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1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1 since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. And furthermore, as agreed already within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· And partial network coverage

In the scenario of partial network coverage, a group of D2D discovering and communicating UEs includes both UE(s) with network coverage and UE(s) without coverage. 

In this contribution we discuss how to support D2D communication in case with network coverage and set the scene in terms of D2D communication overall. Based on the observations in this contribution, we discuss the case of without network coverage as well as include considerations on D2D groupcast communication in companion contribution [6].

2
D2D communication framework 

To enable D2D communication some level of synchronization must be achieved and also possible discovery at least in the unicast case is required. In the discovery process UEs are detecting the presence of D2D capable UEs, which are in the D2D communication range. Both the synchronization and discovery process are treated in companion contributions [3] [4] [5] and here it is assumed that each D2D capable UE knows the presence and services of other D2D UEs. As a starting point we formulate the basic principles for D2D communications as we find most important and which can be summarized in the bullets below:

· Taking into account different characteristics due to D2D operation e.g. limited communication range, D2D propagation due to low antenna height at both link ends, relative speed etc., PHY layer procedures for example resource access, measurements, link adaption, power control need to be enhanced to support D2D communication [2].
· Public safety requirements (e.g. on group communication, co-existence and UE relaying functionality) need to be taken into account when designing D2D communication [2].
· Reuse the regular LTE cellular communication numerology including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects including especially UE implementation into account [2].
· RF requirements and related UE implementation aspects may be different for UEs supporting D2D for the public safety purposes and related frequency bands and UE supporting D2D for “normal LTE” bands which need further study in RAN4.
· Scheduling based resource allocation should be the baseline of all D2D communication in order to maximize spectral efficiency and minimize the interference [2].
· Avoid unnecessary differentiation between D2D communication solutions for within NW coverage and out-of NW coverage to avoid fragmentation and to end up with a unified design of D2D communication.
The D2D communication solutions should be based on the principles above and strive to maximize the commonality between the different scenarios considered in RAN1. In addition, the solutions shall be scalable from a system perspective so that when operating in network coverage all the benefits due to the network coverage should be utilized. This includes from the UE perspective the reception of downlink channels like broadcast channel and downlink control channel. Operation without network coverage should be similar, as stated above, but might require additional UE functionalities.

Proposal 1: Reuse the same numerology as regular LTE cellular communication including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation.
Proposal 2: Scheduling based resource allocation should be the baseline of all D2D communication in order to maximize spectral efficiency and minimize the interference.
Proposal 3: Avoid unnecessary differentiation between D2D communication solutions for within NW coverage and out-of NW coverage.
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D2D communication within NW coverage 

The starting point for D2D communication design is the within network coverage case, where the features and functionalities from LTE system that are beneficial to be considered for D2D communications are more evident.  Once a clear framework for D2D communications is available for that case, it is natural to extend it to the out of network coverage case. This ensures that both solutions will have significant commonality, while also taking into account that the channels and functionalities are more limited in out of coverage case, and that additional UE functionalities might be required.

It was already concluded in RAN1#73 that D2D discovery resource is assumed to use only UL spectrum for FDD. Therefore it is assumed here that UL spectrum is used for D2D communication as well which leads to some major difference between D2D communication and regular cellular communication. Below is some further assumption summarized that will form the basis for the D2D communication within network coverage:

· Reuse as much as possible of the existing LTE concepts for D2D communication
· Direct D2D communication uses UL frequency resources 
· Maximizing commonality with direct D2D without NW coverage

· SC-FDMA is used for D2D communication for optimizing the coverage, which is critical for public safety (PS) 
· Implies that the UE needs a SC-FDMA receiver but only minor changes to the UE transmitter operation is foreseen
· Downlink channels available for D2D control.
Proposal 4: In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.

Proposal 5: It is proposed that SC-FDMA (incl. the overall LTE UL numerology) is reused for D2D communication in order to optimize the coverage.
Based on these assumptions an exemplary D2D communication scheme for the within network coverage case can be envisioned, which is coarsely depicted in Figure 1 and described in text subsequent text.


[image: image1]
Figure 1: D2D communication within network coverage
The following steps can be identified:

· UE1 indicates to the eNB that it wants to set up a direct D2D link to UE2
· eNB performs a pairing operation between the UEs. A pair RNTI is created and sent to both UEs.
· UE1 and UE2 are configured to send D2D sounding signal in certain specified subframes.
· UE1 wants to initiate the communication phase (based on the discovery procedure) and sends a scheduling request for D2D communication, D2D link CSI information, count
· eNB sends an D2D communication grant (on PDCCH) with the pair RNTI, NDI = 1, RA, MCS
· The D2D communication grant is received by both UEs
· After receiving the grant UE1 will transmit its data on the assigned resources. UE2, who has also received the D2D communication grant, receives the D2D communication packet and decodes the data
· In case UE2 receives the data with errors it will send a NACK to the eNB (on PUCCH)
· eNB responds with a D2D communication grant to the same UEs with NDI = 0. UE1 accordingly resends the data on the assigned D2D communication channel.
· In case UE2 receives the data without errors it send an ACK to the eNB (on PUCCH)
· D2D data packet is considered as successfully transmitted.
· In case more data is to be transmitted, eNB will schedule another D2D communication between UE1 and UE2 with a D2D communication grant (on PDCCH) with NDI = 1 and continue the operation with a new data packet. 
· The number of D2D HARQ processes in this operation is FFS.
· At any time the UEs can indicate to the eNB that
· The communication continues (via e.g. scheduling request)
· The communication has ended
· The CSI has changed.
· eNB is in charge of the power control on the D2D communication in order to prevent excessive interference.
Proposal 6: Base the D2D unicast communication on the concept of a pair RNTI, which is created for each D2D link. The pair RNTI can be referenced in regular DCI formats when accessing both UEs of the link.
This D2D communication arrangement has the following main characteristics
· Uses only existing channel structures based on  PDCCH, PUCCH, PDCCH & PUSCH to support the D2D operation
· Support HARQ retransmissions if needed
· Scheduling of all resources by eNB
· High spectral efficiency
· D2D power control and link adaption by eNB. Separate power settings for cellular and for the D2D links are assumed
· Interference coordination
· DL control by regular DCI formats 
In addition, we envision that techniques well known from the cellular world like semi-persistent scheduling can be reused for D2D communication. 
4
Conclusions
In this contribution we have discussed in coverage D2D communication – the case of out of coverage based on the considerations in this document is presented in companion contribution [6]. Some first steps for D2D communication scheme has been presented and the following proposals are made:
Proposal 1: Reuse the same numerology as regular LTE cellular communication including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation.

Proposal 2: Scheduling based resource allocation should be the baseline of all D2D communication in order to maximize spectral efficiency and minimize the interference.
Proposal 3: Avoid unnecessary differentiation between D2D communication solutions for within NW coverage and out-of NW coverage.
Proposal 4: In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.
Proposal 5: It is proposed that SC-FDMA (incl. the overall LTE UL numerology) is reused for D2D communication in order to optimize the coverage.
Proposal 6: Base the D2D unicast communication on the concept of a pair RNTI, which is created for each D2D link. The pair RNTI can be referenced in regular DCI formats when accessing both UEs of the link.
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