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Next Modified Subclause
4
Overall architecture

4.0
General
The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol terminations towards the UE. The eNBs are interconnected with each other by means of the X2 interface. The eNBs are also connected by means of the S1 interface to the EPC (Evolved Packet Core), more specifically to the MME (Mobility Management Entity) by means of the S1-MME interface and to the Serving Gateway (S-GW) by means of the S1-U interface. The S1 interface supports a many-to-many relation between MMEs / Serving Gateways and eNBs.

The E-UTRAN architecture is illustrated in Figure 4 below.
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Figure 4-1: Overall Architecture

If the eNB supports SIPTO@LN with collocated L-GW, it shall support an S5 interface towards the S-GW and an SGi interface towards the IP network. See clause 4.8.2 for the details of the architecture and functions in case SIPTO@LN with collocated L-GW is supported.

The E-UTRAN may also comprise LMUs (Location Measurement Unit) (see TS 36.305 [51]) used for Uplink positioning.
For NB-IoT the positioning is supported based on the existing LCS architecture.
Next Modified Subclause
4.3
Radio Protocol architecture

4.3.0
General
In this subclause, the radio protocol architecture of E-UTRAN is given for the user plane and the control plane.
Next Modified Subclause
4.10
NB-IoT

NB-IoT provides access to network services using physical layer optimized for very low power consumption (e.g. full carrier bandwidth is 180 kHz, subcarrier spacing can be 3.75 kHz or 15 kHz).

As indicated in the relevant subclauses in this specification, a number of E-UTRA protocol functions supported by all Rel-8 UEs are not used for NB-IoT and need not be supported by eNBs and UEs only using NB-IoT.
In this version of the specification, a number of functions including inter-RAT mobility, handover, measurement reports, public warning functions, GBR, CSG, support of HeNBs, relaying, carrier aggregation, dual connectivity, NAICS, real-time services, interference avoidance for in-device coexistence, RAN assisted WLAN interworking, sidelink communication/discovery, V2X sidelink communication, MDT, emergency call, CS fallback, self-configuration/self-optimisation, ACB, EAB, ACDC, SSAC, support for aerial UE Communication, EN-DC and connection to 5GC are not supported for NB-IoT. This is not further stated in the corresponding procedures.

Next Modified Subclause
5.3
Transport Channels

5.3.0
Transport channel types
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.
Next Modified Subclause
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.
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.
5.5a
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 for FDD and Table 5.5a-2 for TDD.

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

	
	
	In-band
	Guard-band
	Standalone

	Non-Anchor Carrier
	In-band
	Valid (Note 1)
	Valid (Note 1)
	Valid (Note 2, Note 3)

	
	Guard-band
	Valid (Note 1)
	Valid (Note 1)
	Valid (Note 2, Note 3)

	
	Standalone
	Valid (Note 2, Note 3)
	Valid (Note 2, Note 3)
	Valid (Note 2)


Table 5.5a-2: Anchor and non-anchor carrier deployment combinations in TDD

	
	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.
NOTE 3:
Not applicable to SC-PTM reception.

5.5.1
Void

5.6
Sidelink

5.6.0
General 

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: 256 QAM is not supported for sidelink. 64 QAM is only supported for V2X sidelink communication.
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5.7
Licensed-Assisted Access

5.7.0
General
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 clause 15.1.2 of TS 36.213 [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, except for Autonomous Uplink (AUL) transmissions.

For type 1 uplink channel access on AUL, E-UTRAN signals the Channel Access Priority Class for each logical channel and UE shall select the lowest Channel Access Priority Class (i.e, with a higher number in the Table 5.7.1-1) of the logical channel(s) with MAC SDU multiplexed into the MAC PDU. The MAC CEs except padding BSR use the highest Channel Access Priority Class (i.e, the lowest number in the Table 5.7.1-1).

For type 2 uplink channel access on AUL, the UE may select logical channels corresponding to any Channel Access Priority Class for UL transmission in the subframes signalled by E-UTRAN in common downlink control signalling.

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 clause 15.2.1.1 of TS 36.213 [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 clause 15.2.1.2 of TS 36.213 [6]) is signalled to the UE.
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6
Layer 2

6.0
Overview
Layer 2 is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Convergence Protocol (PDCP).

This subclause gives a high level description of the Layer 2 sub-layers in terms of services and functions. The three figures below depict the PDCP/RLC/MAC architecture for downlink, uplink and Sidelink, where:

-
Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between sublayers. The SAP between the physical layer and the MAC sublayer provides the transport channels. The SAPs between the MAC sublayer and the RLC sublayer provide the logical channels.

-
The multiplexing of several logical channels (i.e. radio bearers) on the same transport channel (i.e. transport block) is performed by the MAC sublayer;
-
In both uplink and downlink, when neither CA nor DC are configured, only one transport block is generated per TTI in the absence of spatial multiplexing;

-
In Sidelink, only one transport block is generated per TTI for each carrier.
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Figure 6-1: Layer 2 Structure for DL
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Figure 6-2: Layer 2 Structure for UL

NOTE 1:
The eNB may not be able to guarantee that a L2 buffer overflow will never occur. If such overflow occurs, UE may discard packets in the L2 buffer.
NOTE 2:
For a NB-IoT UE that only supports Control Plane CIoT EPS optimizations, as defined in TS 24.301 [20], PDCP is bypassed. For a NB-IoT UE that supports Control Plane CIoT EPS optimization and S1-U data transfer or User Plane CIoT EPS optimization, as defined in TS 24.301 [20], PDCP is also bypassed (i.e. not used) until AS security is activated.
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Figure 6-3: Layer 2 Structure for Sidelink

6.1
MAC Sublayer

6.1.0
General
This subclause provides an overview on services and functions provided by the MAC sublayer.

6.1.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Scheduling information reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
MBMS service identification;

-
Transport format selection;

-
Padding.

The sidelink specific services and functions of the MAC sublayer include:

-
Radio resource selection;

-
Packet filtering for sidelink communication and V2X sidelik communication.
-
Transmission carrier selection for V2X sidelink communication.
6.1.2
Logical Channels

6.1.2.0
General
Different kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of information is transferred.

A general classification of logical channels is into two groups:

-
Control Channels (for the transfer of control plane information);

-
Traffic Channels (for the transfer of user plane information).

There is one MAC entity per CG. MAC generally consists of several function blocks (transmission scheduling functions, per UE functions, MBMS functions, MAC control functions, transport block generation…). Transparent Mode is only applied to BCCH, BR-BCCH, PCCH and SBCCH.

NOTE:
For a NB-IoT UE that only uses Control Plane CIoT EPS optimizations, as defined in TS 24.301 [20], there is only one dedicated logical channel per UE.
Next Modified Subclause
6.2
RLC Sublayer

6.2.0
General
This subclause provides an overview on services, functions and PDU structure provided by the RLC sublayer. Note that:

-
The reliability of RLC is configurable: some radio bearers may tolerate rare losses (e.g. TCP traffic);

-
Radio Bearers are not characterized by a fixed sized data unit (e.g. a fixed sized RLC PDU).

6.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs;

-
Error Correction through ARQ (only for AM data transfer);

-
Concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
Re-segmentation of RLC data PDUs (only for AM data transfer);

-
Reordering of RLC data PDUs (only for UM and AM data transfer);

-
Duplicate detection (only for UM and AM data transfer);

-
Protocol error detection (only for AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment, as defined in TS 24.301 [20];

6.2.2
PDU Structure

Figure 6.2.2-1 below depicts the RLC PDU structure where:

-
The PDU sequence number carried by the RLC header is independent of the SDU sequence number (i.e. PDCP sequence number);

-
A red dotted line indicates the occurrence of segmentation;

-
Because segmentation only occurs when needed and concatenation is done in sequence, the content of an RLC PDU can generally be described by the following relations:

-
{0; 1} last segment of SDUi + [0; n] complete SDUs + {0; 1} first segment of SDUi+n+1 ; or

-
1 segment of SDUi.
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Figure 6.2.2-1: RLC PDU Structure

6.3
PDCP Sublayer

6.3.0
General
This subclause provides an overview on services, functions and PDU structure provided by the PDCP sublayer.
Next Modified Subclause
7
RRC

7.0
General
This subclause provides an overview on services and functions provided by the RRC sublayer.
Next Modified Subclause
9
ARQ and HARQ

9.0
General
E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at Layer 1.
Next Modified Subclause
10
Mobility

10.0
General
Load balancing is achieved in E-UTRAN with handover, redirection mechanisms upon RRC release, DC and through the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters.

Measurements to be performed by a UE for mobility are classified in at least four measurement types:
-
Intra-frequency E-UTRAN measurements;

-
Inter-frequency E-UTRAN measurements;

-
Inter-RAT measurements for UTRAN and GERAN;
-
Inter-RAT measurements of CDMA2000 HRPD or 1xRTT frequencies.

For each measurement type one or several measurement objects can be defined (a measurement object defines e.g. the carrier frequency to be monitored).

For each measurement object one or several reporting configurations can be defined (a reporting configuration defines the reporting criteria). Three reporting criteria are used: event triggered reporting, periodic reporting and event triggered periodic reporting.

The association between a measurement object and a reporting configuration is created by a measurement identity (a measurement identity links together one measurement object and one reporting configuration of same RAT). By using several measurement identities (one for each measurement object, reporting configuration pair) it is possible:

-
To associate several reporting configurations to one measurement object and;

-
To associate one reporting configuration to several measurement objects.

The measurements identity is as well used when reporting results of the measurements.

Measurement quantities are considered separately for each RAT.

Measurement commands are used by E-UTRAN to order the UE to start measurements, modify measurements or stop measurements.
For NB-IoT:

-
Handover, measurement reports and inter-RAT mobility are not supported;

-
10.1.1 Mobility Management in ECM-IDLE, 10.1.4 Paging and C-plane establishment, 10.1.5 Random Access Procedure, 10.1.6 Radio Link Failure, 10.1.7 Radio Access Network Sharing and all their clauses are applicable;
-
All other subclauses of clause 10 are not applicable.
Next Modified Subclause
10.1
Intra E-UTRAN

10.1.0
General
In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers and DC specific activities are performed, except for NB-IoT, and various DRX cycles are supported.

In E-UTRAN RRC_IDLE state, cell reselections are performed and DRX is supported.
Next Modified Subclause
10.1.2
Mobility Management in ECM-CONNECTED/CM-CONNECTED
10.1.2.0
General
The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED/CM-CONNECTED handles all necessary steps for
-
Handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific roaming and access restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
-
DC specific procedures, like processes that precede the final decision for a certain configuration of a SeNB (control and evaluation of UE and network side measurements), preparation of respective resources on the network side of a SeNB, commanding the UE to the new radio resources configuration for a second connection and, if applicable, finally releasing resources of a SeNB. It contains mechanisms to transfer UE- and bearer-context data between involved nodes, and to update node relations on C-plane and U-plane.

In E-UTRAN RRC_CONNECTED state, network-controlled UE-assisted handovers and DC specific activities are performed and various DRX cycles are supported.
The UE makes measurements of attributes of the serving and neighbour cells to enable the process:

-
There is no need to indicate neighbouring cells 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, at least the carrier frequencies need to be indicated;

-
The E-UTRAN signals reporting criteria for event-triggered and periodical reporting;

-
An NCL can be provided by the serving cell by RRC dedicated signalling to handle specific cases for intra- and inter-frequency neighbouring cells. This NCL contains cell specific measurement parameters (e.g. cell specific offset) for specific neighbouring cells;
-
Black lists can be provided to prevent the UE from measuring specific neighbouring cells.
For the UE measuring discovery signals (i.e. CRS and/or CSI-RS) of the serving and neighbour cells, the E-UTRAN indicates the measurement configuration to the UE, including the measurement timing configuration of the discovery signals.
Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non-gap assisted. A non-gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed. Gap patterns (as opposed to individual gaps) are configured and activated by RRC.

In the text and figure(s) in the following clauses, intra-E-UTRA HO description is applicable for both intra-EPC and intra-5GC cases. In addition, the following differences are applicable for intra-5GC:

-
ng-eNB should be considered instead of eNB;
-
5GC should be considered instead of EPC, and NG interface should be considered instead of S1 interface;

-
Xn interface should be considered instead of X2 interface and the messages sent between ng-eNBs over Xn are defined in TS 38.423 [86];

-
AMF should be considered intead of MME, and UPF should be considered instead of Serving Gateway;

-
PDU session information should be considered instead of E-RAB QoS, and the QoS flow to DRB mapping rules applied to the UE should be forwarded to the target ng-eNB;

-
For the messages sent between MME and Serving Gateway, and between MME and eNB, use AMF/UPF/ng-eNB respectively;

-
The data forwarding defined in clause 9.2.3.2.3 in TS 38.300 [79] should be applied instead of clause 10.1.2.3;

-
The Dual Connectivity operation in clause 10.1.2.8 is not applicable to intra-5GC mobility. The corresponding Dual Connectivity operations for 5GC are described in TS 37.340 [76].
Next Modified Subclause
10.1.3
Measurements

10.1.3.0
General
Measurements to be performed by a UE for intra/inter-frequency/inter-RAT mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_IDLE state, a UE shall follow the measurement parameters defined for cell reselection specified by the E-UTRAN broadcast. The use of dedicated measurement control for RRC_IDLE state is possible through the provision of UE specific priorities (see sub-clause 10.2.4). In RRC_CONNECTED state, a UE shall follow the measurement configurations specified by RRC directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).
In RRC_IDLE and RRC_CONNECTED the UE may be configured to monitor some UTRA or E-UTRA carriers according to reduced performance requirements as specified in TS 36.133 [21].
In RRC_IDLE, for NB-IoT UEs, BL UEs or UEs in enhanced coverage, the UE may further limit the intra-frequency and inter-frequency measurements when the relaxed monitoring criterion is fulfilled as specified in TS 36.304 [11].

For CSI-RS based discovery signals measurements, "cell" should be interpreted as "transmission point of the concerned cell" in the following descriptions.
Intra-frequency neighbour (cell) measurements, inter-frequency neighbour (cell) measurements and inter-RAT measurements are defined as follows:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell.
-
Inter-RAT neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-RAT measurements when the neighbour cell operates on a different RAT, compared to the current cell.
Whether a measurement is non gap assisted or gap assisted depends on the UE's capability and the current operating frequency. In non gap assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap assisted scenarios, the UE may not be able to perform such measurements without measurement gaps. The UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed:

-
Same carrier frequency and cell bandwidths (Scenario A): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell smaller than the bandwidth of the current cell (Scenario B): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell larger than the bandwidth of the current cell (Scenario C): an intra-frequency scenario; not measurement gap assisted.

-
Different carrier frequencies, bandwidth of the target cell smaller than the bandwidth of the current cell and bandwidth of the target cell within bandwidth of the current cell (Scenario D): an inter-frequency scenario; measurement gap-assisted scenario.

-
Different carrier frequencies, bandwidth of the target cell larger than the bandwidth of the current cell and bandwidth of the current cell within bandwidth of the target cell (Scenario E): an inter-frequency scenario; measurement gap-assisted scenario.

-
Different carrier frequencies and non-overlapping bandwidth, (Scenario F): an inter-frequency scenario; measurement gap-assisted scenario.

-
Same carrier frequency, the operating frequency of the bandwidth reduced low complexity (BL) UE or the UE in Enhanced Coverage is not guaranteed to be aligned with the center frequency of the current cell (Scenario G): an intra-frequency scenario; measurement gap assisted scenario.
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Figure 10.1.3-1: Inter and Intra-frequency measurements scenariosMeasurement gaps may be needed by the UE to carry out inter-RAT measurements on NR frequencies. UE may need measurement gaps perform inter-RAT measurements on NR frequencies depending on the UE capability to support independent FR measurement as specified in TS 38.306 [xx]. The UE may not be able to perform inter-RAT NR measurements without measurement gaps in the following cases:
-
If the UE only supports per-UE gaps and the UE is required to measure NR frequencies:

-
If the UE supports per-FR gaps and the UE is required to measure at least one NR frequency in FR1;

Measurement gaps patterns are configured and activated by RRC.

When CA is configured, the "current cell" above refers to any serving cell of the configured set of serving cells. For instance, for the definition of intra and inter frequency measurements, this means:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when one of the serving cells of the configured set and the target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps.
-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency than any serving cell of the configured set. The UE may not be able to perform such measurements without measurement gaps.
When DC is configured, the following principles are applied:

-
The configured set of serving cells includes all the cells from MCG and SCG as for CA;

-
The measurement procedure of serving cells belonging to the SeNB shall not be impacted due to RLF of SeNB;

-
Common gap for the MeNB and the SeNB is applied;

-
There is only a single measurement gap configuration for the UE which is controlled and informed by the MeNB.
-
UE determines the starting point of the measurement gap based on the SFN, subframe number and subframe boundaries of the MCG serving cells.
When LAA is configured:

-
The eNB configures the UE with one DMTC window for all neighbor cells as well as for the serving cell (if any) on one frequency;
-
The UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window;
-
For channel selection in an environment where hidden nodes may exist, UE may be configured with one RMTC per a frequency to perform RSSI measurement, and to report average RSSI and channel occupancy (percentage of measurement samples that RSSI value is above a threshold) in a reporting interval.
Next Modified Subclause
10.1.5
Random Access Procedure

10.1.5.0
General
The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size and the number of serving cells when CA is configured;

The random access procedure is performed for the following events related to the PCell:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure, as defined in TS 24.301 [20];
-
Handover, except for NB-IoT or when RACH-less HO is configured;

-
DL data arrival during RRC_CONNECTED requiring random access procedure:
-
E.g. when UL synchronisation status is "non-synchronised".
-
UL data arrival during RRC_CONNECTED requiring random access procedure:
-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

-
For positioning purpose during RRC_CONNECTED requiring random access procedure:
-
E.g. when timing advance is needed for UE positioning.
The random access procedure is also performed on a SCell to establish time alignment for the corresponding sTAG.
For E-UTRA connected to 5GC, the random access procedure is also performed for the transition from RRC_INACTIVE.

In DC, the random access procedure is also performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is performed only on PSCell for SCG.
Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to all six events, but the sixth event for positioning is applicable for NB-IoT only);

-
Non-contention based (applicable to only handover, DL data arrival, positioning and obtaining timing advance alignment for a sTAG).

Normal DL/UL transmission can take place after the random access procedure.

An RN supports both contention-based and non-contention-based random access. When an RN performs the random access procedure, it suspends any current RN subframe configuration, meaning it temporarily disregards the RN subframe configuration. The RN subframe configuration is resumed at successful random access procedure completion.
For NB-IoT, the random access procedure is performed on the anchor carrier or on a non anchor carrier based on system information.
Next Modified Subclause
10.2
Inter RAT

10.2.0
General
Service-based redirection between GERAN / UTRAN and E-UTRAN is supported in both directions. This should not require inter-RAT reporting in RRC CONNECTION REQUEST.
Next Modified Subclause
10.7
Hybrid Cells

10.7.0
General
Hybrid Cells have a CSG Indication bit set to FALSE but broadcast a CSG Identity and the PCI values for hybrid cells are not contained within the reserved PCI range for CSG cells. Similar to CSG cells, the network can reserve a PCI list for hybrid cells.
The network shall distinguish whether it is a hybrid cell, e.g. by reserving a PCI list for hybrid cells.
Next Modified Subclause
11
Scheduling and Rate Control

11.0
General
In order to utilise the SCH resources efficiently, a scheduling function is used in MAC. In this subclause, an overview of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements to support scheduler operation.
For NB-IoT, the Basic Scheduler Operation in 11.1 and the uplink buffer status reports part in 11.3 are applicable, the UE-AMBR part in 11.4 is applicable only for UE which is enabled to use S1-U data transfer or User Plane CIoT EPS optimization, and all other subclauses of clause 11 are not applicable.
Next Modified Subclause
13
QoS

13.0
General
An EPS bearer/E-RAB is the level of granularity for bearer level QoS control in the EPC/E-UTRAN. That is, SDFs mapped to the same EPS bearer receive the same bearer level packet forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.), as specified in TS 23.401 [17].

One EPS bearer/E-RAB is established when the UE connects to a PDN, and that remains established throughout the lifetime of the PDN connection to provide the UE with always-on IP connectivity to that PDN. That bearer is referred to as the default bearer. Any additional EPS bearer/E-RAB that is established to the same PDN is referred to as a dedicated bearer. The initial bearer level QoS parameter values of the default bearer are assigned by the network, based on subscription data. The decision to establish or modify a dedicated bearer can only be taken by the EPC, and the bearer level QoS parameter values are always assigned by the EPC.

An EPS bearer/E-RAB is referred to as a GBR bearer if dedicated network resources related to a Guaranteed Bit Rate (GBR) value that is associated with the EPS bearer/E-RAB are permanently allocated (e.g. by an admission control function in the eNodeB) at bearer establishment/modification. Otherwise, an EPS bearer/E-RAB is referred to as a Non-GBR bearer. A dedicated bearer can either be a GBR or a Non-GBR bearer while a default bearer shall be a Non-GBR bearer.
Next Modified Subclause
15
MBMS

15.0
MBMS-Specific Definitions
For MBMS, the following definitions are introduced:

MBSFN Synchronization Area: an area of the network where all eNodeBs can be synchronized and perform MBSFN transmissions. MBSFN Synchronization Areas are capable of supporting one or more MBSFN Areas. On a given frequency layer, a eNodeB can only belong to one MBSFN Synchronization Area. MBSFN Synchronization Areas are independent from the definition of MBMS Service Areas
MBSFN Transmission or a transmission in MBSFN mode: a simulcast transmission technique realised by transmission of identical waveforms at the same time from multiple cells. An MBSFN Transmission from multiple cells within the MBSFN Area is seen as a single transmission by a UE.

MBSFN Area: an MBSFN Area consists of a group of cells within an MBSFN Synchronization Area of a network, which are co-ordinated to achieve an MBSFN Transmission. Except for the MBSFN Area Reserved Cells, all cells within an MBSFN Area contribute to the MBSFN Transmission and advertise its availability. The UE may only need to consider a subset of the MBSFN areas that are configured, i.e. when it knows which MBSFN area applies for the service(s) it is interested to receive.
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Figure 15-1: MBMS Definitions

MBSFN Area Reserved Cell: A cell within a MBSFN Area which does not contribute to the MBSFN Transmission. The cell may be allowed to transmit for other services but at restricted power on the resource allocated for the MBSFN transmission.
Synchronisation Sequence: Each SYNC PDU contains a time stamp which indicates the start time of the synchronisation sequence. For an MBMS service, each synchronisation sequence has the same duration which is configured in the BM-SC and the MCE.

Synchronisation Period: The synchronisation period provides the time reference for the indication of the start time of each synchronisation sequence. The time stamp which is provided in each SYNC PDU is a relative value which refers to the start time of the synchronisation period. The duration of the synchronisation period is configurable.

15.1
General

15.1.0
Overview
In E-UTRAN, MBMS can be provided with single frequency network mode of operation (MBSFN) either on a frequency layer shared with non-MBMS services (set of cells supporting both unicast and MBMS transmissions i.e. set of "MBMS/Unicast-mixed cells") or on a frequency layer dedicated for MBMS (set of cells supporting MBMS transmission only i.e. set of "MBMS-dedicated cells").

MBMS reception is possible for UEs in RRC_IDLE state, or except for NB- IoT UEs, BL UEs or UEs in enhanced coverage, in RRC_CONNECTED state. Whenever receiving MBMS services, a user shall be notified of an incoming call, and originating calls shall be possible.
ROHC for MBMS is supported by upper layers (outside of Access Stratum) and only for Mission Critical services, as described in TS 23.280 [77].
RNs do not support MBMS.
HeNBs do not support MBMS.

For NB-IoT UEs, BL UEs or UEs in enhanced coverage:

-
MBMS is provided in "MBMS/Unicast-mixed cells" with single-cell transmission.

-
MBMS reception is possible only for UEs in RRC_IDLE state.
-
Whenever receiving MBMS services, a user shall be notified of an incoming call, and originating calls shall be possible:

-
Mobile Terminated call has higher priority than MBMS reception;

-
Mobile Originated signalling has higher priority than MBMS reception;

-
Other cases are left to UE implementation.
Next Modified Subclause
16
Radio Resource Management aspects

16.0
General
The purpose of radio resource management (RRM) is to ensure the efficient use the available radio resources and to provide mechanisms that enable E-UTRAN to meet radio resource related requirements identified in sub-clause 10 of TR 25.913 [2]. In particular, RRM in E-UTRAN provides means to manage (e.g. assign, re-assign and release) radio resources taking into account single and multi-cell aspects.

16.1
RRM functions

16.1.1
Radio Bearer Control (RBC)

The establishment, maintenance and release of Radio Bearers involve the configuration of radio resources associated with them. When setting up a radio bearer for a service, radio bearer control (RBC) takes into account the overall resource situation in E-UTRAN, the QoS requirements of in-progress sessions and the QoS requirement for the new service. RBC is also concerned with the maintenance of radio bearers of in-progress sessions at the change of the radio resource situation due to mobility or other reasons. RBC is involved in the release of radio resources associated with radio bearers at session termination, handover or at other occasions.

RBC is located in the eNB.

16.1.2
Radio Admission Control (RAC)

The task of radio admission control (RAC) is to admit or reject the establishment requests for new radio bearers. In order to do this, RAC takes into account the overall resource situation in E-UTRAN, the QoS requirements, the priority levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request. The goal of RAC is to ensure high radio resource utilization (by accepting radio bearer requests as long as radio resources available) and at the same time to ensure proper QoS for in-progress sessions (by rejecting radio bearer requests when they cannot be accommodated).

RAC is located in the eNB.

16.1.3
Connection Mobility Control (CMC)

Connection mobility control (CMC) is concerned with the management of radio resources in connection with idle or connected mode mobility. In idle mode, the cell reselection algorithms are controlled by setting of parameters (thresholds and hysteresis values) that define the best cell and/or determine when the UE should select a new cell. Also, E-UTRAN broadcasts parameters that configure the UE measurement and reporting procedures. In connected mode, the mobility of radio connections has to be supported. Handover decisions may be based on UE and eNB measurements. In addition, handover decisions may take other inputs, such as neighbour cell load, traffic distribution, transport and hardware resources and Operator defined policies into account.

CMC is located in the eNB.

16.1.4
Dynamic Resource Allocation (DRA) - Packet Scheduling (PS)

The task of dynamic resource allocation (DRA) or packet scheduling (PS) is to allocate and de-allocate resources (including buffer and processing resources and resource blocks (i.e. chunks)) to user and control plane packets. DRA involves several sub-tasks, including the selection of radio bearers whose packets are to be scheduled and managing the necessary resources (e.g. the power levels or the specific resource blocks used). PS typically takes into account the QoS requirements associated with the radio bearers, the channel quality information for UEs, buffer status, interference situation, etc. DRA may also take into account restrictions or preferences on some of the available resource blocks or resource block sets due to inter-cell interference coordination considerations.

DRA is located in the eNB.

16.1.5
Inter-cell Interference Coordination (ICIC)

16.1.5.0
General
Inter-cell interference coordination has the task to manage radio resources such that inter-cell interference is kept under control. ICIC mechanism includes a frequency domain component and time domain component. ICIC is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells. The preferred ICIC method may be different in the uplink and downlink.

The frequency domain ICIC manages radio resource, notably the radio resource blocks, such that multiple cells coordinate use of frequency domain resources.

In TDD, intended UL-DL configuration may be exchanged through backhaul signalling, and frequency domain ICIC information may be exchanged per subframe set, such that multiple cells may coordinate the usage of frequency domain resources in the subframe sets.

For the time domain ICIC, subframe utilization across different cells are coordinated in time through backhaul signalling or OAM configuration of so called Almost Blank Subframe patterns. The Almost Blank Subframes (ABSs) in an aggressor cell are used to protect resources in subframes in the victim cell receiving strong inter-cell interference. Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. The eNB ensures backwards compatibility towards UEs by transmitting necessary control channels and physical signals as well as System Information. Patterns based on ABSs are signalled to the UE to restrict the UE measurement to specific subframes, called measurement resource restrictions. There are different patterns depending on the type of measured cell (serving or neighbour cell) and measurement type (e.g. RRM, RLM). MBSFN subframes can be used for time domain ICIC when they are also included in ABS patterns. The eNB cannot configure MBSFN subframes, as specified in TS 36.211 [4], as ABSs when these MBSFN subframes are used for other usages (e.g., MBMS, LCS).
Extending the coverage of a cell by means of connecting a UE to cell that is weaker than the strongest detected cell is referred to as cell range extension (CRE). With time domain ICIC, a CRE UE may continue to be served by a victim cell (i.e., the weaker cell) even while under strong interference from aggressor cells (i.e., the stronger cell).

A UE under strong interference from aggressor cells may need to mitigate interference from the aggressor cells on some physical channels and signals in order to receive data from serving cell or to detect the weak cells or to perform measurements on the weak cells.

The network may provide SIB1 to the UE in the CRE region by a dedicated RRC signalling to assist UE system information acquisition.
ICIC is located in the eNB.
Next Modified Subclause
19.2
S1 Control Plane

19.2.0
General
The S1 control plane interface (S1-MME) is defined between the eNB and the MME. The control plane protocol stack of the S1 interface is shown on Figure 19.2-1. The transport network layer is built on IP transport, similarly to the user plane but for the reliable transport of signalling messages SCTP is added on top of IP. The application layer signalling protocol is referred to as S1-AP (S1 Application Protocol).
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Figure 19.2-1: S1 Interface Control Plane (eNB-MME)

The SCTP layer provides the guaranteed delivery of application layer messages.

In the transport IP layer point-to-point transmission is used to deliver the signalling PDUs.

A single SCTP association per S1-MME interface instance shall be used with one pair of stream identifiers for S1-MME common procedures. Only a few pairs of stream identifiers should be used for S1-MME dedicated procedures. MME communication context identifiers that are assigned by the MME for S1-MME dedicated procedures and eNB communication context identifiers that are assigned by the eNB for S1-MME dedicated procedures shall be used to distinguish UE specific S1-MME signalling transport bearers. The communication context identifiers are conveyed in the respective S1-AP messages.

If the S1 signalling transport layer notifies the S1AP layer that the signalling connection broke:

-
the MME
-
either locally changes the state of the UEs which used this signalling connection to the ECM-IDLE state as described in TS 23.401 [17] and removes suspended UE Context data for UEs in ECM-IDLE which have used the S1 signalling connection before it was broken; or
-
keep those UEs in ECM_CONNECTED and keep the suspended UE Context data for UEs in ECM-IDLE which have used the S1 signalling connection before it was broken;

-
the eNB
-
either releases the RRC connection with those UEs and removes suspended UE Context data for UEs in RRC_IDLE which have used the S1 signalling connection before it was broken; or
-
keep those UEs in RRC_CONNECTED and keep the suspended UE Context data for UEs in ECM-IDLE which have used the S1 signalling connection before it was broken.

If the S1 signalling transport layer notifies the S1AP layer that the signalling connection is operational again and the eNB and the MME have decided to keep UEs in ECM-CONNECTED and RRC_CONNECTED respectively and keep the suspended UE Context data for UEs in ECM-IDLE while the signalling connection was broken, handling of the UE-related contexts and related signalling connections during the S1 Setup procedure that attempts to re-establish the broken signalling connection is described in clause 19.2.2.8.

RNs terminate S1-AP. In this case, there is one S1 interface relation between the RN and the DeNB, and one S1 interface relation between the DeNB and each of the MMEs in the MME pool. The S1 interface relation between the RN and the DeNB carries non-UE-associated S1-AP signalling between RN and DeNB and UE-associated S1-AP signalling for UEs connected to the RN. The S1 interface relation between the DeNB and an MME carries non-UE-associated S1-AP signalling between DeNB and MME and UE-associated S1-AP signalling for UEs connected to the RN and for UEs connected to the DeNB.

19.2.1
S1 Interface Functions

19.2.1.0
General
The S1 interface provides the following functions:

-
E-RAB Service Management function:

-
Setup, Modify, Release.

-
Mobility Functions for UEs in ECM-CONNECTED:

-
Intra-LTE Handover;

-
Inter-3GPP-RAT Handover.

-
S1 Paging function:

-
NAS Signalling Transport function;

-
LPPa Signalling Transport function;

-
S1-interface management functions:

-
Error indication;
-
Reset.
-
Network Sharing Function;

-
Roaming and Access Restriction Support function;

-
NAS Node Selection Function;

-
Initial Context Setup Function;

-
UE Context Modification Function;

-
UE Context Resume Function;

-
MME Load balancing Function;

-
Location Reporting Function;

-
PWS (which includes ETWS and CMAS) Message Transmission Function;
-
Overload function;

-
RAN Information Management Function;

-
Configuration Transfer Function;
-
S1 CDMA2000 Tunnelling function;
-
Trace function;
-
UE Radio Capability Match;

-
Retrieve UE Information Function;

-
UE Information Transfer Function;

-
Report of Secondary RAT data volumes Function.
Next Modified Subclause
19.2.2
S1 Interface Signalling Procedures

19.2.2.0
General
The elementary procedures supported by the S1AP protocol are listed in Table 1 and Table 2 of TS 36.413 [25].

19.2.2.1
Paging procedure
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Figure 19.2.2.1-1: Paging procedure

The MME initiates the paging procedure by sending the PAGING message to each eNB with cells belonging to the tracking area(s) in which the UE is registered. Each eNB can contain cells belonging to different tracking areas, whereas each cell can only belong to one TA. In case MME initiates the paging procedure with eDRX configuration it shall include the S-TMSI in the PAGING message.
The paging response back to the MME is initiated on NAS layer and is sent by the eNB based on NAS-level routing information.

19.2.2.2
S1 UE Context Release procedure

19.2.2.2.0
General
The S1 UE Context Release procedure causes the eNB to remove all UE individual signalling resources and the related user data transport resources. This procedure is initiated by the EPC and may be triggered on request of the serving eNB.
Next Modified Subclause
19.2.2.5
Handover signalling procedures

19.2.2.5.0
General
Handover signalling procedures support both, inter-eNB handover and inter-RAT handover.

Inter-RAT handovers shall be initiated via the S1 interface.

Inter-eNB handovers shall be initiated via the X2 interface except if any of the following conditions are true:

-
the source eNB is not an RN and there is no X2 between source and target eNB.

-
the source eNB is an RN and there is no X2 between DeNB and the target eNB or between the source RN and the DeNB.

-
the source eNB is an RN and the UE's serving MME is not included in the MME Pool(s) connected with the target eNB.

-
the source eNB has been configured to initiate handover to the particular target eNB via S1 interface in order to enable the change of an EPC node (MME and/or Serving GW).

-
the source eNB has attempted to start the inter-eNB HO via X2 but receives a negative reply from the target eNB with a specific cause value.

Inter-eNB handovers shall be initiated via the S1 interface, if one of the above conditions applies.
Next Modified Subclause
19.2.2.11
Location Reporting procedures

19.2.2.11.0
General
The Location Reporting procedures provide the means to report the current location of a specific UE.

The procedures providing this function are:

-
Location Reporting Control procedure;
-
Location Report procedure;
-
Location Report Failure Indication procedure.
If DC is configured for a specific UE, the location reported refers to the cell served by the MeNB.
NOTE:
The following S1AP procedures are able to provide location information without the reporting being triggered by the Location Reporting Control procedure: 
S1 UE Context Release, E-RAB Release, E-RAB Release Indication, Path Switch, Handover Notification, Initial UE Message, Uplink NAS Transport.
Next Modified Subclause
19.2.2.18
LPPa Transport procedures

19.2.2.18.0
General
An LPPa signalling message is transferred on the S1 interface in both directions. The procedures providing this functionality are:

-
Downlink UE Associated LPPa Transport procedure;

-
Uplink UE Associated LPPa Transport procedure;

-
Downlink Non UE Associated LPPa Transport procedure;

-
Uplink Non UE Associated LPPa Transport procedure.

The UE-associated signalling is used to support E-CID positioning of a specific UE. The non-UE associated signalling is used to obtain assistance data from an eNodeB to support OTDOA positioning for any UE.
Next Modified Subclause
19.2.2.19
Trace procedures

19.2.2.19.0
General
The Trace procedures provide the means to control trace sessions and MDT sessions in the eNB for both signalling and management triggered sessions.

The procedures providing this function are:

-
Trace Start procedure;
-
Trace Failure Indication procedure;
-
Deactivate Trace procedure;
-
Cell Traffic Trace procedure.
Next Modified Subclause
22A.3
LTE/WLAN Radio Level Integration with IPsec Tunnel

22A.3.0
General
LTE/WLAN Radio Level Integration with IPsec Tunnel (LWIP) feature allows a UE in RRC_CONNECTED to be configured by the eNB to utilize WLAN radio resources via IPsec tunnelling.

The overall architecture for LWIP is illustrated in Figure 22A.3-1. Connectivity between eNB and LWIP-SeGW is provided by the Xw interface .
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Figure 22A.3-1: LWIP Overall Architecture

The protocol architecture for LWIP is illustrated in Figure 22A.3-2.
The IP Packets transferred between the UE and LWIP-SeGW are encapsulated using IPsec, as specified in TS 33.401 [22], in order to provide security to the packets that traverse WLAN.The IP packets are then transported between the LWIP-SeGW and eNB via the Xw interface. The end to end path between the UE and eNB via the WLAN network is referred to as the LWIP tunnel.
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Figure 22A.3-2: LWIP Protocol Architecture

The end to end protocol stack for the bearer transported over the LWIP tunnel is illustrated in figure 22A.3-3.
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Figure 22A.3-3: Bearer over LWIP Tunnel - Protocol Stack

The RRCConnectionReconfiguration message provides the necessary parameters for the UE to initiate the establishment of the IPSec tunnel for the DRB. When the IPsec tunnel is established a data bearer can be configured to use LWIP resources. The DRB configuration on the LTE access corresponding to the data bearer using IPsec resources shall not be released. The data bearer refers to the EPS bearer mapped to the data radio bearer (DRB) which is maintained on the LTE side.
The IPsec tunnel is established following the exchange of security information between the eNB and LWIP-SeGW using the XwAP LWIP Addition Preparation procedure.
A single IPSec tunnel is used per UE for all the data bearers that are configured to send and/ or receive data over WLAN. The data corresponding to each IPSec Tunnel is transported over the Xw interface on a single GTP-U tunnel. Each data bearer may be configured so that traffic for that bearer can be routed over the IPsec tunnel in only downlink, only uplink, or both uplink and downlink over WLAN. SRBs are carried over LTE only. eNB configures specific bearer(s) to use the IPsec tunnel.

NOTE:
If the IPsec tunnel is established then it is expected that eNB routes packets belonging to the data bearer via the LTE access or via the IPSec tunnel. If eNB implementation routes packets to both LTE Access and the IPSec tunnel simultaneously, then delivery of packets to upper layers at the UE may occur out of order.

For the DL of a data bearer, the packets received from the IPsec tunnel are forwarded directly to upper layers.

For the UL, the eNB configures the UE to route the uplink data either via LTE or via WLAN using RRC signalling. If routed via WLAN then all UL traffic of the data bearer is offloaded to the WLAN.

UL bearer packets sent over the LWIP tunnel are encapsulated using LWIPEP as specified in TS 36.361 [68] with the 'Key' field in the LWIPEP header populated with the DRB Identity associated with offloaded UL bearer.
If aggregation over LWIP is enabled in UL or DL, the corresponding (UL or DL) packets sent over the LWIP tunnel and LTE are encapsulated using LWIPEP as specified in TS 36.361 [68]. The LWIPEP layer assigns sequence numbers to all packets and uses this sequence numbers to populate the 'Sequence Number' field in the LWIPEP header. The 'Key' field in the LWIPEP header is populated with the DRB Identity of the associated DRB.
The release of the IPsec tunnel is initiated by the eNB. Upon receiving the Handover Command or on transition to RRC_IDLE state, the UE shall autonomously release IPsec tunnel configuration and the use of it by the data bearers.

A UE supporting LWIP may be configured for WLAN measurements as per subclause 22A.1.5.

The same mobility concept as specified in 22A.1.4 for LWA is also used for LWIP. Since, WT node does not exist in LWIP operation, WT related description and procedures does not apply to LWIP. Mobility Set should be considered as the set of WLAN APs across which UE can perform mobility without informing the eNB, when applying the concept for LWIP operation.

E-UTRAN does not configure LWIP with DC, LWA or RCLWI simultaneously for the same UE.
If LWIP and RAN assisted WLAN interworking are simultaneously configured for the same UE, in RRC_CONNECTED, the UE only applies LWIP.
Next Modified Subclause
22B.2
Control Plane
22B.2.0
General 
The Xw control plane interface (Xw-C) is defined between an eNB and a WT. The control plane protocol stack of the Xw interface is shown on Figure 22B.2-1 below. The transport network layer is built on SCTP on top of IP. The application layer signalling protocol is referred to as Xw-AP (Xw Application Protocol).
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Figure 22B.2-1: Xw Interface Control Plane
Next Modified Subclause
22B.2.2.11
Error Indication procedure

22B.2.2.11.0
General
The Error Indication procedure is initiated by the eNB or the WT, to report an error situation in a received message, provided it cannot be reported by an appropriate failure message.

22B.2.2.11.1
WT initiated error indication
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Figure 22B.2.2.11.1-1: Error Indication procedure initiated by WT

The WT sends the ERROR INDICATION message to report the eNB which kind of error occured.

22B.2.2.11.2
eNB initiated error indication
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Figure 22B.2.2.11.2-1: Error Indication procedure initiated by eNB

The eNB sends the ERROR INDICATION message to report the WT which kind of error occured.

22B.2.2.12
Reset procedure

22B.2.2.12.0
General
The Reset procedure is initiated by the eNB/WT to align the resources with the WT/eNB in the event of an abnormal failure. The procedure resets the whole Xw interface.
Next Modified Subclause
23.2
Subscriber and equipment trace

23.2.0
General
Support for subscriber and equipment trace for E-UTRAN and EPC shall be as specified in TS 32.421 [29], TS 32.422 [30] and TS 32.423 [31].

23.2.1
Signalling activation

All traces are initiated by the core network, even if the trace shall be carried out in the radio network.
If the eNB has received an UE CONTEXT RELEASE COMMAND message where the UE is associated to an E-UTRAN Trace Id then the eNB shall terminate the on-going Trace.
The following functionality is needed on the S1 and X2 interface:

-
Support for inclusion of subscriber and equipment trace information in INITIAL CONTEXT SETUP REQUEST message over the S1 interface.

-
Support for an explicit TRACE START message over the S1 interface.

-
Support for inclusion of subscriber and equipment trace information in the HANDOVER REQUEST message over the X2 interface.

-
Support for inclusion of subscriber and equipment trace information in the HANDOVER REQUEST message over the S1 interface.
-
Support for TRACE FAILURE INDICATION for the purpose of informing MME that the requested trace action cannot be performed due to an on-going handover preparation over the X2 interface.
A trace setup in the radio network will be propagated at handover. If the eNB receives trace information for a given UE, and a handover preparation is not already ongoing for the same UE, it shall store the trace information and propagate it to the target eNB in the case of a X2 based HO. In the case of S1 based HO, the propagation is handled by the MME.

23.2.2
Management activation

All conditions for Cell Traffic Trace are defined by the O&M. When the condition to start the trace recording is fulfilled the eNB will allocate a Trace Recording Session Reference and send it together with the Trace Reference to the MME in a CELL TRAFFIC TRACE message over the S1 interface.

Cell Traffic trace actions will not be propagated on the X2 interface or on the S1 interface in case of handover.
23.3
E-UTRAN Support for Warning Systems

23.3.0
General
The E-UTRAN provides support for warning systems through means of system information broadcast capability. The E-UTRAN performs scheduling and broadcasting of the "warning message content" received from the CBC, which is forwarded to the E-UTRAN by the MME. The schedule information for the broadcast is received along with the "warning message content" from the CBC. The E-UTRAN is also responsible for paging the UE to provide indication that the warning notification is being broadcast. The "warning message content" received by the E-UTRAN contains an instance of the warning notification. Depending on the size, E-UTRAN may segment the secondary notification before sending it over the radio interface.
Next Modified Subclause
23.6
RAN assisted WLAN interworking
23.6.0
General

This clause describes the mechanisms to support traffic steering between E-UTRAN and WLAN.
Next Modified Subclause
23.10.2
Radio Protocol Architecture

23.10.2.0
General
In this subclause, the UE radio protocol architecture for sidelink communication is given for the user plane and the control plane.
Next Modified Subclause
23.10.3
Radio resource allocation

23.10.3.0
General
The UE supporting sidelink communication can operate in two modes for resource allocation:

-
Scheduled resource allocation is characterized by:
-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of sidelink control information and data;

-
The UE sends a scheduling request (D-SR or Random Access) to the eNB followed by a Sidelink BSR. Based on the Sidelink BSR the eNB can determine that the UE has data for a sidelink communication transmission and estimate the resources needed for transmission. eNB can schedule transmission resources for sidelink communication using configured SL-RNTI.

-
UE autonomous resource selection is characterized by:
-
A UE on its own selects resources from resource pools and performs transport format selection to transmit sidelink control information and data;
-
There can be up to 8 transmission pools either pre-configured for out of coverage operation or provided by RRC signalling for in-coverage operation. Each pool can have one or more PPPP associated with it. For transmission of a MAC PDU, the UE selects a transmission pool in which one of the associated PPPP is equal to the PPPP of a logical channel with highest PPPP among the logical channel identified in the MAC PDU. It is up to UE implementation how the UE selects amongst multiple pools with same associated PPPP. There is a one to one association between sidelink control pool and sidelink data pool;
-
Once the resource pool is selected, the selection is valid for the entire Sidelink Control period. After the Sidelink Control period is finished the UE may perform resource pool selection again.

NOTE:
The UE is allowed to perform multiple transmissions to different destinations in a single Sidelink Control period.
A UE in RRC_CONNECTED may send a Sidelink UE Information message to eNB when UE becomes interested in sidelink communication. In response eNB may configure the UE with a SL-RNTI.

A UE is considered in-coverage for sidelink communication whenever it detects a cell on a Public Safety ProSe Carrier as per criteria specified in, as specified in TS 36.331 [16]. The following rules apply for the UE:

-
If the UE is out of coverage for sidelink communication it can only use UE autonomous resource selection;

-
If the UE is in coverage for sidelink communication it may use scheduled resource allocation or UE autonomous resource selection as per eNB configuration;

-
If the UE is in coverage for sidelink communication it shall use only the resource allocation mode indicated by eNB configuration unless one of the exceptional cases as specified in TS 36.331 [16] occurs:
-
When an exceptional case occurs the UE is allowed to use UE autonomous resource selection temporarily even though it was configured to use scheduled resource allocation. Resource pool to be used during exceptional case may be provided by eNB.
A UE that is camped or connected on one carrier frequency but interested in sidelink communication operation on another carrier frequency (i.e. Public Safety ProSe Carrier) shall attempt to find cells on the Public Safety ProSe Carrier.

-
An RRC_IDLE UE camped on a cell in another carrier frequency, but in the coverage area of an E-UTRA cell on Public Safety ProSe Carrier may consider the Public Safety ProSe carrier to be the highest priority; and reselects to the cell on the Public Safety ProSe Carrier. UE may consider a frequency (non-Public Safety ProSe carrier) to be the highest priority if it can perform sidelink communication only while camping on the frequency.
-
An RRC_CONNECTED UE served by a cell in another carrier frequency may send a Sidelink UE Information message to its serving cell when it wants to perform sidelink communication. The indication contains the intended Public Safety ProSe Carrier:
-
The serving cell indicates with the presence of SIB18 whether the UE is allowed to send a ProSe UE Information indication;

-
The serving cell may configure an inter-frequency RRM measurement on the Public Safety ProSe Carrier;

-
Once the UE enters coverage of a cell on the Public Safety ProSe Carrier, based on measurement report the eNB performs inter-frequency mobility to the Public Safety ProSe Carrier;

-
If inter-frequency mobility is not performed by the serving cell (e.g. the serving cell does not broadcast SIB18 or if handover fails), the UE may still perform sidelink communication using UE autonomous resource selection from the resource pools, if any, broadcasted by the detected E-UTRA cell on the Public Safety ProSe Carrier.

-
If the UE does not detect an E-UTRA cell on the Public Safety ProSe Carrier, the UE can use Public Safety ProSe Carrier resources preconfigured in the UICC or ME for out of coverage sidelink communication;

-
If the UE detects an E-UTRA cell on the Public Safety ProSe Carrier, the UE stops using resources preconfigured in the UICC or ME. UE may use UE autonomous resource selection from the resource pools, if any, broadcasted by the detected E-UTRA cell on the Public Safety ProSe Carrier.

NOTE:
For Rel-12 all ProSe communication (for a UE) is performed on a single preconfigured Public Safety ProSe Carrier, which is valid in the operating region. Higher layers check validity of the Public Safety ProSe Carrier in the operating region.
The cell on the Public Safety ProSe Carrier may select one of the following options:
-
The cell on the Public Safety ProSe Carrier may provide a transmission resource pool for UE autonomous resource selection in SIB18:
-
UEs that are authorized for sidelink communication may use these resources for sidelink communication in RRC_IDLE in the cell on the same carrier (i.e. Public Safety ProSe Carrier);
-
UEs that are authorized for sidelink communication may use these resources for sidelink communication in RRC_IDLE or RRC_CONNECTED in a cell on another carrier.

-
The cell on the Public Safety ProSe Carrier may indicate in SIB18 that it supports sidelink communication but does not provide transmission resources. UEs need to enter RRC_CONNECTED to perform sidelink communication transmission. In this case the cell on the Public Safety ProSe Carrier may provide in broadcast signalling an exceptional transmission resource pool for UE autonomous resource selection, to be used by the UE in exceptional cases, as specified in TS 36.331 [16]:
-
A UE in RRC_CONNECTED that is authorized to perform sidelink communication transmission indicates to the serving eNB that it wants to perform sidelink communication transmissions;

-
The eNB validates whether the UE is authorized for sidelink communication transmission using the UE context received from MME;

-
The eNB may configure a UE by dedicated signalling with a transmission resource pool for UE autonomous
resource selection; that may be used without constraints while the UE is in RRC_CONNECTED. Alternatively, the eNB may configure a UE to use the exceptional transmission resource pool for UE autonomous resource selection which the UE is allowed to use only in exceptional cases, as specified in TS 36.331 [16], and rely on scheduled resource allocation otherwise.

23.10.3.1
Resource Pool for sidelink control information
A set of transmission and reception resource pools for sidelink control information when the UE is out of coverage for sidelink communication is pre-configured in the UE.
The resource pools for sidelink control information when the UE is in coverage for sidelink communication are configured as below:

-
The resource pools used for reception are configured by the eNB via RRC, in broadcast signalling;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated or broadcast signalling, if UE autonomous resource selection is used;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated signalling if scheduled resource allocation is used:
-
The eNB schedules the specific resource(s) for sidelink control information transmission within the configured reception pools.
NOTE:
In order to perform communication even when some UEs are in-coverage and some UEs are out of coverage, all UEs (i.e. both in and out of coverage) should be configured with resource pools for reception of sidelink control information which are the union of the resource pools used for transmission of sidelink control information from a) the serving cell, b) neighbour cells and c) out of coverage (i.e. pre-configured transmission resource pools).
Next Modified Subclause
23.14
Support for V2X services

23.14.1
General
23.14.1.0
Overview 
Vehicular communication services, represented by V2X services, can consist of the following four different types: V2V, V2I, V2N and V2P, as specified in TS 22.185 [71].

V2X services can be provided by PC5 interface and/or Uu interface. Support of V2X services via PC5 interface is provided by V2X sidelink communication, which is a mode of communication whereby UEs can communicate with each other directly over the PC5 interface, as specified in TS 23.303 [62]. This communication mode is supported when the UE is served by E-UTRAN and when the UE is outside of E-UTRA coverage. Only the UEs authorised to be used for V2X services can perform V2X sidelink communication.
23.14.1.1
Support for V2X sidelink communication

The user plane protocol stack and functions, as specified in subclause 23.10.2.1 for sidelink communication, are also used for V2X sidelink communication. In addition, for V2X sidelink communication:

-
STCH for sidelink communication is also used for V2X sidelink communication.

-
Non-V2X (e.g. Public Safety) data is not multiplexed with V2X data transmitted in resources configured for V2X sidelink communication.
-
The Access Stratum (AS) is provided with the PPPP and PPPR of a protocol data unit transmitted over PC5 interface by upper layers. The packet delay budget (PDB) of the protocol data unit can be determined from the PPPP. The low PDB is mapped to the high priority PPPP value (TS 23.285 [72]).
-
The Access Stratum (AS) is provided with a transmit profile (TS 23.285 [72]) of a protocol data unit transmitted over PC5 interface by upper layers.
-
The logical channel prioritization based on PPPP is used for V2X sidelink communication.
Control plane protocol stack for SBCCH as specified in subclause 23.10.2.2 for sidelink communication is also used for V2X sidelink communication.

The UE supporting V2X sidelink communication can operate in two modes for resource allocation:

-
Scheduled resource allocation, characterized by:

-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of sidelink control information and data. Sidelink SPS is supported for scheduled resource allocation;

-
UE autonomous resource selection, characterized by:

-
The UE on its own selects resources from resource pools and performs transport format selection to transmit sidelink control information and data;

-
If mapping between the zones and V2X sidelink transmission resource pools is configured, the UE selects V2X sidelink resource pool based on the zone UE is located in.
-
The UE performs sensing for (re)selection of sidelink resources. Based on sensing results, the UE (re)selects some specific sidelink resources and reserves multiple sidelink resources. Up to 2 parallel independent resource reservation processes are allowed to be performed by the UE. The UE is also allowed to perform a single resource selection for its V2X sidelink transmission.

In order to assist the eNB to provide sidelink resources, the UE in RRC_CONNECTED may report geographical location information to the eNB. The eNB can configure the UE to report the complete UE geographical location information based on periodic reporting via the existing measurement report signaling.

Geographical zones can be configured by the eNB or pre-configured. When zones are (pre)configured, the world is divided into geographical zones using a single fixed reference point (i.e. geographical coordinates (0, 0)), length and width. The UE determines the zone identity by means of modulo operation using length and width of each zone, number of zones in length, number of zones in width, the single fixed reference point and the geographical coordinates of the UE's current location. The length and width of each zone, number of zones in length and number of zones in width are provided by the eNB when the UE is in coverage and pre-configured when the UE is out of coverage. The zone is configurable for both in coverage and out of coverage.

For in coverage UE, when the UE uses UE autonomous resource selection, the eNB can provide the mapping between zone(s) and V2X sidelink transmission resource pools in RRC signalling. For out of coverage UEs, the mapping between the zone(s) and V2X sidelink transmission resource pools can be pre-configured. If a mapping between zone(s) and V2X sidelink transmission resource pool is (pre-)configured, the UE selects transmission sidelink resources from the resource pool corresponding to the zone where it is currently located. The zone concept is not applied to exceptional V2X sidelink transmission pools as well as reception pools. Resource pools for V2X sidelink communication are not configured based on priority.

For V2X sidelink transmission, during handover, transmission resource pool configurations including exceptional transmission resource pool for the target cell can be signaled in the handover command to reduce the transmission interruption. In this way, the UE may use the V2X sidelink transmission resource pools of the target cell before the handover is completed as long as either synchronization is performed with the target cell in case eNB is configured as synchronization source or synchronization is performed with GNSS in case GNSS is configured as synchronization source. If the exceptional transmission resource pool is included in the handover command, the UE uses randomly selected resources from the exceptional transmission resource pool, starting from the reception of handover command. If the UE is configured with scheduled resource allocation in the handover command, the UE continues to use the exceptional transmission resource pool while the timer associated with handover is running. If the UE is configured with autonomous resource selection in the target cell the UE continues to use the exceptional transmission resource pool until the sensing results on the transmission resource pools for autonomous resource selection are available. For exceptional cases (e.g. during RLF, during transition from RRC IDLE to RRC CONNECTED or during change of dedicated V2X sidelink resource pools within a cell), the UE may select resources in the exceptional pool provided in serving cell's SIB21 or in dedicated signalling based on random selection, and uses them temporarily. During cell reselection, the RRC_IDLE UE may use the randomly selected resources from the exceptional transmission resource pool of the reselected cell until the sensing results on the transmission resource pools for autonomous resource selection are available.
In order to avoid interruption time in receiving V2X messages due to delay in acquiring reception pools broadcasted from the target cell, synchronisation configuration and reception resource pool configuration for the target cell can be signaled to RRC_CONNECTED UEs in the handover command. For RRC_IDLE UE, it is up to UE implementation to minimize V2X sidelink transmission/reception interruption time associated with acquisition of SIB21 of the target cell.

A UE is considered in-coverage on the carrier used for V2X sidelink communication whenever it detects a cell on that carrier as per criteria specified in TS 36.331 [16]. If the UE that is authorized for V2X sidelink communication is in-coverage on the frequency used for V2X sidelink communication or if the eNB provides V2X sidelink configuration for that frequency (including the case where UE is out of coverage on that frequency), the UE uses the scheduled resource allocation or UE autonomous resource selection as per eNB configuration. When the UE is out of coverage on the frequency used for V2X sidelink communication and if the eNB does not provide V2X sidelink configuration for that frequency, the UE may use a set of transmission and reception resource pools pre-configured in the UE. V2X sidelink communication resources are not shared with other non-V2X data transmitted over sidelink.

An RRC_CONNECTED UE may send a Sidelink UE Information message to the serving cell if it is interested in V2X sidelink communication transmission in order to request sidelink resources.

If the UE is configured by upper layers to receive V2X sidelink communication and V2X sidelink reception resource pools are provided, the UE receives on those provided resources.

Reception of V2X sidelink communication in different carriers/PLMNs can be supported by having multiple receiver chains in the UE.
For sidelink SPS, maximum 8 SPS configurations with different parameters can be configured by eNB and all SPS configurations can be active at the same time. The activation/deactivation of SPS configuration is signalled via PDCCH by eNB. The existing logical channel prioritization based on PPPP is used for sidelink SPS.

UE assistance information can be provided to eNB. Reporting of UE assistance information is configured by eNB for V2X sidelink communication. The UE assistance information used for V2X sidelink communication includes traffic characteristic parameters (e.g. a set of preferred SPS interval, timing offset with respect to subframe 0 of the SFN 0, PPPP, PPPR, Destination Layer-2 ID, and maximum TB size based on observed traffic pattern) related to the SPS configuration. The UE assistance information can be reported in case either SPS is already configured or not. Triggering of UE assistance information transmission is left to UE implementation. For instance, the UE is allowed to report UE assistance information when change in estimated periodicity and/or timing offset of packet arrival occurs. SR mask per traffic type is not supported for V2X sidelink communication.
The serving cell can provide synchronization configuration for the carrier used for V2X sidelink communication. In this case, the UE follows the synchronization configuration received from serving cell. In case there is no cell detected on the carrier used for V2X sidelink communication and the UE does not receive synchronization configuration from serving cell, the UE follows preconfigured synchronization configuration. There are three types of synchronization reference, namely eNB, UE and GNSS. In case GNSS is configured as synchronization source, the UE utilizes the UTC time and (pre)configured DFN offset to calculate direct frame number and subframe number. In case eNB timing is configured as synchronization reference to the UE, for synchronization and DL measurements, the UE follows the cell associated with the concerned frequency (when in-coverage on this frequency), or the PCell or the serving cell (when out of coverage on the concerned frequency). UE can indicate the current synchronization reference type it is using to the eNB. One transmission pool for scheduled resource allocation is configured, taking into account the synchronization reference of the UE.
For controlling channel utilization, the network is able to indicate how the UE adapts its transmission parameters for each transmission pool depending on the Channel Busy Ratio (CBR). The UE measures all the configured transmission pools including exceptional pool. If a pool is (pre)configured such that a UE shall always transmit PSCCH and PSSCH in adjacent resource blocks the UE measures PSCCH and PSSCH resources together. If a pool is (pre)configured such that a UE may transmit PSCCH and the corresponding PSSCH in non-adjacent resource blocks in a subframe then PSSCH pool and PSCCH pool are measured separately.
A UE in RRC_CONNECTED can be configured to report CBR measurement results. For CBR reporting, periodic reporting and event triggered reporting are supported. Two reporting events are introduced for event-triggered CBR reporting. In case PSSCH and PSCCH resources are placed non-adjacently, only PSSCH pool measurement is used for event-triggered CBR reporting. In case PSSCH and PSCCH resources are placed adjacently, CBR measurement of both the PSSCH and PSCCH resources is used for event-triggered CBR reporting. Event-triggered CBR reporting is triggered by overloaded threshold and/or less-loaded threshold. The network can configure which of the transmission pools the UE needs to report.

A UE (regardless of its RRC state) performs transmission parameter adaptation based on the CBR. In case PSSCH and PSCCH resources are placed non-adjacently, only PSSCH pool measurement is used for transmission parameter adaptation. In case PSSCH and PSCCH resources are placed adjacently, CBR measurement of both the PSSCH and PSCCH resources is used for transmission parameter adaptation. When CBR measurements are not available, the default transmission parameters are used. The exemplary adapted transmission parameters include maximum transmission power, range of the number of retransmission per TB, range of PSSCH RB number, range of MCS, maximum limit on channel occupancy ratio. The transmission parameter adaption applies to all transmission pools including exceptional pool.
A UE using scheduled resource allocation may be configured to perform sensing and periodically report the sensing result. The UE performs sensing only in the V2X sidelink transmission resource pool(s) for which reporting is configured
For V2X sidelink communication, sidelink transmission and/or reception resources including exceptional pool for different frequencies for scheduled resource allocation and UE autonomous resource selection may be provided. The sidelink resources for different frequencies can be provided via dedicated signalling, SIB21 and/or preconfiguration. The serving cell may indicate to the UE only the frequency on which the UE may acquire the resource configuration for V2X sidelink communication. If multiple frequencies and associated resource information are provided, it is up to UE implementation to select the frequency among the provided frequencies. The UE shall not use preconfigured transmission resource if the UE detects a cell providing resource configuration or inter-carrier resource configuration for V2X sidelink communication. Frequencies which may provide V2X sidelink communication resource configuration or cross-carrier configuration can be signalled in SIB21 or pre-configured in the UE. The RRC_IDLE UE may prioritize the frequency that provides cross-carrier resource configuration for V2X sidelink communication during cell reselection.

If the UE supports multiple transmission chains, it may simultaneously transmit on multiple carriers via PC5. For the case where multiple frequencies for V2X are supported, a mapping between V2X service types and V2X frequencies is configured by upper layers. The UE should ensure a V2X service to be transmitted on the corresponding frequency. For scheduled resource allocation, the eNB can schedule a V2X transmission on a frequency based on the Sidelink BSR, as specified in TS 36.321 [13], in which the UE includes the Destination Index uniquely associated with a frequency reported by the UE to the eNB in Sidelink UE Information message as specified in TS 36.331 [16].
Carrier aggregation (CA) in sidelink is supported for V2X sidelink communication. It applies to both in coverage UEs and out of coverage UEs. For CA in sidelink, neither primary component carrier nor secondary component carriers are defined. Each resource pool (pre)configured for V2X sidelink communication transmission or reception is associated to a single carrier. When a UE supporting CA in sidelink uses autonomous resource selection, it performs carrier selection and may select one or more carriers used for V2X sidelink communication transmission. The carrier selection is performed at MAC layer, depending on the CBR of the (pre)configured carriers for V2X sidelink communication and the PPPP(s) of the V2X messages to be transmitted. The carrier reselection may be performed when resource reselection is triggered and is triggered for each sidelink process. In order to avoid frequent switching across different carriers, the UE may keep using a carrier already selected for transmission, if the measured CBR on this carrier is lower than a (pre)configured threshold. All selected carriers should have the same synchronization reference or the same synchronization priority configuration. For a UE using autonomous resource selection, logical channel prioritization is performed for a sidelink resource on a carrier depending on the CBR measured on the carrier and the PPPP of the sidelink logical channels as specified in TS 36.321 [13].

Sidelink packet duplication is supported for V2X sidelink communication and is performed at PDCP layer of the UE. For sidelink packet duplication for transmission, a PDCP PDU is duplicated at the PDCP entity. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively. The duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers. A UE can activate or deactivate sidelink packet duplication based on (pre)configuration. Sidelink packet duplication does not apply to transmission with Rel-14 transmit profile (TS 23.285 [72]). The PPPR value(s) for which sidelink packet duplication is supported can be (pre)configured via a PPPR threshold. For UE autonomous resource selection and scheduled resource allocation, the UE shall perform sidelink packet duplication for the data with the configured PPPR value(s) until packet duplication is deconfigured for these PPPR value(s). For scheduled resource allocation, the UE reports the amount of data associated with one or more PPPR values, and the destination(s) to which the data belongs via sidelink BSR(s). A mapping of PPPR values to logical channel groups can be configured by the eNB, and the PPPR value(s) are reflected by the associated logical channel group ID included in the sidelink BSR(s). A list of PPPR value(s) may be reported in Sidelink UE information by an RRC_CONNECTED UE.

For a UE using scheduled resource allocation, two non-overlapped sets of carriers are configured by the eNB per Destination reported by the UE to the network, and they apply to all the PPPR(s) that are configured for sidelink packet duplication. The UE then associates two duplicated sidelink logical channels corresponding to the same PDCP entity respectively with the two sets of carriers configured for the Destination of the two sidelink logical channels. The association between the duplicated sidelink logical channel and the carrier set is up to UE implementation. Data of a duplicated sidelink logical channel can only be transmitted on the carrier(s) in the associated carrier set.

For V2X sidelink communication reception, packet duplication detection is performed at PDCP layer of the UE. Reordering function is also supported at PDCP layer and how to set the reordering timer at the PDCP layer is up to UE implementation. There are specific logical channel identities which apply to the sidelink logical channel used for sidelink packet duplication exclusively as specified in TS 36.321 [13].
The UE may receive the V2X sidelink communication of other PLMNs. The serving cell can indicate to the UE the resource configuration for V2X sidelink communication reception for inter-PLMN operation directly or only the frequency on which the UE may acquire the inter-PLMN resource configuration for V2X sidelink communication reception. V2X sidelink communication transmission in other PLMNs is not allowed.

When UL transmission overlaps in time domain with V2X sidelink transmission in the same frequency, the UE prioritizes the V2X sidelink transmission over the UL transmission if the PPPP of sidelink MAC PDU is lower than a (pre)configured PPPP threshold; otherwise, the UE prioritizes the UL transmission over the V2X sidelink transmission. When UL transmission overlaps in time domain with V2X sidelink transmission in different frequency, the UE may prioritize the V2X sidelink transmission over the UL transmission or reduce UL transmission power if the PPPP of sidelink MAC PDU is lower than a (pre)configured PPPP threshold; otherwise, the UE prioritizes the UL transmission over the V2X sidelink transmission or reduces V2X sidelink transmission power. However, if UL transmission is prioritized by upper layer as specified in TS 24.386 [75] or random access procedure is performed, the UE prioritizes UL transmission over any V2X sidelink transmission (i.e. irrespectively of the sidelink MAC PDU's PPPP).

Resource pool for transmission of pedestrian UE (P-UE) may be overlapped with resources for V2X sidelink communication. For each transmission pool, resource selection mechanism (i.e. random selection, partial sensing based selection or either random selection or partial sensing based selection), which is allowed to be used in this pool, is also configured. If P-UE is configured to use either random selection or partial sensing based selection for one transmission pool, it is up to UE implementation to select a specific resource selection mechanism. If the P-UE is configured to use partial sensing based selection only, the P-UE shall use partial sensing based selection in the pool. The P-UE shall not do random selection in the pool wherein only partial sensing is allowed. If the eNB does not provide a random selection pool, the P-UEs that support only random selection cannot perform sidelink transmission. In exceptional pool, the P-UE uses random selection. The P-UE can send Sidelink UE Information message to indicate that it requests resource pools for P2X-related V2X sidelink communication transmission as specified in TS 36.331 [16].
It is not mandatory for P-UE to support zone based resource selection. The P-UE reports whether it supports zone based resource selection as part of UE capability signalling. If the P-UE supports zone based resource selection, the network can provide zone based configuration via only dedicated signalling.
Power saving of P-UE can be achieved by UE implementation and upper layer mechanisms. P-UE does not perform CBR measurement. However, P-UE adjusts the transmission parameters based on the default transmission parameter configuration, which can be provided to the P-UE via RRC signalling.

To support the co-existence of CEN DSRC and V2X sidelink communication, the upper layers of the UE which is performing V2X sidelink communication send an indication to lower layers when the UE is within the proximity of CEN DSRC tolling station(s).
Next Modified Subclause
23.17
Support for Aerial UE communication

23.17.1
General

E-UTRAN based mechanisms providing LTE connection to UEs capable of Aerial communication are supported via the following functionalities:

-
subscription-based Aerial UE identification and authorization, as specified in TS 23.401 [17], clause 4.3.31.

-
height reporting based on the event that the UE's altitude has crossed a network-configured reference altitude threshold.

-
interference detection based on a measurement reporting that is triggered when a configured number of cells (i.e. larger than one) fulfills the triggering criteria simultaneously.

-
signalling of flight path information from UE to E-UTRAN.

-
Location information reporting, including UE's horizontal and vertical velocity.

23.17.2
Subscription based identification of Aerial UE function

Support of Aerial UE function is stored in the user's subscription information in HSS. HSS transfers this information to the MME during Attach, Service Request and Tracking Area Update procedures.

The subscription information can be provided from the MME to the eNB via the S1 AP Initial Context Setup Request during Attach, Tracking Area Update and Service Request procedures. In addition, for X2-based handover, the source eNodeB can include the subscription information in the X2-AP Handover Request message to the target eNodeB.

For the intra and inter MME S1 based handover, the MME provides the subscription information to the target eNB after the handover procedure.

23.17.3
Height based reporting for Aerial UE communication

An aerial UE can be configured with event based height reporting. UE sends height report when the altitude of the aerial UE is above or below a configured threshold. The report contains height and location if configured as described in 23.17.6.

23.17.4
Interference detection and mitigation for Aerial UE communication
For interference detection, an aerial UE can be configured with RRM event A3, A4 or A5 that triggers measurement report when individual (per cell) RSRP values for a configured number of cells fulfill the configured event. The report contains RRM results and location if configured, as described in 23.17.6.

For interference mitigation an aerial UE can be configured with a dedicated UE-specific alpha parameter for PUSCH power control.
Next Modified Subclause
24.2.2
Control Plane
The figure below shows the protocol stack for the control plane, where:

-
NR PDCP sublayer (terminated in ng-eNB on the network side) performs the functions listed for the control plane in subclause 6.4 of TS 38.300 [79]. The UE uses only NR PDCP for both SRBs and DRBs when connected to 5GC. 
-
RLC and MAC sublayers (terminated in ng-eNB on the network side) perform the functions listed in subclause 6.2 and 6.1;

-
RRC (terminated in ng-eNB on the network side) performs the functions listed in subclause 7;

-
NAS control protocol (terminated in AMF on the network side) performs the functions listed in TS 23.501 [82], for instance: authentication, mobility management, security control.
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Figure 24.2.2-1: Control Plane Protocol Stack

24.3
Layer 2
The layer 2 of E-UTRA connected to 5GC is split into the following sublayers: Medium Access Control (MAC), Radio Link Control (RLC), Packet Data Convergence Protocol (PDCP) and Service Data Adaptation Protocol (SDAP).
-
The physical layer offers to the MAC sublayer transport channels, see subclause 5;

-
The MAC sublayer offers to the RLC sublayer logical channels, see subclause 6.1;

-
The RLC sublayer offers to the PDCP sublayer RLC channels, see subclause 6.2;


-
The NR PDCP sublayer offers to the SDAP sublayer data radio bearers, and offers to the RRC sublayer signalling radio bearers, see TS 38.323 [81];

-
The SDAP sublayer offers to 5GC QoS flows, see TS 37.324 [80].
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