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1 Introduction
Direct mode D2D communication is a very important scenario in LTE short distance communications. Discussions on D2D communications were kicked off during RAN1#73, including public safety and non public safety scenarios. In this contribution, we further discuss some physical layer aspects for D2D communications.
2 Strategy of resource scheduling 
D2D communications are quite different from cellular communications, in the sense that traffic is carried on UE-UE link, whereas control information can be signaled in several ways, for example, the direct exchange between UEs, or via local eNB in centralized manner. Correspondingly, scheduling strategies would be different as seen in Fig. 1. 
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Figure 1 Control and scheduling of D2D communication

Centralized
As shown in Fig. 1(a), if network coverage is available, but the direct exchange of physical control signaling is not possible between UEs, centralized scheduling will then be needed to allocate the resources, to set the MCS, power control parameters, etc. Such centralized scheduling is often done in local eNB, which is a common practice of cellular networks. While centralized scheduling can leverage the network capability to fully optimize the D2D transmission, the signaling overhead and the extra delay due to the separation of control signaling and traffic can be a serious issue, especially when the D2D UEs are densely populated.

As shown in Fig. 1(b), if the network coverage is not available, one of UEs can serve as “D2D controller” or “group owner” to perform the centralized scheduling for its members. Control signaling is needed between the group owner and the group members. 
Semi-centralized
In this mode, network and UE jointly perform the resource scheduling for D2D communication. The UEs that participate the scheduling can be the transmitting UE, reception UE as illustrated in Fig. 1(c) when they are of equal status, or the primary UE appointed by the network as seen in Fig. 1(d). More specifically, the resources are semi-statically allocated by the network, while such signaling as MCS is exchanged directly between D2D UEs. Network can effectively manage the interference by granting resources. On the other hand, the signaling overhead can be reduced by allowing UEs to decide MCS, by cutting the frequent control information exchange in the case of centralized scheduling by eNB.
Semi-centralized scheduling can also be used in partial network coverage scenarios.
Distributed
In distributed mode, D2D UEs autonomously choose the resources, MCS and etc. for D2D communication. Contention based resource allocation is expected. 
Within the network coverage, as shown in Fig. 1(e), D2D UEs can negotiate the PRBs, MCS, power control parameters, HARQ, etc. assuming that physical control channel is fully defined between UEs. Here, eNB only needs to provide small amount of higher layer functionality such as the authentication, security and mobility management. The physical layer process can be done between D2D UEs in distributed manner, i.e., independent from other UE pairs and eNBs.

Distributed scheduling is most suitable for without network coverage scenarios, in particular when there is no “D2D controller”, as shown in Fig. 1(f).
From the above discussion, it is seen that the resource scheduling largely depends on whether physical control signaling can be exchanged directly between UEs. For the sake of unified design of non public safety and public safety scenarios, and reusing the LTE design framework, we prefer defining new physical control channels for UE-UE links.  
Proposal 1: To define new physical control channel for UE-UE links based on the concept of semi-centralized scheduling.

3 Control channel
Different scheduling strategies lead to different designs of control signaling：
1. In centralized scheduling, all the control information is from the network, i.e., there is no control signaling between UEs. Hence, the design of D2D DCI can fully reuse what has been defined for Release 11 LTE. The only difference may be the identification of D2D DCI. For a D2D UE, it may simultaneously communicate with the macro eNB and with another UE. It is possible that D2D UE would get the grant of D2D communication and the grant of cellular communication in the same subframe. 
2. In semi-centralized scheduling, although D2D UEs can exchange control information directly from each other, the control signaling should be restricted by the eNB. Therefore, new design control channel is needed which may include:
a. Abridged grant information, for example, to remove the signaling bits for resource allocation since the resources are already semi-statically allocated by the eNB.
b. New mapping from D2D control signaling to PUSCH/PUCCH resource elements, if uplink resources are used for D2D communication. For example, when D2D scheduling grant information is carried on PUSCH, the resource granularity can be RB/RB pair, or in a SC-FDMA symbol. 
3. In distributed scheduling, generally there is no restriction from eNB regarding the control information between D2D UEs. This would provide more flexibility for the control signaling design. However, it is still desirable to reuse as much as possible Rel.11 LTE design. Also the design should take into account of the potential interference between D2D communication and cellular communication.
Proposal 2: To consider the issue of D2D DCI identification in the case of centralized scheduling; To design new control signaling between D2D UEs and the corresponding resource mappings in the case of semi-centralized scheduling; To consider the interference avoidance in the case of distributed scheduling.

4 Subframe configuration for D2D communication
D2D subframe configuration indicates the subframe indices for D2D transmission/reception. The configuration can be signaled via higher layer signaling from the network in semi-static manner, or through dynamic signaling from eNB. When a subframe, e.g., #n, is configured as D2D subframe, D2D UE at the receiver side would try to decode the data sent from another D2D UE. Due to the concern of self interference, the receive UE cannot transmit signal to macro in cellular uplink. In another word, the subframe configuration for D2D communication would disturb uplink macro communication in general use case of D2D. Therefore, it is important to design appropriate subframe patterns to limit the impact on cellular communication.
Assuming centralized scheduling, an example of D2D subframe configuration for FDD systems is illustrated in Fig. 2 where only one uplink HARQ process (shown as green) is occupied by D2D communication. That leads to 16 ms round trip time. If subframe #n is configured for D2D, subframe #(n+4) is for ACK/NACK feedback from D2D receiver to eNB. Subframe #(n-4) is to carry the grant information from eNB to transmitting D2D UE.
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Figure 2 An example of D2D subframe configuration in FDD under the centralized scheduling
Different from centralized scheduling, semi-centralized scheduling leaves more freedom to D2D transmitter/receiver to decide MCS and feedback ACK/NACK, CSI, etc. This provides more flexibility in D2D subframe configuration. Two options may be possible:
1. Option 1: based on 8 ms D2D HARQ process. As Fig. 3(a) shows, when subframe #(n-4) is configured for D2D communication, subframe #n would be for ACK/NACK between D2D receive UE and transmit UE. In another word, an extra UL HARQ process (originally for UL macro cellular) is allocated for D2D.
2. Option 2: based on 16 ms D2D HARQ process, shown as Fig. 3(b). If subframe #(n-8) is configured for D2D communication, subframe #n would carry ACK/NACK from receive D2D UE to transmit D2D UE.
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(a) 8ms HARQ process for D2D communication
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(b) 16ms HARQ process for D2D communication
Figure 3 Examples of D2D subframe configuration in FDD under semi-centralized scheduling

For TDD system, subframe configuration for D2D communication also has some impacts on UL cellular communication. D2D subframe configuration depends on TDD UL/DL configuration. Similar to the case of FDD, transmitting D2D UE and receiving D2D UE can have separate HARQ processes, or share one HARQ process.
In public safety scenario, since D2D communication is transmitted on dedicated spectrum, the subframe allocation for D2D communication is more flexible, compared to general use case.

Proposal 3: In general use case, D2D subframe configuration should ensure the alignment of D2D HARQ process and macro UL HARQ process, both for FDD and TDD systems. In public safety case, D2D subframe configuration is more flexible, detailed design is FFS.
5 Coexistence of cellular communication and D2D communication
In general use case, D2D communication and cellular communication may coexist. There are two situations of the coexistence: 1) cellular communication and D2D communication of different UEs coexist; 2) cellular communication and D2D communication of the same UE coexist. The coexistence can be in TDM or FDM. Here TDM means that cellular communication and D2D communication occur in different subframes. In each subframe, either cellular or D2D communication occupies the entire system bandwidth. FDM means that cellular and D2D communications happen in the same subframe, each occupying a certain number of PRBs. Since D2D subframe allocation is likely to be semi-static, reserving the entire system bandwidth for D2D would cause significant waste of resource when the demand for D2D traffic is low. Therefore, the coexistence of different UEs in FDM seems more preferable from the resource utilization point of view. 
From the aspect of limiting the impact on UL cellular communication, for example, a UE engaged in D2D communication may need to periodically feedback CQI, ACK/NACK, PMI, and send PRACH preamble, etc. So it is quite likely that D2D communication and UL signaling for cellular communication of the same UE would fall into the same subframes. There can be two choices: pure FDM, or hybrid FDM+TDM
In pure FDM, only D2D transmission and UL cellular transmission of the same UE can occur in the same subframe, as shown in Fig. 4. 
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Figure 4 Pure FDM where UL cellular transmission (PUSCH, PUCCH) and D2D communication of the same UE occur in the same subframe

The advantage of pure FDM is that D2D transmission would not collide with the uplink control and traffic transmission, thus improving the resource utilization. The drawback of pure FDM is the in-band emission issue [1], especially when two D2D UEs are very close, but the transmitting UE is very far away from its serving eNB. 
Hybrid FDM + TDM is another choice where D2D communication and cellular communication of the same UE are placed in different slots of a subframe. This would allow D2D/cellular transmission, D2D/cellular reception, D2D transmission and cellular reception, D2D reception and cellular transmission to occur in the same subframe, as seen in Fig. 5.
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Figure 5 Hybrid FDM + TDM where cellular transmission and D2D communication of the same UE occupy different slots of a subframe

Although hybrid FDM+TDM avoids the issue of inband emission and facilitates more flexible resource partition, standardization effort is expected high.
Proposal 4: For general use case, pure FDM or hybrid FDM+TDM partition in a subframe between cellular communication and D2D communication of the same UE should be supported. Further study is needed to handle the inband emission issue.

6 D2D frame timing
Several transmission timing strategies were identified in [2] with basic idea that D2D transmission timing can be based on the downlink cell timing reference, plus certain timing offset. The downlink timing reference T1 can be of the serving cell or non-serving (neighboring) cell when there is network coverage. In the absence of network coverage, T1 can be from the cluster header. The offset T2 can be fixed or higher layer configured, or aligned with PUSCH transmission if network coverage is available. For out of network coverage, T2 should be aligned with the cluster header. 
For D2D communication, using PUSCH transmission timing seems to be a good choice as the D2D UE needs to maintain only one timing advance (thus reducing the implementation cost). The interference from D2D communication to UL reception is also reduced.
No matter which synchronization scheme is to be used, as long as D2D reception subframe and macro UL subframe are adjacent to each other, certain collision is inevitable due to the propagation delay and Tx/Rx switching. As illustrated in Fig. 6, when subframe #(n+2) is configured for UE2’s macro UL transmission, there would be collision between the D2D reception in subframe #(n+1) and UL transmission in subframe #(n+2). The overlap depends on the propagation delay and Tx/Rx switching time.
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Figure 6 An illustration of the time conflict between D2D reception and cellular UL transmission, due to propagation delay and Tx/Rx switching
To avoid the above mentioned collision, one choice may be to puncture the first or the last SC-FDMA/OFDM symbol. The drawback is the resource waste. Alternatively, suitable D2D subframe allocations can be considered to avoid the adjacent subframes for D2D reception and cellular UL transmission.
Proposal 5: When in network coverage, transmission timing for D2D communication should be aligned with that of cellular UL transmission. For out of network coverage, D2D UE should be synchronized with the cluster header.
7 Power control
In cellular communication of LTE system, power control can reduce the power consumption of UE, ensure the reliable communication and suppress the interference. Considering the short-distance nature of D2D communication, power control may have limited role in compensating the large scale fading, i.e., the difference of pathloss and shadowing between different nearby UEs would not be very significant. Rather, power control in D2D is mainly for interference management. 
Pathloss information between D2D UEs is needed in D2D power control. The measurement of UE-UE pathloss can be through DMRS, CSI-RS, SRS or discovery sequence sent from D2D UEs.
Note in semi-centralized scheduling and distributed scheduling, power control is conducted directly between D2D UEs. In addition, new parameters for power control may be introduced and the range of the values may be revised.
Proposal 6: To study power control procedure and parameters for D2D in the case of semi-centralized and distributed resource scheduling.

8 Measurement and feedback
Channel conditions and interference statistics can be obtained by D2D measurement procedures. The measurement is crucial for mode selection (between cellular communication and D2D communication), resource allocation, link adaptation, power control, interference avoidance, etc.
Under the assumption that D2D communication occupies uplink resources, UL DMRS or SRS can be used for the measurement. Between these two reference signals, SRS seems more suitable for the following reasons: 1) implementation is easier; 2) less impact on the cellular system; 3) less overhead. The shortcoming of SRS is: the position of SRS is limited to the last symbol and it may be difficult to achieve very accurate measurement. In centralized scheduling, measurement is totally under the control of eNB. In semi-centralized scheduling, measurement can be controlled jointly by eNB and D2D UEs. In distributed scheduling (without the network coverage), cluster header can take the role of eNB to coordinate the measurement.
Different scheduling schemes require different forms of feedback. In centralized scheduling, D2D UEs are required to report all the measurement to eNB. The resource allocation and period are all configured by eNB via higher layer signaling. In semi-centralized scheduling, the feedback to eNB is controlled by eNB, while the measurement of UE-UE link can be fed back to the other end of D2D link, or to eNB, all up to D2D UEs. In distributed scheduling (out of network coverage), the feedback is only for UE-UE measurement. 

Feedback can be carried in PUCCH, PUSCH, or in D2D subframe, etc. 

Proposal 7: SRS and DMRS may be used for the measurement of UE-UE channel, especially in semi-centralized and distributed scheduling.
9 Conclusions

Several physical layer aspects of D2D communication were discussed in this contribution, with the following proposals:
Proposal 1: To define new physical control channel for UE-UE links based on the concept of semi-centralized scheduling.

Proposal 2: To consider the issue of D2D DCI identification in the case of centralized scheduling; To design new control signaling between D2D UEs and the corresponding resource mappings in the case of semi-centralized scheduling; To consider the interference avoidance in the case of distributed scheduling.

Proposal 3: In general use case, D2D subframe configuration should ensure the alignment of D2D HARQ process and macro UL HARQ process, both for FDD and TDD systems. In public safety case, D2D subframe configuration is more flexible, detailed design is FFS.

Proposal 4: For general use case, pure FDM or hybrid FDM+TDM partition in a subframe between cellular communication and D2D communication of the same UE should be supported. Further study is needed to handle the inband emission issue.
Proposal 5: When in network coverage, transmission timing for D2D communication should be aligned with that of cellular UL transmission. For out of network coverage, D2D UE should be synchronized with the cluster header.

Proposal 6: To study power control procedure and parameters for D2D in the case of semi-centralized and distributed resource scheduling.

Proposal 7: SRS and DMRS may be used for the measurement of UE-UE channel, especially in semi-centralized and distributed scheduling.
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