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3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Access Control: the process that checks whether a UE is allowed to access and to be granted services in a closed cell.

Carrier frequency: center frequency of the cell.

Cell: combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources. 
Cell Group: in dual connectivity, a group of serving cells associated with either the MeNB or the SeNB
CSG Cell: a cell broadcasting a CSG indicator set to true and a specific CSG identity.

CSG ID Validation: the process that checks whether the CSG ID received via handover messages is the same as the one broadcast by the target E-UTRAN.
CSG member cell: a cell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN and for which the CSG whitelist of the UE includes an entry comprising cell’s CSG ID and the respective PLMN identity.
Dual Connectivity: mode of operation of a UE in RRC_CONNECTED, configured with a Master Cell Group and a Secondary Cell Group.
E-RAB: an E-RAB uniquely identifies the concatenation of an S1 Bearer and the corresponding Data Radio Bearer. When an E-RAB exists, there is a one-to-one mapping between this E-RAB and an EPS bearer of the Non Access Stratum as defined in [17].

Frequency layer: set of cells with the same carrier frequency.

Handover: procedure that changes the serving cell of a UE in RRC_CONNECTED.

Hybrid cell: a cell broadcasting a CSG indicator set to false and a specific CSG identity. This cell is accessible as a CSG cell by UEs which are members of the CSG and as a normal cell by all other UEs.

Local Home Network: as defined in TS 23.401 [17].
Master Cell Group: in dual connectivity, a group of serving cells associated with the MeNB, comprising of the PCell and optionally one or more SCells.
Master eNB: in dual connectivity, the eNB which terminates at least S1-MME.
MCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the MeNB to use MeNB resources only.
MBMS-dedicated cell: cell dedicated to MBMS transmission. MBMS-dedicated cell is not supported in this release.

MBMS/Unicast-mixed: cell supporting both unicast and MBMS transmissions.

Membership Verification: The process that checks whether a UE is a member or non-member of a hybrid cell.

PLMN ID Check: the process that checks whether a PLMN ID is the RPLMN identity or an EPLMN identity of the UE.
Power saving mode: Mode configured and controlled by NAS that allows the UE to reduce its power consumption, as defined in TS 24.301 [20], TS 23.401 [17], TS 23.682 [57].

Primary Timing Advance Group: Timing Advance Group containing the PCell. In this specification, Primary Timing Advance Group refers also to Timing Advance Group containing the PSCell unless explicitly stated otherwise.

Public Safety ProSe Carrier: Carrier frequency for public safety ProSe Direct Communication.

SCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the SeNB to use SeNB resources.
Secondary Cell Group: in dual connectivity, a group of serving cells associated with the SeNB, comprising of PSCell and optionally one or more SCells.
Secondary eNB: in dual connectivity, the eNB that is providing additional radio resources for the UE but is not the Master eNB.
Secondary Timing Advance Group: Timing Advance Group not containing the PCell nor PSCell.
Sidelink: UE to UE interface for ProSe Direct Communication and ProSe Direct Discovery. The sidelink corresponds to the PC5 interface as defined in TS 23.303 [62].

Sidelink Control period: Period over which resources allocated in a cell for Sidelink Control transmissions occur. It is same as PSCCH period [6].
Split bearer: in dual connectivity, a bearer whose radio protocols are located in both the MeNB and the SeNB to use both MeNB and SeNB resources.

Timing Advance Group: a group of serving cells that is configured by RRC and that, for the cells with an UL configured, use the same timing reference cell and the same Timing Advance value.

6
Layer 2

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 two figures below depict the PDCP/RLC/MAC architecture for downlink and uplink, 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 CA is not 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.
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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:
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. 
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Figure 6-3: Layer 2 Structure for Sidelink
6.1.2
Logical Channels

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, PCCH and SBCCH.

6.1.3.3
Mapping in Sidelink (ProSe Direct Communication)
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Figure 6.1.3.3-1: Mapping between Sidelink logical channels and Sidelink transport channels
(ProSe Direct Communication)

In Sidelink, the following connections between logical channels and transport channels exist:
-
STCH can be mapped to SL-SCH;

-
SBCCH can be mapped to SL-BCH.
8.3
ProSe Direct Communication related identities
The following identities are used for ProSe Direct Communication:
-
SL-RNTI: Unique identification used for ProSe Direct Communication Scheduling;
-
Source Layer-2 ID: Identifies the sender of the data in sidelink ProSe Direct Communication. The Source Layer-2 ID is 24 bits long and is used together with ProSe Layer-2 Group ID and LCID for identification of the RLC UM entity and PDCP entity in the receiver;
-
Destination Layer-2 ID: Identifies the target of the data in sidelink ProSe Direct Communication. The Destination Layer-2 ID is 24 bits long and is split in the MAC layer into two bit strings:

· One bit string is the LSB part (8 bits) of Destination Layer-2 ID and forwarded to physical layer as Sidelink Control Layer-1 ID. This identifies the target of the intended data in Sidelink Control and is used for filtering of packets at the physical layer.

· Second bit string is the MSB part (16 bits) of the Destination Layer-2 ID and is carried within the MAC header. This is used for filtering of packets at the MAC layer.
No Access Stratum signalling is required for group formation and to configure Source Layer-2 ID, Destination Layer-2 ID and Sidelink Control Layer-1 ID in the UE. These identities are either provided by higher layer or derived from identities provided by higher layer. In case of groupcast and broadcast, the ProSe UE ID[62] provided by higher layer is used directly as the Source Layer-2 ID and the ProSe Layer-2 Group ID[62] provided by higher layer is used directly as the Destination Layer-2 ID in the MAC layer.
23.10.1
General

ProSe Direct Communication is a mode of communication whereby UEs can communicate with each other directly over the PC5 interface [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 those UEs authorised to be used for public safety operation can perform ProSe Direct Communication.

In order to perform synchronisation SBCCH carries the most essential system information needed to receive other ProSe channels and signals. SBCCH along with synchronisation signal is transmitted with a fixed periodicity of 40ms. When the UE is in network coverage, the contents of SBCCH are derived from the parameters signalled by the eNB. When the UE is out of coverage, if the UE selects another UE as a synchronization reference, then the content of SBCCH is derived from the received SBCCH; otherwise UE uses pre-configured parameters. There is only one subframe every 40ms for synchronisation signal and SBCCH transmission for in-coverage operation. SIB18 provides the resource information for synchronisation signal and SBCCH transmission. There are two pre-configured subframes every 40ms for out of coverage operation. UE receives synchronisation signal and SBCCH in one subframe and transmit synchronisation signal and SBCCH on another subframe if UE becomes synchronisation source based on defined criterion [16].

UE performs Prose Direct Communication on subframes defined over the duration of Sidelink Control period. The Sidelink Control period is the period over which resources allocated in a cell for Sidelink Control and Sidelink Data transmissions occur. Within the Sidelink Control period the UE sends a Sidelink Control followed by Sidelink data. Sidelink Control indicates a Layer 1 ID and characteristics of the transmissions (e.g. MCS, location of the resource(s) over the duration of Sidelink Control period, timing alignment).

The UE performs transmission and reception of Uu and PC5 with the following decreasing priority order:
· Uu transmission/reception (highest priority);
· PC5 ProSe Direct Communication transmission/reception;
· PC5 ProSe Direct Discovery announcement/monitoring (lowest priority).
23.10.3
Radio resource allocation

The UE supporting ProSe Direct 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 and data;
-
The UE sends a scheduling request (D-SR or Random Access) to the eNB followed by a ProSe BSR. Based on the ProSe BSR the eNB can determine that the UE has data for a ProSe Direct Communication transmission and estimate the resources needed for transmission. eNB can schedule transmission resources for ProSe Direct Communication using configured SL-RNTI.
-
UE autonomous resource selection is characterized by:
-
A UE on its own selects resources from resource pools to transmit Sidelink Control and data.
UE in RRC_CONNECTED may send the ProSe Direct indication to eNB when UE becomes interested in ProSe Direct Communication. In response eNB may configure the UE with a SL-RNTI.

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

-
If the UE is out of coverage it can only use UE autonomous resource selection;
-
If the UE is in coverage it may use scheduled resource allocation or autonomous resource selection as per eNB configuration;
-
If the UE is in coverage it shall use only the resource allocation mode indicated by eNB configuration unless one of the exceptional cases as specified in [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 ProSe Direct 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 ProSe Direct Communication only while camping on the frequency;
-
An RRC_CONNECTED UE served by a cell in another carrier frequency may send a ProSe Direct Communication indication to its serving cell when it wants to perform ProSe Direct Communication. The indication contains the intended Public Safety ProSe Carrier;
-
The serving cell indicates with the presence of SIB 18 whether the UE is allowed to send the ProSe Direct Communication 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, or if it fails, the UE may still perform ProSe Direct 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 ProSe Direct 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 SIB 18;

-
UEs that are authorized for Prose Direct Communication may use these resources for ProSe Direct Communication in RRC_IDLE in the cell in the same carrier (i.e. Public Safety ProSe Carrier).
-
UEs that are authorized for Prose Direct Communication may use these resources for ProSe Direct Communication in RRC_IDLE or RRC_CONNECTED in a cell in another carrier.

-
The cell on the Public Safety ProSe Carrier may indicate in SIB 18 that it supports ProSe Direct Communication but does not provide transmission resources. UEs need to enter RRC_CONNECTED to perform ProSe Direct Communication transmission. In this case the cell on the Public Safety ProSe Carrier may provide in broadcast signalling a fallback transmission resource pool for UE autonomous resource selection, to be used by the UE in exceptional cases, as specified in [16].
-
A UE in RRC_CONNECTED that is authorized to perform ProSe Direct Communication transmission indicates to the serving eNB that it wants to perform ProSe Direct Communication transmissions;
-
The eNB validates whether the UE is authorized for ProSe Direct 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 RRC_CONNECTED. Alternatively, 
the eNB may configure a UE to use the fallback transmission resource pool for UE autonomous resource selection which the UE is allowed to use only in exceptional cases, as specified in [16], and rely on scheduled resource allocation otherwise.

23.11.1
General

ProSe Direct Discovery is defined as the procedure used by the UE supporting ProSe Direct Discovery to discover other UE(s) in its proximity, using E-UTRA direct radio signals via PC5. ProSe Direct Discovery is supported only when the UE is served by E-UTRAN.
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Figure 23.11.1-1: PC5 interface for ProSe Direct Discovery [62]
Upper layer handles authorization for announcement and monitoring of discovery message.
Content of discovery message is transparent to Access Stratum (AS) and no distinction in AS is made for ProSe Direct Discovery models and types of ProSe Direct Discovery [62].
NOTE:
The ProSe Protocol ensures that only valid discovery messages are delivered to AS for announcement.
The UE can participate in announcing and monitoring of discovery message in both RRC_IDLE and RRC_CONNECTED states as per eNB configuration. The UE announces and monitors its discovery message subject to the half-duplex constraint.

The UE that participates in announcing and monitoring of discovery messages maintains the current UTC time. The UE that participates in announcing transmits the discovery message which is generated by the ProSe Protocol taking into account the UTC time upon transmission of the discovery message. In the monitoring UE the ProSe Protocol provides the message to be verified together with the UTC time upon reception of the message to the ProSe Function.
NOTE:
UE may obtain UTC time from the RAN via SIB16 or from other sources such as NITZ, NTP, and GNSS depending on their availability.
There are three range classes. Upper layer authorisation provides applicable range class of the UE. Maximum allowed transmission power for each range class is signalled in SIB19. UE uses the applicable maximum allowed transmission power corresponding to its authorised range class. This puts an upper limit on the determined transmit power based on open loop power control parameters.
23.11.3
Radio resource allocation

There are two types of resource allocation for discovery message announcement.

-
UE autonomous resource selection: A resource allocation procedure where resources for announcing of discovery message are allocated on a non UE specific basis, further characterized by:

-
The eNB provides the UE(s) with the resource pool configuration used for announcing of discovery message. The configuration may be signalled in broadcast or dedicated signalling;
-
The UE autonomously selects radio resource(s) from the indicated resource pool and announces discovery message.
-
The UE can announce discovery message on a randomly selected discovery resource during each discovery period;
-
Scheduled resource allocation: A resource allocation procedure where resources for announcing of discovery message are allocated on per UE specific basis, further characterized by:

-
The UE in RRC_CONNECTED may request resource(s) for announcing of discovery message from the eNB via RRC;
-
The eNB assigns resource(s) via RRC;
-
The resources are allocated within the resource pool that is configured in UEs for monitoring.
For UEs in RRC_IDLE:

-
The eNB may select one of the following options:
-
The eNB may provide a resource pool for UE autonomous resource selection based discovery message announcement in SIB 19. UEs that are authorized for Prose Direct Discovery use these resources for announcing discovery message in RRC_IDLE;
-
The eNB may indicate in SIB 19 that it supports ProSe Direct Discovery but does not provide resources for discovery message announcement. UEs need to enter RRC_CONNECTED in order to request resources for discovery message announcement.
For UEs in RRC_CONNECTED:
-
A UE authorized to perform ProSe Direct Discovery announcement indicates to the eNB that it wants to perform ProSe Direct Discovery announcement;
-
The eNB validates whether the UE is authorized for ProSe Direct Discovery announcement using the UE context received from MME;
-
The eNB may configure the UE with resource pool for UE autonomous resource selection for discovery message announcement via dedicated signalling;

-
The eNB may configure resource pool along with dedicated resource in the form of time and frequency indices for discovery message announcement via dedicated RRC signalling;
-
The dedicated resources allocated by the eNB are valid until;
-
The eNB re-configures the resource(s) by RRC signalling or;
-
The UE enters RRC_IDLE.
Authorised receiving UEs in RRC_IDLE and RRC_CONNECTED monitor resource pools used for UE autonomous resource selection and resource pools for scheduled resource allocation. The eNB provides the resource pool configuration used for discovery message monitoring in SIB 19. The SIB 19 may contain detailed ProSe Direct Discovery configuration used for announcing in neighbour cells of intra-frequency as well.

Synchronous and asynchronous deployments are supported. Discovery resources can be overlapping or non-overlapping across cells.
A UE if authorised by the NW can announce discovery message only on serving cell. The UE can monitor discovery resources in the same as well as other frequencies than the serving cell, in same or different PLMNs.
· The serving cell may provide in SIB 19 a list of frequencies along with PLMN ID on which the UE may aim to monitor discovery message;
· The serving cell does not provide detailed ProSe Discovery configuration for other carrier frequencies. The UE shall read SIB19 and other relevant SIBs on other carriers if it wants to perform discovery message monitoring on those carriers;

· Obtaining ProSe Direct Discovery configuration by reading SIB19 (and other SIBs) of an inter-frequency and/or inter-PLMN cell shall not affect the UE’s Uu reception on the serving cell(s);
· Intra-frequency, inter-frequency and inter-PLMN ProSe Direct Discovery monitoring shall not affect Uu reception.Intra-frequency ProSe Direct Discovery announcing shall not affect Uu transmission;

-
The UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED or second RX chain if it is available, for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring;

-
The UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED for intra-frequency ProSe Direct Discovery announcement;

-
The UE shall not create autonomous gaps;


· An RRC_CONNECTED UE indicates to the serving cell if it is interested or no longer interested in intra-frequency, inter-frequency or inter-PLMN discovery message monitoring.
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