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1
Introduction

In the RAN Plenary #58 meeting, a study item for LTE device to device (D2D) proximity services was approved [1] with the following objective:

	The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows

Within network coverage

Outside network coverage

Discovery

Non public safety & 
public safety requirements

Public safety only

Direct Communication

At least public safety requirements 

Public safety only




The study item also identified the following RAN4 related aspects: 

	4)
Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4]


In this contribution, we give an overview of the current status of the D2D study item in the RAN Plenary, RAN WG1 and RAN WG2, and highlight some RAN4 related aspects of the D2D study. 

2
D2D Study Item Scope Overview
The D2D study item approved in [1] covered discovery and communication aspects for D2D, and has been worked on in SA groups for defining use-cases, requirements, and architectures for various aspects of D2D study item [2].  

D2D Discovery is defined as a technique for two UEs in proximity of each other to detect each other’s presence.

D2D communication is defined as a technique for two or more UEs in proximity of each other to communicate with each other (either directly or through the network or through relays). 
For the D2D communication, the following aspects are considered:

· Unicast Communication: two UEs communicating with each other

· Broadcast Communication: one UE communicating with one or more other UEs

· Groupcast Communication: a group of UEs communicating with each other

· Relays 

· UE2NW relay: a UE outside network coverage communicating to the network via a UE within coverage

· UE2UE relay: two UEs communicating with each other via another UE (either in or out of coverage)

Additionally, following scenarios are to be considered for D2D discovery and communication:

· In network: when all UEs participating in D2D discovery or communication are within network coverage

· Out of network: when all UEs participating in D2D discovery or communication are insider or out 

· Partial network: when some UEs are within coverage and the other UEs are outside coverage

These aspects and scenarios are depicted in Figure 1.
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Figure 1: Various Discovery and Communication Aspects and Scenarios
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RAN Plenary Overview 

Since approving the study item [1], further down scoping of the study item was done at RAN Plenary #60. 

As captured in RAN1 chairman’s highlights of RAN Plenary #60 [3], the focus of RAN1 on D2D communication will be on the broadcast capability with an understanding that groupcast and unicast communication can be implemented using the to-be-developed broadcast technique.
	· Study on LTE Device to Device Proximity Services

· The highest priority in RAN1#74 will be given to D2D Communication

· Focus on broadcast D2D communication for the public safety use case, on the understanding that that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication

· If possible, consider optimisations to enhance efficiency of the relay operation. 

· Note that impact to existing operator services and resources is included in the evaluations. 

· D2D Discovery will also be progressed, for both Public Safety and General Scenario use cases



Additionally, at RAN Plenary #61, LS was sent to RAN WGs emphasizing the importance of out of coverage broadcast communication for the Public Safety applications and recommending that it be treated as the highest priority for public safety applications [4].

Based on this, we make the following observation and proposal:

Observation 1: RAN plenary has prioritized broadcast communication for out of coverage and in-network discovery for Release 12.

Proposal 1: RAN4 should prioritize in-network discovery and out of network broadcast communication in addition to general D2D aspects. 
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RAN WG1 Overview 

Starting RAN1 #72, RAN1 has worked on the D2D study item, focusing initially on the evaluation assumptions that include simulation assumptions for channel models, metrics, and deployments. More recently, the RAN WG1 has focused on the design aspects of D2D discovery and communication. In this contribution, we mostly focus on the design agreements, and only highlight simulation assumptions directly related to RAN4. 

Following general agreements were made in RAN1 that apply both to discovery and communication [6]. 

	· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier


Observation 2: as per RAN1 agreement, D2D operates in uplink spectrum, and hence a receiver chain on UL is needed at the UE.
Since D2D operates on the uplink spectrum, a design assumption was needed for Tx-to-Rx and Rx-to-Tx switching time.  The following agreement was made in [7] based on the on-off power mask in [9]:
	Assume 624Ts for both tx-rx and rx-tx switching.


Observation 3: a working assumption of 20 us for Tx-Rx and Rx-Tx switching time is adopted in RAN1 for D2D design.

4.1 Simulation Assumptions Related to RAN4

For D2D discovery and communication multiple UEs might be transmitting D2D signals at the same time in an FDM way. However, unlike LTE UL, these signals are received by different receiver and such it is now possible for all these signals to be power controlled to a given receiver.  Therefore, in-band emissions from a UE may interfere with other UEs, and RAN1 has decided on the need to model in-band emissions in system level simulations. Consequently, an LS was sent to RAN4 regarding an appropriate model for in-band emissions [8]. This is further discussed in [10]. 

4.2 Synchronization

Synchronization is crucial for traditional WAN operation, and many RAN1 contributions have talked about synchronization for D2D both for in-network as well as partial and out-of-network scenarios. For the in-network scenario, case of asynchronous network is being studied along with the synchronous network case.

The following agreement identifying various synchronization options was made in [5]

	In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.

· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage

Further study is required for the transmission timing in cases when a synchronisation reference does not exist. 

Note that a full definition of “within” and “outside” NW coverage is needed; revisit the relation between the above options and within/outside NW coverage after such a definition is clarified. 


Observation 4: within network coverage using DL timing or UL timing or a combination is being considered in RAN1.

Observation 5: outside network coverage: using other UEs or external signals as synchronization reference is being considered in RAN1.

4.3 Discovery

RAN1 has identified two types of discovery mechanisms [5] motivated by SA2 TR [2]: 

· Open discovery: receiving UE does not know the identity of the UE to be discovered

· Restricted discovery: receiving UE knows the identity of the UE to be discovered
Observation 6: RAN1 has identified open and restricted discovery as two types of discovery applications. 
For D2D discovery design, following two types of discovery techniques were identified in RAN1.

	At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions. 


Observation 7: two discovery techniques were  identified in RAN1 -- Type 1 discovery where discovery resources are allocated on a non UE specific basis and Type 2 discovery where resources are allocated on a per UE specific basis. 

For Type 1 discovery, the following agreement was made in [7]:

	· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling
· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM


Observation 8: for Type 1 discovery, periodic uplink resources are allocated in a semi-static manner. 

Additionally, in order to have a common simulation methodology, following working assumption was made on the discovery packet size (mainly motivated by the open discovery application).

	Working assumption for the purpose of evaluations: x = 104 bits


Observation 9: a working assumption of 104 bits as the discovery message was made by RAN1.

4.3.1 Intercell Discovery

For two UEs in different cells to discover  each other, the following agreement was made in [7]:


Intercell discovery is being studied in RAN1 mainly in the context of synchronization. Additionally, some resource coordination is needed in order to achieve inter-cell discovery as well.
4.4 Communication

As per RAN plenary guidance [3], RAN1 discussion was focused on broadcast communication in RAN1 #74. Many issues related to D2D broadcast communication were identified and following agreement was made in order to simplify broadcast design. 

	Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 


Observation 10: no physical layer feedback is treated as the baseline for broadcast communication in RAN1.

Additionally, following issues were identified in RAN1 #74 [7] which are being investigated in RAN1:

	Conclusions: Aspects of D2D communication on D2D link needing study/decision:

· Method for achieving synchronisation

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu


5  
RAN WG2 Overview

Study on D2D proximity service started in RAN2 from 3GPP RAN2 #83. As per RAN1 plenary guidelines focus is on broadcast communication for public safety and in-coverage D2D discovery. Following agreements are made for discovery and communication [12].

5.1 Discovery

	· According to the RAN plenary prioritization, RAN2 will focus on a D2D Discovery mechanism for in-coverage. 

· RAN2 should focus on the study of direct discovery (no need to look into discovery solutions using EPC in RAN2).

· Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity. 

· Need for additional security/authentication/authorization mechanisms in Access Stratum level for restricted discovery may be discussed


Observation 11: RAN2 has agreed to define similar RAN2 mechanisms for open and restricted discovery. Need for additional security/authentication/authorization in AS for restricted discovery is FFS.

5.2 Communication

	· Public Safety Communication should be possible irrespective of availability of infrastructure coverage.

· Whether Public Safety Communication needs to be achieved by D2D direct communication in all cases (e.g. in coverage) remains to be studied.

· We assume that D2D direct communication cannot be restricted to a dedicated carrier, i.e., D2D direct communication may appear on the same carrier as regular LTE. 
· FFS how the NW can control (in particular for UEs in coverage) which resources they use for D2D communication


Observation 12: RAN2 assumes that D2D direct communication cannot be restricted to a dedicated carrier.

6 
Conclusion

Observation 1: RAN plenary has prioritized broadcast communication for out of coverage in addition to discovery for Release 12.

Proposal 1: RAN4 should prioritize in-network discovery and out of network broadcast communication in addition to general D2D aspects. 

Observation 2: as per RAN1 agreement, D2D operates in uplink spectrum, and hence a receiver chain on UL is needed at the UE.
Observation 3: a working assumption of 20 us for Tx-Rx and Rx-Tx switching time is adopted in RAN1 for D2D design.
Observation 4: within network coverage using DL timing or UL timing or a combination is being considered in RAN1.

Observation 5: outside network coverage: using other UEs or external signals as synchronization reference is being considered in RAN1

Observation 6: RAN1 has identified open and restricted discovery as two types of discovery applications. 
Observation 7: two discovery techniques where identified in RAN1 -- Type 1 discovery where discovery resources are allocated on a non UE specific basis and Type 2 discovery where resources are allocated on a per UE specific basis. 

Observation 8: for Type 1 discovery, periodic uplink resources are allocated in a semi-static manner. 

Observation 9: a working assumption of 104 bits as the discovery message was made by RAN1.

Observation 10: no physical layer feedback is treated as the baseline for broadcast communication in RAN1.

Observation 11: RAN2 has agreed to define similar RAN2 mechanisms for open and restricted discovery. Need for additional security/authentication/authorization in AS for restricted discovery is FFS.
Observation 12: RAN2 assumes that D2D direct communication cannot be restricted to a dedicated carrier.
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•	For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied


•	The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios


–	By directly or indirectly achieving information about the other cell synchronization reference timing 


–	By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization


–	The detailed solution is FFS
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