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Next Modified Subclause
5
Physical Layer for E-UTRA
--------------------------------------------------------Skip the unmodified part----------------------------------------------------------

5.X Pysical Layer for ProSe
5.X.1
D2D Communication
Editor’s Note: Physical layer details will be added as per RAN1 input
5.X.2
D2D Discovery
Editor’s Note: Physical layer details will be added as per RAN1 input
Next Modified Subclause
6
Layer 2

--------------------------------------------------------Skip the unmodified part----------------------------------------------------------

6.1
MAC Sublayer

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.
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 cell. 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 and PCCH.

6.1.2.1
Control Channels

Control channels are used for transfer of control plane information only. The control channels offered by MAC are:

-
Broadcast Control Channel (BCCH)


A downlink channel for broadcasting system control information.

-
Paging Control Channel (PCCH)


A downlink channel that transfers paging information and system information change notifications. This channel is used for paging when the network does not know the location cell of the UE.

-
Common Control Channel (CCCH)


Channel for transmitting control information between UEs and network. This channel is used for UEs having no RRC connection with the network.

-
Multicast Control Channel (MCCH)


A point-to-multipoint downlink channel used for transmitting MBMS control information from the network to the UE, for one or several MTCHs. This channel is only used by UEs that receive or are interested to receive MBMS.

-
Dedicated Control Channel (DCCH)


A point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. Used by UEs having an RRC connection.

6.1.2.2
Traffic Channels

Traffic channels are used for the transfer of user plane information only. The traffic channels offered by MAC are:

-
Dedicated Traffic Channel (DTCH)


A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user information. A DTCH can exist in both uplink and downlink.

-
Multicast Traffic Channel (MTCH)


A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. This channel is only used by UEs that receive MBMS.
Editor’s Note: Define traffic channel for D2D communication
6.1.3
Mapping between logical channels and transport channels

6.1.3.1
Mapping in Uplink

The figure below depicts the mapping between uplink logical channels and uplink transport channels:
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Figure 6.1.3.1-1: Mapping between uplink logical channels and uplink transport channels

In Uplink, the following connections between logical channels and transport channels exist:

-
CCCH can be mapped to UL-SCH;

-
DCCH can be mapped to UL- SCH;

-
DTCH can be mapped to UL-SCH.

6.1.3.2
Mapping in Downlink

The figure below depicts the mapping between downlink logical channels and downlink transport channels:
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Figure 6.1.3.2-1: Mapping between downlink logical channels and downlink transport channels

In Downlink, the following connections between logical channels and transport channels exist:

-
BCCH can be mapped to BCH;

-
BCCH can be mapped to DL-SCH;

-
PCCH can be mapped to PCH;

-
CCCH can be mapped to DL-SCH;

-
DCCH can be mapped to DL-SCH;

-
DTCH can be mapped to DL-SCH;

-
MTCH can be mapped to MCH;

-
MCCH can be mapped to MCH.

Editor’s Note: Logical to transport channel mapping for D2D communication and Discovery
6.1.4
D2D communication
Specific behaviour of MAC for D2D communication includes: 
· There is no HARQ feedback for D2D communication.
· The MAC header comprises a L2 Source ID and a L2 Target ID.
· L2 Source ID and L2 Target ID allow filtering out packets at MAC layer and identification of the receiver RLC UM entity. 
· The L2 Target ID may be a broadcast, group cast or unicast L2 address.

· MAC sub header contains LCIDs (to differentiate multiple logical channels).
· Multiplexing/demultiplexing, priority handling and padding are useful for D2D communication
6.1.5
D2D Discovery
Specific behaviour of MAC for D2D discovery includes: 

· No MAC header is added.
6.2
RLC Sublayer

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.

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
6.2.3
D2D communication
Specific behaviour of RLC for D2D communication includes: 
· RLC UM is used for D2D communication. 
· Segmentation and reassembly of RLC SDUs are performed
· A receiving UE needs to maintain at least one RLC UM entity per transmitting peer UE. 

· An RLC UM receiver entity does not need to be configured prior to reception of the first RLC UM data unit
6.3
PDCP Sublayer

This subclause provides an overview on services, functions and PDU structure provided by the PDCP sublayer.

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer for the user plane include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data;

-
In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM;

-
Duplicate detection of lower layer SDUs at PDCP re-establishment procedure for RLC AM;

-
Retransmission of PDCP SDUs at handover for RLC AM;

-
Ciphering and deciphering;

-
Timer-based SDU discard in uplink.

NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.

The main services and functions of the PDCP for the control plane include:

-
Ciphering and Integrity Protection;

-
Transfer of control plane data.
6.3.2
PDU Structure

Figure 6.3.2-1 below depicts the PDCP PDU structure for user plane data, where:

-
PDCP PDU and PDCP header are octet-aligned;

-
PDCP header can be either 1 or 2 bytes long.
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Figure 6.3.2-1: PDCP PDU Structure

The structures for control PDCP PDUs and for control plane PDCP data PDUs are specified in [15].

6.3.3
D2D communication
Specific behaviour of PDCP for D2D communication includes: 

· U-Mode is used for header compression in PDCP for D2D Communication.

Editor’s Note: Security support for D2D communication will be addressed based on input by from SA3.

Next Modified Subclause
8
E-UTRAN identities

--------------------------------------------------------Skip the unmodified part----------------------------------------------------------

8.X
D2D communication related Identities

The following identities are used for D2D communication TS 36.303:

L2 Source ID: Identifies the sender of the packet in Ud interface. It is used for identification of the receiver RLC UM entity
L2 Target ID: Identifies the target of the packet in Ud interface. It is used for filtering out packets at MAC layer and identification of the receiver RLC UM entity. The L2 target ID may be a broadcast, group cast or unicast address.
SA L1 ID: Identifier part of SA in Ud interface. It is used for filtering out packets at PHY layer. The SA L1 ID may be a broadcast, group cast or unicast address.

NOTE:
No Access Stratum signalling is required for group formation and to configure Source ID and Target ID in the UE. This information is provided by higher layers.
NOTE:
In case of group- and uni-cast, L2 converts the higher layer ProSe ID address identifying the destination (UE, Group) into a two bit strings of which one can be forwarded to PHY and used as SA L1 ID whereas the other is used as L2 Target ID. For broadcast L2 provides a code point which indicates that it is broadcast.  

Next Modified Subclause
23.X
Device to Device Communication
23.X.1
General

Device to Device (D2D) communication is an operation whereby two UEs can communicate with each other directly over the air. D2D communication is supported for in-coverage, out-of-covergae and partial-covergae scenarios. A transmitter UE transmits Scheduling Assignment (SA) to indicate the resources (time and frequency) used for transmission of D2D data to its receiver UE. Transmitter UE transmits the D2D data in the resources indicated by Scheduling Assignment. Blind retrsnmissions are performed, as there is no feedback on L2. 
23.X.2
Radio Protocol Architecture

In this subclause, the radio protocol architecture of E-UTRAN is given for the user plane and the control plane. Device to device communication is performed over Ud interface [23.303].
23.X.2.1
User plane

The figure below shows the protocol stack for the user-plane, where PDCP, RLC and MAC sublayers (terminates at the other UE) perform the functions listed for the user plane in subclause 6, e.g. header compression, ciphering, scheduling, ARQ and HARQ. 
Ud interface consists of PDCP, RLC, MAC and PHY as shown below in figure 23.X.2-1. 
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Figure 23.X.2-1: User-Plane protocol protocol stack for D2D Communication
23.X.2.2
Control plane

A D2D UE does not establish and maintain a logical connection to receiving D2D UEs prior to a D2D communication. 

23.X.3
Radio resource allocation

From a transmitting UE’s perspective, a UE can operate in two types for resource allocation:
-
Mode 1 (eNB scheduled resource allocation): 

· UE needs to be RRC Connected in order to transmit D2D communication.
· UE requests transmission resources from an eNodeB. The eNodeB schedules transmission resources for transmission of scheduling assignment(s) and D2D data. 

· The UE sends a scheduling request (D-SR or RA) to the eNodeB followed by a BSR based on which the eNodeB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

[image: image6]
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Figure X: request/grant procedure a) SR based, b)RACH based

· Mode 2 (UE autonomous resource selection): 

· A UE on its own selects resources from resource pools to transmit scheduling assignment and D2D data.

A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). Following rules are applied for the mode used by a UE:

· If a UE is out of coverage it can only use mode 2.
· If a UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

· If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.  
· If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily.
Editor’s Note: Criterion for exception case are FFS (e.g. if UE fails to establish an RRC connectio). We intend to define the exceptional cases rather than an edge-of-coverage “state”. 

Editor’s Note: How Mode is configured and changed.
23.X.3.1 Resource Pool for Scheduling Assignment
All UEs are provided with resource pool information (time and frequency) in which they attempt to receive scheduling assignments. 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 monitor an SA resource pool which is the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage. Out of coverage UEs can transmit on an SA resource pool which is known to the UE. In coverage UEs can transmit on an SA resource allocated by the eNB if Mode 1 is used. If Mode 2 is used then the UEs can transmit on an SA resource pool known to the UE. 

· The SA resource pool used for transmission and reception when the UE is out of coverage is pre-configured. 

· SA resource pool used for reception when the UE is in coverage is configured by the eNB via RRC, in dedicated or broadcasted signalling.
· The SA resource pool used for transmission when the UE is in coverage is not known to the UE if Mode 1 resource allocation is used. 
· eNB schedules the resource to use for SA transmission. The resource assigned by the eNB is within the SA resource pool for reception provided to the UE. 

· The SA resource pool used for transmission when the UE is in coverage is configured by the eNB via RRC if Mode 2 resource allocation is used (FFS if dedicated or broadcasted).
Next Modified Subclause
23.Y
Support for Device to Device Direct Discovery

23.Y.1
General

D2D Direct Discovery is defined as the procedure used by the D2D enabled UE to discovery other D2D enabled UE(s)  in its proximity using E-UTRA direct radio signals. The interface between two UEs for D2D direct discovery is defined as Ud [TS23.303]. 
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Figure X: Ud interface for device to device direct discovery [TS 23.303]

ProSe protocol in the UE receives authorisation from network to transmit and/or receive discovery information in the Ud interface.  
Content of discovery information is transparent to Access Stratum (AS) and no distinction in AS  is made for discovery protocol models [TS 23.303]and type of discovery information. 
NOTE:
ProSe Protocol ensures that it delivers only valid discovery information to AS for transmission. 

A UE can participate in discovery information transmission and reception in both RRC_IDLE and RRC_CONNECTED state as per NW configuration. UEs transmit their discovery information and receive discovery information from other UEs subject to half duplex constraint.
23.Y.2
Radio Protocol Architecture

Radio Protocol Stack (AS) for D2D direct discovery is shown in Figure x. 
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Figure x: Radio Protocol Stack for D2D Direct Discovery

The AS layer performs the following functions:
· Interfaces with Upper Layer (ProSe Protocol): The MAC layer receives the discovery information from the upper layer (Prose Protocol). The IP layer is not used for transmitting the discovery information..
· Scheduling: The MAC layer determines the radio resource to be used for transmitting the discovery information received from upper layer.
· Discovery PDU generation: The MAC layer builds the MAC PDU carrying the discovery information and sends the MAC PDU to the PHY layer for transmission in the determined radio resource. No MAC header is added.
In the UE, the RRC protocol informs the discovery resource pools to MAC. RRC also informs allocated dedicated resource for discovery information transmission to MAC. The MAC receiver forwards all correctly received discovery information in MAC PDU to ProSe Protocol. PHY indicates to MAC whether a MAC PDU carrying discovery information has been received correctly. 

23.Y.3
Radio resource allocation

There are two types of resource allocation for discovery information transmission.
-
Type 1: a discovery procedure where resources for discovery information transmission are allocated on a non UE specific basis
-
Type 2: a discovery procedure where resources for discovery information transmission are allocated on a per UE specific basis
The eNB may provide in a SIB message a radio resource pool configuration for discovery transmission and reception in case of Type 1 and a radio resource pool for discovery reception of Type 2. The SIB contains resources used in neighbour cell as well.
· The Discovery resource pool configuration consists of a discovery period and the number of sub-frames within a discovery period that can be used for transmission of discovery information.

· Resources allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time frequency resource blocks that are called “discovery resource”.

In case of Type 1:

-
UE autonomously selects radio resource from the indicated Type 1 transmission resource pool for discovery signal transmission. 

-
UE can transmit on a randomly selected discovery resource in each discovery period.

In case of Type 2: 

-
Only an RRC_ CONNECTED UE may request resources for discovery information transmission from the eNB via RRC.

-
NAS triggers RRC to transition to RRC_CONNECTED to request dedicated resource for transmission of discovery information.

-
The eNB assigns resource via RRC.

-
UE releases the transmission resources when the UE enters RRC_IDLE or when the eNB withdraws the resource by RRC signalling.

-
Resource assignment and withdrawal becomes applicable from the next discovery period which falls immediately after the reception of the RRC message. 
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Figure X: Signalling flow for Type 2 discovery resource assignment

For UEs in RRC_IDLE
· The eNB may provide a Type 1 transmission resource pool in SIB. UEs that are authorized for D2D Discovery use these resources in IDLE. 

· The eNB may indicate in SIB that it supports D2D but does not provide transmission resources. UEs need to enter RRC Connected in order to request D2D transmission resources.

For UEs in RRC_CONNECTED
· A UE authorized to perform D2D discovery transmission indicates to the eNB that it wants to perform D2D discovery transmissions and further information (FFS).
· eNB validates whether UE is authorized for D2D discovery transmission using the UE context received from MME.
Editor’s Note: RAN3 is discussing interaction between eNB and MME.
· eNB may configure the UE to use a Type 1 transmission resource pool or dedicated Type 2 transmission resources via dedicated signalling (or no resource).

· The resources allocated by the eNB are valid until a) the eNB de-configures them or b) the UE enters IDLE.  (FFS whether resources may remain valid even in IDLE).
Receiving UEs monitor both Type 1 and Type 2 discovery resource pools as authorised.

Next Modified Subclause
Annex X (informative):
Device to Device Communication
X.1
Deployment Scenarios

Table X.1-1shows scenarios for D2D ProSe where UE1 and UE2 are located in-coverage /out-of-coverage of a cell. When UE A has a role of transmission, UE A sends message and UE B receives it. UE A and UE B can change their transmission and reception role. The transmission from UE A can be received by one or more UEs like UE B. 
Table .X.1-1 D2D Communication Scenarios
	#
	Description
	UE A
	UE B
	Example

	1A
	Out-of-Coverage
	Out-of-Coverage
	Out-of-Coverage
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	1B
	Partial-Coverage
	In-Coverage
	Out-of-Coverage
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	1C
	In-Coverage-Single-Cell
	In-Coverage
	In-Coverage
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	1D
	In-Coverage-Multi-Cell
	In-Coverage
	In-Coverage
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