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1 Introduction
This paper provides some design principles for the SI on D2D discovery and communication. One of the aspects that require further discussion is the level and type of network control, as clearly hinted by the SID [1]:
· The possible impacts on existing operator services (e.g. voice calls) and operator resources should be investigated [RAN1]
RAN1 is tasked to develop a D2D solution that preserves performance of legacy WAN traffic. For this issue, the relevant scenarios addressed in this paper are discovery resources assignment (in coverage) and communications resources assignment (in coverage, partial coverage and out of coverage scenarios).
2 Discovery
For discovery, there seems to be a general understanding that at least FDM of the discovery messages within a subframe is supported. Discovery messages from a certain UE may be transmitted one or several times on FFS resources, depending on the discovery types agreed in RAN1/RAN2. 

1. For Type 1 discovery, if supported, the subframes for discovery within a cell should be configured by broadcast control information within each cell. How transmission resources are selected within such subframes is FFS.

2. For Type 2 discovery, if supported, the resources for discovery within a cell could be configured or scheduled by UE-specific control information within each cell. 
From system spectral efficiency and DRX efficiency points of view it makes sense to confine the transmission of discovery messages to a limited number of NW-controlled subframes. It is undesirable to multiplex cellular and discovery messages on the same subframe since the lack of TA for at least RRC_idle UEs participating in discovery and near-far problems could unpredictably deteriorate the UL performance in such subframes. At least legacy UEs may still of course need to transmit SRS, PUCCH or PRACH in those subframes. Hence for Type 1, intra-cell interference has to be managed. It is up to network implementation how to handle or avoid such undesirable interference scenarios by, e.g., configuring TDM between discovery subframes and cellular UL.
Inter-cell interference has to be managed both for Type 1 and Type 2.In order to achieve this goal, the network may decide to align or interleave the discovery subframes in neighbour cells, depending on system load, interference scenarios, deployment and other aspects. Both options should be possible by eNB implementation.
Principle 1:
· It is up to network operation how to handle Uu/D2D interference scenarios

· The network should have the freedom to coordinate, if desired, discovery resources across cells

3 Communication: In Coverage Transmitter

The principles listed in Section 2 hold even for communication. This section focuses on additional principles that are specific to D2D data communication. For VoIP push to talk service, the following baseline assumptions are considered here:

· VoIP traffic model (L1): 328 bits every 20ms (with header compression) [4]
· Modulation: QPSK [2][5][6]
· Channel BW: 2 PRBs [2][6]
· 4-8 blind retransmissions per VoIP packet [2][5][6]
From the above parameterization it follows that the channel needs to be used by each transmitter indicatively every 5th subframe (compressed header, 4 TTIs bundling) or approximately every 2nd subframe (8 TTIs bundling). The D2D resource use may further increase without VoIP header compression [4]. There are at least two options for handling such traffic:

Option 1: UEs select transmit resources for each communication session autonomously
In this case the eNB semi-statically configures a set of radio resources that UEs may access autonomously for data transmission, possibly in a contention-based fashion. According to the above evaluation, such resources should be periodic every n-th subframe. Due to the lack of TA by idle UEs and the resulting inter-carrier interference it seems natural to assume TDM between Uu and D2D. This means that approximately every n-th subframe should be exclusively semi-statically allocated to D2D traffic.
Option 2: The eNB grants to the UE resources for each communication session
In this case the broadcasting UEs need to be in RRC_connected state and resources for D2D data transmission are granted by the eNB. The eNB has even the possibility to route the communication path via the NW, if convenient. The TA set by the eNB enables FDM of Uu and D2D, differently from Option 1. Thus, the eNB has the possibility to dynamically assign resources to D2D or cellular based on traffic conditions. Another advantage is that lawful interception of D2D communication would be easier for the eNB, since the communication sessions would be scheduled. Details of the resource granting and scheduling procedure are FFS.
Table 1: Comparison of Option 1 and Option 2 for In-coverage Transmission

	
	Option 1:

UEs select transmit resources autonomously
	Option 2:

The eNB schedules the resources for each data transmission session

	Network control
	eNB semi-statically configures D2D-only subframes
	eNB grants each D2D communication session

	Transmitter’s RRC state
	May be RRC_idle
	RRC_connected

	Uu/D2D multiplexing
	TDM [2]
	TDM/FDM, up to eNB implementation [3]

	NW resources exclusively dedicated to D2D (communication resources only)
	20-40% (with header compression, not accounting for D2D signalling overhead)
	Dynamically adjusted according to instantaneous D2D traffic load

	Lawful interception by eNB
	Blind detection
	On resources granted by the eNB


Principle 2:
· The eNB grants resources for each communication session.

4 Communication: Out of Coverage Transmitter
D2D UEs that are out of coverage but still close to cell edge may potentially strongly interfere the in-coverage UEs. This issue is more serious for TDD carriers, where high power D2D transmission may affect the DL subframes.

One solution is to create an interference protection area around the cells of PS networks by propagating the in-network synchronization reference and possibly some control plane element (e.g., the TDD configuration) to the protected area. This can be done, e.g., by letting some in-coverage UEs act as synchronization sources for their neighbour out of coverage UEs.

Principle 3:

· A mechanism is introduced such that the eNB can control the D2D transmission resource pool used by out-of-coverage UEs close to the cell-edge (partial NW coverage scenario)
· Details of the control mechanism are FFS
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Figure 1: Partial NW coverage scenario: the eNB is able to control the interference produced by out of coverage UEs that are close to cell edge.

Another scenario of interest is the one where all D2D UEs are isolated in out-of-coverage cluster(s) and no interaction with the NW is possible. In order to address this case, the UEs need to share some common pre-configuration of the resources to be used for the different D2D operations (details are FFS). Nevertheless, it is natural to assume that the NW has the possibility to control and update such pre-configuration whenever the UEs happen to be under NW coverage.
Principle 4:

· The NW has the possibility to update the pre-configuration adopted by out of coverage UEs

· Details of the parameters included in the pre-configuration are FFS.
5 Conclusions

This paper provides some principles regarding D2D resource control by the networks:

Principle 1:

· It is up to network operation how to handle Uu/D2D interference scenarios

· The network should have the freedom to coordinate, if desired, discovery resources across cells

Principle 2:

· The eNB grants resources for each communication session.
Principle 3:

· A mechanism is introduced such that the eNB can control the D2D transmission resource pool used by out-of-coverage UEs close to the cell-edge (partial NW coverage scenario)

· Details of the control mechanism are FFS
Principle 4:

· The NW has the possibility to update the pre-configuration adopted by out of coverage UEs

· Details of the parameters included in the pre-configuration are FFS.
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