IoT UE about the resource allocation of PCH and DL-SCH;

-
Carries the uplink scheduling grant for the NB-IoT UE;

-
Carries the direct indication information.

Narrowband Physical uplink shared channel (NPUSCH)

-
Carries the UL-SCH and Hybrid ARQ ACK/NAKs in response to downlink transmission for the NB-IoT UE.

Narrowband Physical random access channel (NPRACH)

-
Carries the random access preamble for the NB-IoT UE.

5.1
Downlink Transmission Scheme

5.1.1
Basic transmission scheme based on OFDM

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. The OFDM sub-carrier spacing is (f = 15 kHz. 12 consecutive sub-carriers during one slot correspond to one downlink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per CC or per Cell in case of CA or DC.

In addition, there are also two a reduced sub-carrier spacings, (flow = 7.5 kHz and (flow2 = 1.25 kHz for both MBMS-dedicated cell and MBMS/Unicast-mixed cell.

In the case of 15 kHz sub-carrier spacing there are two cyclic-prefix lengths, corresponding to seven and six OFDM symbols per slot respectively.

-
Normal cyclic prefix: TCP = 160(Ts (OFDM symbol #0) , TCP = 144(Ts (OFDM symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (OFDM symbol #0 to OFDM symbol #5)

where Ts = 1/ (2048 ( (f)

In case of 7.5 kHz sub-carrier spacing, there is only a single cyclic prefix length TCP-low = 1024(Ts, corresponding to 3 OFDM symbols per slot.

In case of 1.25 kHz sub-carrier spacing, there is only a single cyclic prefix length TCP-low2 = 6144(Ts, corresponding to 1 OFDM symbol per subframe.

In case of FDD, operation with half duplex from UE point of view is supported.

5.1.1a
Basic transmission scheme based on OFDM for NB-IoT

The downlink transmission scheme for NB-IoT is as described in Section 5.1.1, with the differences that in the frequency domain, there is one resource block for an NB-IoT carrier, the OFDM sub-carrier spacing (f = 15 kHz always, and only operation with half duplex from NB-IoT UE point of view is supported. There can be more than one NB-IoT carrier configured as described in Section 5.5a.

5.1.2
Physical-layer processing

The downlink physical-layer processing of transport channels consists of the following steps:

-
CRC insertion: 24 bit CRC for PDSCH and NPDSCH;

-
Channel coding: Turbo coding based on QPP inner interleaving with trellis termination, or Tail Biting Convolutional Coding for NPDSCH;

-
Physical-layer hybrid-ARQ processing;

-
Channel interleaving;

-
Scrambling: transport-channel specific scrambling on DL-SCH, BCH, and PCH. Common MCH scrambling for all cells involved in a specific MBSFN transmission;

-
Modulation: QPSK, 16QAM, 64QAM, and 256QAM;

-
Layer mapping and pre-coding;

-
Mapping to assigned resources and antenna ports.

5.1.3
Physical downlink control channels

The downlink control signalling (PDCCH) is located in the first n OFDM symbols where n ( 4 and consists of:

-
Transport format and resource allocation related to DL-SCH and PCH, and hybrid ARQ information related to DL-SCH;

-
Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;

-
Resource allocation information related to SL-SCH and PSCCH.

Transmission of control signalling from these groups is mutually independent.

Multiple physical downlink control channels are supported and a UE monitors a set of control channels.

Control channels are formed by aggregation of control channel elements, each control channel element consisting of a set of resource elements. Different code rates for the control channels are realized by aggregating different numbers of control channel elements.

QPSK modulation is used for all control channels.

Each separate control channel has its own set of x-RNTI.

There is an implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback.

The physical layer supports R-PDCCH for the relay.

The enhanced physical downlink control channel (EPDCCH) carries UE-specific signalling. It is located in UE-specifically configured physical resource blocks and consists of:

-
Transport format, resource allocation, and hybrid ARQ information related to DL-SCH;

-
Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;

-
Resource allocation information related to SL-SCH and PSCCH.

Multiple EPDCCHs are supported and a UE monitors a set of EPDCCHs.

EPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element consisting of a set of resource elements. Different code rates for EPDCCHs are realized by aggregating different numbers of enhanced control channel elements. An EPDCCH can use either localized or distributed transmission, differing in the mapping of enhanced control channel elements to the resource elements in the PRBs.

EPDCCH supports C-RNTI and SPS C-RNTI and SL-RNTI and SRS-TPC-RNTI. If configured, EPDCCH is applicable in the same way as PDCCH unless otherwise specified.

The MTC physical downlink control channel (MPDCCH) is used for bandwidth-reduced operation and carries common and UE-specific signalling.

Multiple MPDCCHs are supported and a UE monitors a set of MPDCCHs.

MPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element consisting of a set of resource elements. Different code rates for MPDCCHs are realized by aggregating different numbers of enhanced control channel elements. An MPDCCH can use either localized or distributed transmission, differing in the mapping of enhanced control channel elements to the resource elements in the PRBs.

MPDCCH supports RA-RNTI, P-RNTI, C-RNTI, Temporary C-RNTI, SPS C-RNTI, SC-RNTI and G-RNTI.

For NB-IoT, the narrowband physical downlink control channel (NPDCCH) is located in available symbols of configured subframes. Within a PRB pair, two control channel elements are defined, with each control channel element composed of resources within a subframe. NPDCCH supports aggregations of 1 and 2 control channel elements and repetition. NPDCCH supports C-RNTI, Temporary C-RNTI, P-RNTI, RA-RNTI, SC-RNTI, and G-RNTI.
5.1.4
Downlink Reference signal and synchronization signals

The downlink cell-specific reference signals consist of known reference symbols inserted in the first and third last OFDM symbol of each slot for antenna port 0 and 1. There is one cell-specific reference signal transmitted per downlink antenna port. The number of downlink antenna ports for the transmission of cell-specific reference signals equals 1, 2, or 4.

Physical layer provides 504 unique cell identities using Synchronization signals.

The downlink MBSFN reference signals consist of known reference symbols inserted every other sub-carrier in the 3rd, 7th and 11th OFDM symbol of sub-frame in case of 15kHz sub-carrier spacing and extended cyclic prefix; every four subcarriers in the 2nd, 4th and 6th symbol of sub-frame in case of 7.5kHz sub-carrier spacing; and every six subcarriers in the single symbol of subframe in case of 1.25kHz sub-carrier spacing.

In addition to cell-specific reference signals and MBSFN reference signals, the physical layer supports UE-specific reference signals, positioning reference signals, CSI reference signals, and discovery signals.
A UE may assume presence of the discovery signals consisting of cell-specific reference signals, primary and secondary synchronization signals, configurable resynchronization signals, and configurable CSI reference signals.

5.1.4a
Downlink Reference signal and synchronization signals for NB-IoT

The downlink narrowband reference signal consists of known reference symbols inserted in the last two OFDM symbols of each slot for NB-IoT antenna port 0 and 1, except invalid subframes and subframes transmitting NPSS or NSSS. There is one narrowband reference signal transmitted per downlink NB-IoT antenna port. The number of downlink NB-IoT antenna ports equals 1 or 2.
In addition to narrowband reference signals, the physical layer supports Narrowband Positioning Reference Signals (NPRS).

Physical layer provides 504 unique cell identities using the narrowband secondary synchronization signal. It is indicated whether or not the UE may assume the cell ID is identical for NB-IoT and LTE. In case the cell IDs are identical, a UE may use the downlink cell-specific reference signals for demodulation and/or measurements when the number of NB-IoT antenna ports is the same as the number of downlink cell-specific reference signal antenna ports.

5.1.5
Downlink multi-antenna transmission

Multi-antenna transmission with up to 8 transmit antennas is supported. The maximum number of codeword is two irrespective to the number of antennas with fixed mapping between code words to layers.

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency (-code) resource, also referred to as Single-User MIMO (SU-MIMO) is supported. When a MIMO channel is solely assigned to a single UE, it is known as SU-MIMO. Spatial division multiplexing of modulation symbol streams to different UEs using the same time-frequency resource, also referred to as MU-MIMO, is also supported.

In addition, the following techniques are supported:

-
Code-book-based pre-coding with a single pre-coding feedback per full system bandwidth when the system bandwidth (or subset of resource blocks) is smaller or equal to12RB and per 5 adjacent resource blocks or the full system bandwidth (or subset of resource blocks) when the system bandwidth is larger than 12RB.

-
Non-code-book-based pre-coding with or without pre-coding feedback.

-
Rank adaptation with single rank feedback referring to full system bandwidth. Node B can override rank report.
-
Non-precoded CSI-RS operation is supported by CLASS A eMIMO-Type with one CSI-RS resource. This operation comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage.
-
Beamformed CSI-RS operation is supported by CLASS B eMIMO-Type with one or more CSI-RS resources. This operation comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions.

5.1.5a
Downlink multi-antenna transmission for NB-IoT

Transmit diversity, specifically space frequency block coding (SFBC), is supported if two NB-IoT antenna ports are used.
5.1.6
MBSFN transmission

MBSFN is supported for the MCH transport channel. Multiplexing of transport channels using MBSFN and non-MBSFN transmission is done on a per-sub-frame basis. Additional reference symbols, transmitted using MBSFN are transmitted within MBSFN subframes.

5.1.7
Physical layer procedure

5.1.7.1
Link adaptation

Link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel. The same coding and modulation is applied to all groups of resource blocks belonging to the same L2 PDU scheduled to one user within one TTI and within a single stream.

5.1.7.2
Power Control

Downlink power control can be used.

5.1.7.3
Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth corresponding to 72 sub-carriers and upwards.

E-UTRA cell search is based on following signals transmitted in the downlink: the primary and secondary synchronization signals. If a resynchronization signal is transmitted in the downlink, it can be used to re-acquire time and frequency synchronization with the cell.
The primary and secondary synchronization signals are transmitted over the centre 72 sub-carriers in the first and sixth subframe of each frame. The time and frequency positions of the resynchronization signal (if transmitted) are configurable.
Neighbour-cell search is based on the same downlink signals as initial cell search.
5.1.7.3a
Cell search for NB-IoT

NB-IoT is based on following signals transmitted in the downlink: the primary and secondary narrowband synchronization signals. The narrowband primary synchronization sequence is transmitted over 11 sub-carriers from the first subcarrier to the eleventh subcarrier in the sixth subframe of each frame, and the narrowband secondary synchronization sequence is transmitted over 12 sub-carriers in the NB-IoT carrier in the tenth subframe of every other frame.
5.1.8
Physical layer measurements definition

The physical layer measurements to support mobility are classified as:

-
within E-UTRAN (intra-frequency, inter-frequency);

-
between E-UTRAN and GERAN/UTRAN (inter-RAT);

-
between E-UTRAN and non-3GPP RAT (Inter 3GPP access system mobility).

For measurements within E-UTRAN two basic UE measurement quantities shall be supported:

-
Reference signal received power (RSRP);

-
Reference signal received quality (RSRQ).

In addition, the following UE measurement quantity may be supported:
-
Received signal strength indicator (RSSI);

-
Reference signal signal to noise and interference ratio (RS-SINR).
RSRP measurement is based on the following signals:

-
Cell-specific reference signals; or

-
CSI reference signals in configured discovery signals.

5.1.9
Coordinated Multi-Point transmission

For DL CoMP, multiple transmission points are coordinated in their downlink data transmission.

The UE may be configured to measure and report the CSI of a set of non-zero power CSI-RS resources.

The UE may also be configured with one or more interference measurements. Each interference measurement is associated with one CSI-interference measurement (CSI-IM) resource, which is a set of REs on which the UE measures interference.

The UE may also be configured with multiple CSI processes. Each CSI process defines the CSI measurement associated with one non-zero power CSI-RS resource and one CSI-IM resource.
5.1.x
Wake-up signal for BL UE or UE in enhanced coverage

The wake-up signal is transmitted over 2 physical resource blocks in the frequency domain in available symbols of configured subframes. It conveys 504 unique cell identities, as per the secondary synchronization signal.
5.2
Uplink Transmission Scheme

5.2.1
Basic transmission scheme

For both FDD and TDD, the uplink transmission scheme is based on single-carrier FDMA, more specifically DFTS-OFDM. It also supports multi-cluster assignment of DFTS-OFDM.
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Figure 5.2.1-1: Transmitter scheme of SC-FDMA
The uplink sub-carrier spacing (f = 15 kHz. The sub-carriers are grouped into sets of 12 consecutive sub-carriers, corresponding to the uplink resource blocks. 12 consecutive sub-carriers during one slot correspond to one uplink resource block. In the frequency domain, the number of resource blocks, NRB, can range from NRB-min = 6 to NRB-max = 110 per carrier or per CC in case of CA or DC.

There are two cyclic-prefix lengths defined: Normal cyclic prefix and extended cyclic prefix corresponding to seven and six SC-FDMA symbol per slot respectively.

-
Normal cyclic prefix: TCP = 160(Ts (SC-FDMA symbol #0) , TCP = 144(Ts (SC-FDMA symbol #1 to #6)

-
Extended cyclic prefix: TCP-e = 512(Ts (SC-FDMA symbol #0 to SC-FDMA symbol #5)

5.2.1a
Basic transmission scheme for NB-IoT

For NB-IoT uplink transmission, both single-tone transmission and multi-tone transmission are defined.

For single-tone transmission, there are two numerologies defined: 3.75 kHz and 15 kHz subcarrier spacing, based on single-carrier FDMA as described in Section 5.2.1, with the following differences: In the frequency domain, resource blocks are not defined. If the uplink sub-carrier spacing (f = 15 kHz, there are 12 consecutive sub-carriers. If the uplink sub-carrier spacing (f = 3.75 kHz, there are 48 consecutive sub-carriers.

Single-tone transmission with 3.75 kHz subcarrier spacing is organized into slots with 2ms duration, each of which consists of seven symbols located from beginning of the slot. The slot boundary is aligned with sub-frame boundaries of frame structure Type 1. One symbol of 3.75 kHz subcarrier spacing consists of 8448 Ts of symbol with CP length of 256Ts. The remaining time (2304Ts) of the slot is used as a guard period.
Multi-tone transmission is based on single-carrier FDMA as described in Section 5.2.1, with the difference that resource blocks are not defined. There are 12 consecutive uplink sub-carriers with uplink sub-carrier spacing (f = 15 kHz. The sub-carriers can be grouped into sets of 3, 6, or 12 consecutive subcarriers.

A resource unit, schedulable for single-tone NPUSCH with UL-SCH transmission, is defined as a single 3.75 kHz sub-carrier for 32 ms or a single 15 kHz sub-carrier for 8 ms. A resource unit, schedulable for multi-tone NPUSCH with UL-SCH transmission is defined as 3 sub-carriers for 4 ms; or 6 sub-carriers for 2 ms; or 12 sub-carriers for 1ms. A resource unit, schedulable for NPUSCH with ACK/NAK transmission, is defined as a single 3.75 kHz sub-carrier for 8 ms or a single 15 kHz sub-carrier for 2 ms.

A UL-SCH transport block can be scheduled over one or more than one resource unit in time.

5.2.2
Physical-layer processing

The uplink physical layer processing of transport channels consists of the following steps:

-
CRC insertion: 24 bit CRC for PUSCH and NPUSCH;

-
Channel coding: turbo coding based on QPP inner interleaving with trellis termination;

-
Physical-layer hybrid-ARQ processing;

-
Scrambling: UE-specific scrambling;

-
Modulation: QPSK, 16QAM, 64QAM and 256 QAM (64 QAM and 256 QAM optional in UE) for full-PRB transmission of PUSCH, and π/2-BPSK and QPSK for sub-PRB transmission of PUSCH (optional in UE); π/2-BPSK and π/4-QPSK in single-tone transmission of NPUSCH, and QPSK for multi-tone transmission of NPUSCH;

-
Mapping to assigned resources and antennas ports.

5.2.3
Physical uplink control channel

The PUCCH shall be mapped to a control channel resource in the uplink.

Depending on presence or absence of uplink timing synchronization, the uplink physical control signalling for scheduling request can differ.

In the case of time synchronization being present for the pTAG, the outband control signalling consists of:

-
CSI;

-
ACK/NAK;

-
Scheduling Request (SR).

The CSI informs the scheduler about the current channel conditions as seen by the UE. If MIMO transmission is used, the CSI includes necessary MIMO-related feedback.

The HARQ feedback in response to downlink data transmission consists of a single ACK/NAK bit per transport block in case of non-bundling configuration.

PUCCH resources for SR and CSI reporting are assigned and can be revoked through RRC signalling. An SR is not necessarily assigned to UEs acquiring synchronization through the RACH (i.e. synchronised UEs may or may not have a dedicated SR channel). PUCCH resources for SR and CSI are lost when the UE is no longer synchronized.

PUCCH is transmitted on PCell, PUCCH SCell (if such is configured in CA) and on PSCell (in DC).

The physical layer supports simultaneous transmission of PUCCH and PUSCH.

5.2.3a
Uplink control information for NB-IoT

The uplink control information consists of:

-
ACK/NAK corresponding to NPDSCH;
ACK/NAK corresponding to NPDSCH is transmitted with single-tone transmission on NPUSCH, with frequency resource and time resource indicated by downlink grant.

5.2.4
Uplink Reference signal

For PUSCH demodulation, uplink demodulation reference signals are transmitted in the 4-th block of the slot in normal CP. Uplink demodulation reference signals are also transmitted for PUCCH demodulation. The uplink demodulation reference signals sequence length equals the size (number of sub-carriers) of the assigned resource.

The uplink reference signals are based on sequences having constant amplitude and zero autocorrelation.

For full-PRB transmission, multiple reference signals can be created:

-
Based on different base sequences;

-
Different shifts of the same sequence;

-
Different orthogonal sequences (OCC) on DM RS.
For sub-PRB transmission of PUSCH, multiple reference signals can be created:

-
Based on different base sequences;

-
Different cyclic shifts of the same sequence;
-
A common Gold sequence.
In addition to demodulation reference signals, the physical layer supports sounding reference signals (SRS).

5.2.4a
Uplink Reference signal for NB-IoT
For single-tone NPUSCH with UL-SCH demodulation, uplink demodulation reference signals are transmitted in the 4-th block of the slot for 15 kHz subcarrier spacing, and in the 5-th block of the slot for 3.75 kHz subcarrier spacing. For multi-tone NPUSCH with UL-SCH demodulation, uplink demodulation reference signals are transmitted in the 4-th block of the slot. The uplink demodulation reference signals sequence length is 16 for single-tone NPUSCH with UL-SCH transmission, and equals the size (number of sub-carriers) of the assigned resource for multi-tone transmission.
For single-tone NPUSCH with UL-SCH transmission, multiple narrow band reference signals can be created:

-
Based on different base sequences;

-
A common Gold sequence.
For multi-tone NPUSCH with UL-SCH transmission, multiple narrow band reference signals are created:

-
Based on different base sequences;

-
Different cyclic shifts of the same sequence.

For NPUSCH with ACK/NAK demodulation, uplink demodulation reference signals are transmitted in the 3-rd, 4-th and 5-th block of the slot for 15 kHz subcarrier spacing, and in the 1-st, 2-nd and 3-rd block of the slot for 3.75 kHz subcarrier spacing. Multiple narrow band reference signals can be created:

-
Based on different base sequences;

-
A common Gold sequence;

-
Different orthogonal sequences (OCC).
5.2.5
Random access preamble

The physical layer random access burst consists of a cyclic prefix, a preamble, and a guard time during which nothing is transmitted.

The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, ZC-ZCZ, generated from one or several root Zadoff-Chu sequences.

5.2.5a
Random access preamble for NB-IoT

The physical layer random access transmission uses a 3.75 kHz sub-carrier spacing and consists of symbol groups with frequency hopping between symbol groups. Each symbol group has a cyclic prefix and a preamble. Symbol groups hop by one or six sub-carriers in frequency, and repetitions of groups of symbol groups hop by a pseudo-random number of sub-carriers in frequency. There are two possible cyclic prefix lengths for the random access transmission symbol groups, suitable for different maximum cell sizes.
5.2.6
Uplink multi-antenna transmission
The antenna configuration for uplink supports both SU-MIMO and MU-MIMO.

Closed loop and open loop types of adaptive antenna selection transmit diversity are supported for both FDD and TDD by physical layer.

The physical layer supports transmit diversity of some control formats.

5.2.7
Physical channel procedure

5.2.7.1
Link adaptation

Uplink link adaptation is used in order to guarantee the required minimum transmission performance of each UE such as the user data rate, packet error rate, and latency, while maximizing the system throughput.

Three types of link adaptation are performed according to the channel conditions, the UE capability such as the maximum transmission power and maximum transmission bandwidth etc., and the required QoS such as the data rate, latency, and packet error rate etc. Three link adaptation methods are as follows.

-
Adaptive transmission bandwidth;

-
Transmission power control;

-
Adaptive modulation and channel coding rate.

5.2.7.2
Uplink Power control

Intra-cell power control: the power spectral density of the uplink transmissions can be influenced by the eNB. For DC, two types of power control modes are defined, mode 1 and mode 2 as specified in TS 36.213 [6]. A UE capable of DC supports at least power control mode 1 and the UE may additionally support power control mode 2. In both modes, the UE is configured with a minimum guaranteed power for each CG, as a ratio of the configured maximum UE output power Pcmax (see TS 36.101 [52] ). In power control mode 1, UE allocates up to the minimum guaranteed power to each CG and any remaining power is shared across MCG and SCG on a per transmission basis according to a priority order based on UCI type. In power control mode 2, the UE reserves the minimum guaranteed power to each CG and any remaining power is first made available to the CG where transmission starts the earliest in time.
5.2.7.3
Uplink timing control

The timing advance is derived from the UL received timing and sent by the eNB to the UE which the UE uses to advance/delay its timings of transmissions to the eNB so as to compensate for propagation delay and thus time align the transmissions from different UEs with the receiver window of the eNB.

The timing advance command for each TAG is on a per need basis with a granularity in the step size of 0.52 (s (16(Ts).

5.2.8
Coordinated Multi-Point reception

For UL CoMP, multiple reception points are coordinated in their uplink data reception.

The UE may be configured with UE-specific parameters of PUSCH DMRS sequence and cyclic shift hopping, PUCCH sequence, and PUCCH region for hybrid-ARQ feedback. These UE-specific parameters can be configured independently of the physical cell identity of the UE's serving cell.

5.3
Transport Channels

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services are described by how and with what characteristics data are transferred over the radio interface. An adequate term for this is "Transport Channel".

NOTE:
This should be clearly separated from the classification of what is transported, which relates to the concept of logical channels at MAC sublayer.

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
fixed, pre-defined transport format;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:

-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;

NOTE:
the possibility to use slow power control depends on the physical layer.

3.
Paging Channel (PCH) characterised by:

-
support for UE discontinuous reception (DRX) to enable UE power saving (DRX cycle is indicated by the network to the UE);

-
requirement to be broadcast in the entire coverage area of the cell;

-
mapped to physical resources which can be used dynamically also for traffic/other control channels.

4.
Multicast Channel (MCH) characterised by:

-
requirement to be broadcast in the entire coverage area of the cell;

-
support for MBSFN combining of MBMS transmission on multiple cells;

-
support for semi-static resource allocation e.g. with a time frame of a long cyclic prefix.

Uplink transport channel types are:

1.
Uplink Shared Channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for both dynamic and semi-static resource allocation.

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.

2.
Random Access Channel(s) (RACH) characterised by:

-
limited control information;

-
collision risk.

NOTE:
The possibility to use open loop power control depends on the physical layer solution.

Sidelink transport channel types are:

1.
Sidelink broadcast channel (SL-BCH) characterised by:

-
pre-defined transport format.

2.
Sidelink discovery channel (SL-DCH) characterised by:

-
fixed size, pre-defined format periodic broadcast transmission;

-
support for both UE autonomous resource selection and scheduled resource allocation by eNB;

-
collision risk due to support of UE autonomous resource selection; no collision when UE is allocated dedicated resources by the eNB;

-
support for HARQ combining, but no support for HARQ feedback.
NOTE:
the possibility to use uplink synchronisation and timing advance depends on the physical layer.

3.
Sidelink shared channel (SL-SCH) characterised by:

-
support for broadcast transmission;

-
support for both UE autonomous resource selection and scheduled resource allocation by eNB;

-
collision risk due to support of UE autonomous resource selection; no collision when UE is allocated dedicated resources by the eNB;

-
support for HARQ combining, but no support for HARQ feedback;

-
support for dynamic link adaptation by varying the transmit power, modulation and coding.

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.

5.3.1
Mapping between transport channels and physical channels
The figures below depict the mapping between transport and physical channels:
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Figure 5.3.1-1: Mapping between downlink transport channels and downlink physical channels
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Figure 5.3.1-2: Mapping between uplink transport channels and uplink physical channels
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Figure 5.3.1-3: Mapping between sidelink transport channels and sidelink physical channels

5.3.1a
Mapping between transport channels and narrowband physical channels

The figures below depict the mapping between transport and narrowband physical channels:

[image: image7.emf] 

BC H  

PCH  

DL - SCH  

Downlink   Transport channels  

NPBCH  

NPDSCH   NPDCC H  

Downlink   Physical   channels  


Figure 5.3.1a-1: Mapping between downlink transport channels and downlink narrowband physical channels
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Figure 5.3.1a-2: Mapping between uplink transport channels and uplink narrowband physical channels
5.4
E-UTRA physical layer model

The E-UTRAN physical layer model is captured in TS 36.302 [9].

5.4.1
Void

5.4.2
Void

5.5
Carrier Aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 640MHz. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities:

-
A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

-
A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). E-UTRAN ensures that each TAG contains at least one serving cell;

-
A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs with each CC limited to a maximum of 110 Resource Blocks in the frequency domain using the Rel-8/9 numerology.

CA is supported both between same and different duplex CCs.

It is possible to configure a UE to aggregate a different number of CCs originating from the same eNB and of possibly different bandwidths in the UL and the DL:

-
The number of DL CCs that can be configured depends on the DL aggregation capability of the UE;

-
The number of UL CCs that can be configured depends on the UL aggregation capability of the UE;

-
It is not possible to configure a UE with more UL CCs than DL CCs;

-
In typical TDD deployments, the number of CCs and the bandwidth of each CC in UL and DL is the same.

-
The number of TAGs that can be configured depends on the TAG capability of the UE.

CCs originating from the same eNB need not to provide the same coverage.

CCs shall be LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g. barring) may be used to avoid Rel-8/9 UEs to camp on a CC.

The spacing between centre frequencies of contiguously aggregated CCs shall be a multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency raster of Rel-8/9 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n ( 300 kHz spacing can be facilitated by insertion of a low number of unused subcarriers between contiguous CCs.

For TDD CA, the downlink/uplink configuration is identical across component carriers in the same band and may be the same or different across component carriers in different bands.

5.5a
Multi-carrier operation for NB-IoT

For NB-IoT, multi-carrier operation is supported.

The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a non-anchor carrier, for all unicast transmissions. The UE in RRC_IDLE, based on broadcast/multicast signaling, can use a non-anchor carrier for SC-PTM reception. The UE in RRC_IDLE can, based on broadcast signaling, use a non-anchor carrier for paging reception. The UE in RRC_IDLE or RRC_CONNECTED, based on broadcast signaling, can use a non-anchor carrier for random access. If the non-anchor carrier is not configured for the UE, all transmissions occur on the anchor carrier. The valid anchor and non-anchor carrier combinations are provided in Table 5.5a-1.

Table 5.5a-1: Anchor and non-anchor carrier deployment combinations

	
	Anchor Carrier

	
	
	In-band
	Guard-band
	Standalone

	Non-Anchor Carrier
	In-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Guard-band
	Valid (Note 1)
	Valid (Note 1)
	Invalid

	
	Standalone
	Invalid
	Invalid
	Valid (Note 2)


NOTE 1:
Both carriers associated with the same LTE cell.

NOTE 2:
Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised.
5.5.1
SRS switching between component carriers

A UE supporting CA can be capable of aggregating more downlink CCs than uplink CCs, and hence a TDD CC may operate in downlink without PUCCH/PUSCH. A UE may be configured with SRS switching between CCs so that SRS can be transmitted on a TDD CC configured without PUCCH/PUSCH. When such SRS needs to be transmitted on a TDD CC without PUCCH/PUSCH, the UE may transmit SRS on the TDD CC or skip the SRS transmission on the TDD CC depending on the priority order for the operation of SRS switching between CCs.

5.6
Sidelink

Sidelink comprises sidelink discovery, sidelink communication and V2X sidelink communication between UEs. Sidelink uses uplink resources and physical channel structure similar to uplink transmissions. However, some changes, noted below, are made to the physical channels.

5.6.1
Basic transmission scheme

Sidelink transmission uses the same basic transmission scheme as the UL transmission scheme. However, sidelink is limited to single cluster transmissions for all the sidelink physical channels. Further, sidelink uses a 1 symbol gap at the end of each sidelink sub-frame. For V2X sidelink communication, PSCCH and PSSCH are transmitted in the same subframe.
5.6.2
Physical-layer processing

The sidelink physical layer processing of transport channels differs from UL transmission in the following steps:

-
Scrambling: for PSDCH and PSCCH, the scrambling is not UE-specific;

-
Modulation: 64 QAM and 256 QAM is not supported for sidelink.

5.6.3
Physical Sidelink control channel

PSCCH is mapped to the sidelink control resources.

PSCCH indicates resource and other transmission parameters used by a UE for PSSCH.

5.6.4
Sidelink reference signals

For PSDCH, PSCCH and PSSCH demodulation, reference signals similar to uplink demodulation reference signals are transmitted in the 4-th symbol of the slot in normal CP and in the 3rd symbol of the slot in extended cyclic prefix. The sidelink demodulation reference signals sequence length equals the size (number of sub-carriers) of the assigned resource. For V2X sidelink communication, reference signals are transmitted in 3rd and 6th symbols of the first slot and 2nd and 5th symbols of the second slot in normal CP.
For PSDCH and PSCCH, reference signals are created based on a fixed base sequence, cyclic shift and orthogonal cover code. For V2X sidelink communication, cyclic shift for PSCCH is randomly selected in each transmission.
5.6.5
Physical channel procedure

5.6.5.1
Sidelink power control

For in-coverage operation, the power spectral density of the sidelink transmissions can be influenced by the eNB.

5.6.6
Physical layer measurements definition
For measurement on the sidelink, the following basic UE measurement quantities are supported:

-
Sidelink reference signal received power (S-RSRP).
-
Sidelink discovery reference signal received power (SD-RSRP).

-
PSSCH reference signal received power (PSSCH-RSRP).

-
Sidelink reference signal strength indicator (S-RSSI).
5.7
Licensed-Assisted Access

Carrier aggregation with at least one SCell operating in the unlicensed spectrum is referred to as Licensed-Assisted Access (LAA). In LAA, the configured set of serving cells for a UE therefore always includes at least one SCell operating in the unlicensed spectrum according to Frame structure Type 3, also called LAA SCell. Unless otherwise specified, LAA SCells act as regular SCells.

If the absence of IEEE802.11n/11ac devices sharing the carrier cannot be guaranteed on a long term basis (e.g., by level of regulation), and for this release if the maximum number of unlicensed channels that E-UTRAN can simultaneously transmit on is equal to or less than 4, the maximum frequency separation between any two carrier center frequencies on which LAA SCell transmissions are performed should be less than or equal to 62MHz. The UE is required to support frequency separation in accordance with TS 36.133 [21].

LAA eNB and UE apply Listen-Before-Talk (LBT) before performing a transmission on LAA SCell. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy. If the channel is determined to be free, the transmitter may perform the transmission; otherwise, it does not perform the transmission. If an LAA eNB uses channel access signals of other technologies for the purpose of LAA channel access, it shall continue to meet the LAA maximum energy detection threshold requirement.

The combined time of transmissions compliant with the channel access procedure described in section 15.1.2 of [6] by an eNB should not exceed 50 ms in any contiguous 1 second period on an LAA SCell.
Which LBT type (i.e. type 1 or type 2 uplink channel access) the UE applies is signalled via uplink grant for uplink PUSCH transmission on LAA SCells.

For uplink LAA operation, the eNB shall not schedule the UE more subframes than the minimum necessary to transmit all the traffic corresponding to the selected Channel Access Priority Class or lower (i.e, with a lower number in the Table 5.7.1-1), than the:
-
Channel Access Priority Class signaled in UL grant based on the latest BSR and received uplink traffic from the UE if type 1 uplink channel access procedure (see section 15.2.1.1 of [6]) is signalled to the UE;

-
Channel Access Priority Class used by the eNB based on the downlink traffic, the latest BSR and received UL traffic from the UE if type 2 uplink channel access procedure (see section 15.2.1.2 of [6]) is signalled to the UE.

5.7.1
Channel Access Priority Classes

Four Channel Access Priority Classes are defined in [6] which can be used when performing uplink and downlink transmissions in LAA carriers. Table 5.7.1-1 shows which Channel Access Priority Class should be used by traffic belonging to the different standardized QCIs. A non-standardized QCI (i.e. Operator specific QCI) should use suitable Channel Access Priority Class based on the below table, i.e. the Channel Access Priority Class used for a non-standardized QCI should be the Channel Access Priority Class of the standardized QCIs which best matches the traffic class of the non-standardized QCI.
For uplink, the eNB selects the Channel Access Priority Class by taking into account the lowest priority QCI in a Logical Channel Group.

Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI

	Channel Access Priority Class (
[image: image9.wmf]p

)
	QCI

	1
	1, 3, 5, 65, 66, 69, 70

	2
	2, 7

	3
	4, 6, 8, 9

	4
	-


5.7.2
Multiplexing of data

Four Channel Access Priority Classes are defined in [6]. If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using Channel Access Priority Class P (1...4), E-UTRAN shall ensure the following where a DL transmission burst refers to the continuous transmission by E-UTRAN after a successful LBT:

-
the transmission duration of the DL transmission burst shall not exceed the minimum duration needed to transmit all available buffered traffic corresponding to Channel Access Priority Class(es) ≤ P;

-
the transmission duration of the DL transmission burst shall not exceed the Maximum Channel Occupancy Time (
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cot,

 as defined in Table 15.1.1-1 of [6]) for Channel Access Priority Class P;

-
additional traffic corresponding to Channel Access Priority Class(s) > P may only be included in the DL transmission burst once no more data corresponding to Channel Access Priority Class ≤ P is available for transmission. In such cases, E-UTRAN should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic.
For uplink PUSCH transmission, there is no additional restriction at the UE (other than the multiplexing rules defined in section 5.4.3 of [13]) on the type of the traffic that can be carried in the scheduled subframes.
	Next change


9.1
HARQ principles

The HARQ within the MAC sublayer has the following characteristics:

-
HARQ transmits and retransmits transport blocks;

-
In the downlink:

-
N-process Stop-And-Wait;

-
Asynchronous adaptive HARQ;

-
Uplink ACK/NAKs in response to downlink (re)transmissions are sent on PUCCH or PUSCH (except for NB-IoT);
-
For BL UEs or UEs in enhanced coverage, uplink ACK/NAKs are sent in response to transmission bundles;

-
For NB-IoT, Uplink ACK/NAKs in response to downlink (re)transmissions are sent on NPUSCH;
-
PDCCH, MPDCCH or NPDCCH signals the HARQ process identifier (except for NB-IoT when only one HARQ process is configured) and if it is a transmission or retransmission;

-
Retransmissions are always scheduled through PDCCH, MPDCCH or NPDCCH.

-
In the uplink:

-
N-process Stop-And-Wait;

-
Synchronous HARQ (except for NB-IoT, BL UEs, UEs in enhanced coverage, SCells configured with uplink LAA and PUSCH enhancement mode);

-
Asynchronous adaptive HARQ for NB-IoT, BL UEs, UEs in enhanced coverage, for SCells configured with uplink LAA or PUSCH enhancement mode;

-
Maximum number of retransmissions configured per UE (as opposed to per radio bearer) for synchronous HARQ;
-
For asynchronous adaptive HARQ, HARQ process identifier is either signalled by PDCCH, MPDCCH or NPDCCH, except for NB-IoT when only one HARQ process is configured the HARQ process identifier is fixed (see subclause 5.4.2.1 in [13]).
-
Downlink ACK/NAKs in response to uplink (re)transmissions are sent on PHICH except for asynchronous adaptive HARQ;
-
HARQ operation in uplink is governed by the following principles (summarized in Table 9.1-1) except for asynchronous adaptive HARQ:

1)
Regardless of the content of the HARQ feedback (ACK or NACK), when a PDCCH for the UE is correctly received, the UE follows what the PDCCH asks the UE to do i.e. perform a transmission or a retransmission (referred to as adaptive retransmission);

2)
When no PDCCH addressed to the C-RNTI of the UE is detected, the HARQ feedback dictates how the UE performs retransmissions:

-
NACK: the UE performs a non-adaptive retransmission i.e. a retransmission on the same uplink resource as previously used by the same process;

-
ACK: the UE does not perform any UL (re)transmission and keeps the data in the HARQ buffer. A PDCCH is then required to perform a retransmission i.e. a non-adaptive retransmission cannot follow.

-
For asynchronous adaptive HARQ, HARQ feedback is not sent, except for BL UEs and UEs in enhanced coverage. The UE follows what the PDCCH, MPDCCH or NPDCCH asks the UE to do i.e. perform a transmission or a retransmission. For BL UEs or UEs in enhanced coverage, downlink ACK in response to uplink (re)transmissions may be sent in the DCI with C-RNTI or SPS C-RNTI scheduling PDCCH.
-
In the sidelink:

-
No HARQ feedback;

-
Retransmissions are always performed in a pre-defined/ configured number.

-
Measurement gaps and sidelink discovery transmission during a sidelink discovery gap for transmission are of higher priority than HARQ retransmissions: whenever an HARQ retransmission collides with a measurement gap or sidelink discovery transmission during a sideink discovery gap for transmission, the HARQ retransmission does not take place.

Table 9.1-1: UL synchronous HARQ Operation

	HARQ feedback seen by the UE
	PDCCH
seen by the UE
	UE behaviour

	ACK or NACK
	New Transmission
	New transmission according to PDCCH

	ACK or NACK
	Retransmission
	Retransmission according to PDCCH (adaptive retransmission)

	ACK
	None
	No (re)transmission, keep data in HARQ buffer and a PDDCH is required to resume retransmissions

	NACK
	None
	Non-adaptive retransmission
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10.1.1.2
Cell reselection

A UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:

-
The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:

-
There is no need to indicate neighbouring cells in the serving cell system information to enable the UE to search and measure a cell i.e. E-UTRAN relies on the UE to detect the neighbouring cells;

-
For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated;

-
Measurements may be omitted if the serving cell attribute fulfils particular search or measurement criteria.

-
Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells, except for NB-IoT:

-
Intra-frequency reselection is based on ranking of cells;

-
Inter-frequency reselection is based on absolute priorities where a UE tries to camp on the highest priority frequency available. Absolute priorities for reselection are provided only by the RPLMN and are valid only within the RPLMN; priorities are given by the system information and are valid for all UEs in a cell, specific priorities per UE can be signalled in the RRC Connection Release message. A validity time can be associated with UE specific priorities.
-
Inter-frequency E-UTRAN reselection can be also based on redistribution priority. A UE may be redistributed to a redistribution target (frequency or cell) and will consider the redistribution target (frequency or cell) as having the highest priority (i.e. higher than any network configured priority) for a period of time (i.e. validity timer). The redistribution parameters are defined in system information and can be triggered by Paging.
-
For inter-frequency neighbouring cells, it is possible to indicate layer-specific cell reselection parameters (e.g., layer specific offset). These parameters are common to all neighbouring cells on a frequency;

-
An NCL can be provided by the serving cell to handle specific cases for intra- and inter-frequency neighbouring cells. This NCL contains cell specific cell reselection parameters (e.g., cell specific offset) for specific neighbouring cells;

-
Black lists can be provided to prevent the UE from reselecting to specific intra- and inter-frequency neighbouring cells;
-
Cell reselection can be speed dependent (speed detection based on UTRAN solution);
-
Cell reselection parameters are applicable for all UEs in a cell, but it is possible to configure specific reselection parameters per UE group or per UE.

For NB-IoT, cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involve measurements of the serving and neighbour cells as follows:

-
Intra-frequency reselection is based on ranking of cells (potentially with cell specific offsets);

-
Inter-frequency reselection is based on ranking of frequencies (potentially with frequency specific offsets);

-
Blind redirection supported for load balancing (potentially with a dedicated offset for the frequency where the UE is redirected to).

Cell access restrictions apply as for UTRAN, which consist of access class (AC) barring and cell reservation (e.g. for cells "reserved for operator use") applicable for mobiles in RRC_IDLE mode. For NB-IoT UEs, BL UEs or UEs in enhanced coverage, E-UTRAN can also restrict access to the cell based on the level of coverage enhancements that would be needed by the UE.
	Next change


10.1.4
Paging and C-plane establishment

Paging groups (where multiple UEs can be addressed) are used on PDCCH:

-
Precise UE identity is found on PCH;

-
DRX configurable via BCCH and NAS, for NB-IoT DRX configurable via BCCH only;

-
Only one subframe allocated per paging interval per UE;

-
The network may divide UEs to different paging occasions in time;

-
There is no grouping within paging occasion;

-
One paging RNTI for PCH.

When extended DRX (eDRX) is used in idle mode, the following are applicable:

-
The DRX cycle is extended up to and beyond 10.24s in idle mode, with a maximum value of 2621.44 seconds (43.69 minutes); For NB-IoT, the maximum value of the DRX cycle is 10485.76 seconds (2.91 hours);
-
The hyper SFN (H-SFN) is broadcast by the cell and increments by one when the SFN wraps around;

-
Paging Hyperframe (PH) refers to the H-SFN in which the UE starts monitoring paging DRX during a Paging Time Window (PTW) used in ECM-IDLE. The PH is determined based on a formula that is known by the MME, UE and eNB as a function of eDRX cycle and UE identity;

-
During the PTW, the UE monitors paging for the duration of the PTW (as configured by NAS) or until a paging message is including the UE's NAS identity received for the UE, whichever is earlier. The possible starting offsets for the PTW are uniformly distributed within the PH and defined in TS 36.304 [11];

-
MME uses the formulas defined in TS 36.304 [11] to determine the PH as well as the beginning of the PTW and sends the S1 paging request just before the occurrence of the start of PTW or during PTW to avoid storing paging messages in the eNB;

-
ETWS, CMAS, PWS requirement may not be met when a UE is in eDRX. For EAB, if the UE supports SIB14, when in extended DRX, it acquires SIB14 before establishing the RRC connection;

-
When the eDRX cycle is longer than the system information modification period, the UE verifies that stored system information remains valid before establishing an RRC connection. Paging message can be used for system information change notification, when including systemInfoModification-eDRX, for a UE configured with eDRX cycle longer than the system information modification period.
BL UEs or UEs in enhanced coverage can use WUS, when configured in the cell, to reduce the power consumption related to paging monitoring.

When WUS is used in idle mode, the following are applicable:
-
The WUS is used to indicate that the UE shall monitor NPDCCH to receive paging in that cell;

-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to multiple paging occasions (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;

-
The paging operation in the MME is not aware of the use of the WUS in the eNB.
The timing between WUS and the paging occasion (PO) is illustrated in Figure 10.1.4-x. The UE can expect WUS repetitions during "Configured maximum WUS duration" but the actual WUS transmission can be shorter, e.g. for UE in good coverage. The UE does not monitor WUS during the non-zero "Gap".
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Figure 10.1.4-x: Illustration of WUS timing  

For NB-IoT, UE in RRC_IDLE receives paging on the anchor carrier or on a non anchor carrier based on system information.
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