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Discussion
1. Introduction

In this contribution we address the D2D scenario with network coverage.

The contribution defines metric for taking the decision on using D2D or the regular two step transmission involving the eNB. The metric is the amount of consumed PRBs in case of D2D or in case of the conventional communication through eNB.  For this purpose, a target UE (denoted as UE2) measures quality of channel between source UE1 and the target UE2. The measurement is done during communication of the UE1 with eNB.
In addition, is made a proposal in which the transmission is made by a backward-compatible UE and the HARQ through the eNB.

2. Solution
Based on the measurement, the eNB determines the optimal path between both UEs. For this purpose, the amount of radio resources that has to be assigned for transmission of certain amount of data via all possible routes is computed. The number of Physical Resource Blocks (NRBs) between station x and station y necessary to be allocated for data transmission is evaluated as:
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where ceil(.) means rounding to the closest upper integer, D corresponds to the amount of data transmitted between station x and station y, 
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 stands for the amount of REs per one PRB, and Γ represents the transmission efficiency determined according to MCS. The eNB selects the path in accordance to the following:
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3. Control procedure

The proposed control procedure is shown in Fig. 1. Similarly as in conventional procedure, the UE1 asks for radio resource allocation in UL. As a response, the eNB dedicates the required amount of radio resources to manage data transmission. From now on, the UE1 starts transmit its data to the eNB similarly as in the conventional case. At the same time the eNB has to decide whether there is a meaning to follow the proposed procedure (i.e., if there is a valid reason to evaluate which routing path is more appropriate). To be more specific, if the UE1 is going to send only a small amount of data that could be transmitted within one frame, the conventional procedure is performed. In this case, the selection of proper routing path would be useless since the calculation of proper path lasts longer than data transmission itself. Nevertheless, if the UE1 asks for more radio resources than the eNB is able to serve in a frame (e.g., FTP, streaming video, etc.), the proposed procedure takes place instead of the conventional one. In case of the proposed procedure, just after the grant is sent to UE1, eNB orders UE1 to transmit SRS (in a conventional way as for purpose of UL measurement by eNB). Also the eNB orders the UE2 to measure the signal quality received from the UE1. The eNB's request message is sent through PUCCH channel (the content of all new proposed messages is discussed in the next section). For the measurement of channel quality between UEs, CQI cannot be used, as for CQI reporting UE measures the CSI-RS sent by an eNB. Therefore, a new report, CQID (Channel Quality Indication for D2D), is defined. 
Observation 1: there is no equivalent of CSI defined for D2D communication.
Proposal 1: It is needed to define a CSI-equivalent (as a minimum – CQI for D2D) for measuring the channel quality in D2D communication.
CQID is based on the measurement of the SRS (Sounding Reference Signal), which are sent by the UE and its result will be the assessment of the achievable MCS and RI (MIMO rank indicator). Note that user's data from UE1 to UE2 are still transmitted via eNB during measurement. 
The proposed procedures are shown in Fig.1, where the suggested enhancements are distinguished by italics text.
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Fig. 1 Control procedure for proposed data routing
After the UE2 performs the measurements, the results are conveyed to the eNB via a new Measurement Feedback message format in PUCCH. At this stage, the eNB has to estimate whether the direct transmission or transmission through the eNB is more efficient. To select the best routing path, the eNB has to take into account the quality of all involved routes. Besides the channel quality between both UEs, the state of other two channels (from the UE1 to the eNB and from the eNB to the UE2) has to be known to the eNB. The channel quality between the UE1 and the eNB is known since the eNB receives data from the UE1 in the meantime. Similarly, the channel quality between the eNB and the UE2 is known by eNB. 
Immediately as the proper path is selected, the eNB either continues to retransmit UE1’s data to the UE2 (in 
Fig. 1 labeled as “Option A”) or sends new decision in PDCCH to use UE1’s transmission intervals (in Fig. 1 labeled as “Option B”). In addition, the eNB can ask the UE1 to transmit with different MCS if the channel quality between the UE1 and UE2 is of a different quality than channel between the UE1 and eNB. 

4. HARQ

The acknowledgment of successful/unsuccessful reception should be sent to the eNB rather than to the UE1. The reason is that the UE1 is not aware of “shorter” routing path and expects to receive ACK/NACK from the eNB. Subsequently, the eNB retransmits the acknowledgement to the UE1. As long as the UE1 transmits data to UE2, the eNB has to be continuously monitor the quality of individual involved paths in order to adaptively select the appropriate routing path. The path may change during the UE1’s transmission, if necessary, from one hop to two hops and vice versa. 
Observation 2: A legacy UE may be used for the D2D transmission, if the HARQ process takes place having the eNB as intermediary.
When the UE2 receives data directly, the eNB should receive transmission from UE1 notwithstanding since the eNB needs, at least, to decode the potential control information, for example related to the DL HARQ, embedded in PUCCH. 
Observation 3: An UE in the D2D transmission may still need to transmit PUCCH to eNB, for example for HARQ feedback.

In addition, the data received at the eNB does not have to be discarded immediately. The eNB could wait for a specified time whether ACK from UE2 relating to the correct reception of data is obtained. If data is successfully received by the UE2, the eNB discards data. On the other hand, if the data is delivered at the side of UE2 with errors or not at all, the eNB itself may retransmit the lost data to UE2 without the intervention of UE1. Consequently, the robustness of the overall transmission is improved by the proposed technique since a loss of data at the eNB or UE2 does not mean necessarily the retransmission by the UE1. Thus, not only eNB radio resources are saved but also packet delay is further minimized.
Observation 4: There is a possibility of a mixed D2D mode, in which the data transmission may be made by a legacy UE and the re-transmission via the eNB.
The power control is done exactly the same as in conventional data transmission. This means that the power control of transmitting UE is done in line with the legacy power control procedure and it is not dependent on the transmission mode (direct or via eNB).

5. Conclusions
This contribution defines a D2D operation mode involving maximum backward compatibility, as the transmission and the HARQ process may be done by a legacy UE. We make the following proposals:
Proposal 1: It is needed to define a CSI-equivalent (as a minimum –a CQI for D2D) for measuring the channel quality in D2D communication.

Proposal 2: RAN1 should study the D2D procedures allowing for maximum backward compatibility of the transmitting UE. For such UEs the re-transmission can be done via the eNB.
Note: This work has been supported by the EC through FP7 project TROPIC, GA 318784
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