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1. Introduction
At the RAN1#72 meeting, the following working assumptions and observations were made.

Working assumption
· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases

Observation
· Encourage companies to the next meeting 

· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs

· to try to provide a possibility to reuse existing 3GPP deployment scenarios
In Draft Agenda for RAN WG1 Meeting #73, the study on D2D communication was started:
Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.

This contribution focuses on scenarios and use cases of D2D communication, and the resource utilization and scheduling options are discussed, with the mind of unified design for non-PS and PS services.
2. Scenarios and use cases for communication
As described in [1], LTE ProSe should be used for public safety and non public safety cases. For communication，regardless whether public safety scenario or non public safety scenario is considered, the general use cases within network coverage such as ProSe unicast should be supported as baseline. Whereas the specific use cases such as ProSe groupcast/broadcast/relay should be supported for public safety scenarios only. 

The use cases and network coverage scenarios are shown as Figure 1 [2].
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Figure 1 LTE ProSe use cases and scenarios
· Unicast
This use case describes the case where a given UE performs one-to-one direct user traffic session with another UE. And if necessary a given UE can maintain one-to-one user traffic sessions with several other UEs simultaneously.
· Groupcast

This use case describes the scenario where a user wants to send the same information simultaneously to two or more other users belonging to the same D2D group.
· Broadcast

This use case describes the scenario where a given UE performs D2D broadcast to all UEs within a certain range, regardless of group membership.
· Relay

This use case also describes the scenario where a given UE acts as a communication relay for one or more UEs so that the latter UE(s) can be connected with each other or with the network.
Note that a given D2D UE is capable of doing both cellular communications and D2D communication in a call set up session, if the UE is within or partially within the network coverage.
Unicast scenario, the basic scenario common to both non-PS and PS services, can be easily adapted to group cast and broadcast scenarios. The relay scenario can be considered as the combination of multi-hops of unicast, and therefore, can also be adapted from the unicast scenario. In order to balance the design effort between non-PS and PS, one may start with the unicast scenario.
Proposal 1: Unicast scenario should be the starting point for D2D communications study. Schemes for unicast scenario can later be adapted or extended to group cast, broadcast and relay scenarios.
3. Synchronization and resource utilization
When the network coverage is available, D2D UEs can be synchronized with the local cells, so that D2D UEs within the same cell are more or less synchronized, assuming that cell radius and coverage of each D2D UE are within hundred meters [3]. For FDD systems, it is possible that neighboring cells are not synchronized. In this case, time alignment between D2D UEs of different cells can be achieved by synchronization-like signals.
Without network coverage, third-party schemes such as GPS can be used for time synchronization between D2D UEs. Alternatively, the time of the “owner UE” can be used as a time reference for all member of the D2D group to sync up with. 

No matter which exact scheme is used for synchronization, time synchronization should be assumed when D2D UEs are in communication stage. Note that the timing of D2D link and cellular link are not necessarily aligned.
For within or partial or no network coverage scenarios, UE synchronization can be part of D2D discovery process, for example, using RACH based scheme to achieve peer discovery. If within network coverage, such RACH process may be non-contention based. If out of the network, contention based RACH may be considered for D2D discovery.
Proposal 2：UEs in D2D communications are assumed synchronized, within, partial, or out of network coverage scenarios. However, timing for D2D communications and for cellular communications may not be aligned.
In[1]，a public safety UE can operate in the public safety spectrum for PS service, and in the MNO commercial spectrum for general service (e.g. voice call). Note that the public safety spectrum can only be used for PS ProSe.
For non-PS scenario, it is suggested that a D2D UE do not transmit and receive at the same time. This TDD like half duplex operation can reduce the complexity and cost of D2D terminals. To ensure the network side support for D2D functions and maximize the resource utilization, D2D communications and cellular communications should be co-channel, TDM or FDM, as illustrated in Figure 2, 
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Option 1:  TDM Option 2:  TDM & FDM


Figure 2 Co-channel operation between D2D and cellular
In the case of FDM, transmit power difference between UE-eNB link and UE-UE link could be huge such that adjacent subcarrier interference becomes non-negligible [4]. Therefore, guard band may be needed if physical resource blocks (PRBs) of cellular communications are adjacent to PRBs of D2D communications. TDM does not have such in-band interference, albeit it has less flexibility in resource allocations, which can potentially cause the resource waste.

In half duplex mode with co-channel operation, D2D communications can use DL resources or UL resources. When UL resources are used, D2D transmission would interfere with UE-eNB transmission. When DL resources are used, D2D transmission would interfere with eNB-UE transmission [5]. Whether cellular uplink or cellular downlink transmission is more severely impacted depends on the power control strategies, resource allocations, etc. From a simple simulation result shown in Figure 3, it seems that UL resources are more preferable, if the aim is to improve the summed throughput of cellular users and D2D users. In this simulation, 20% of UEs are D2D UEs whose transmit powers are open-loop controlled. For uplink cellular UEs and D2D UEs using the downlink resources, = 0.8 and P0 = -83 dB. Pmax = 23 dBm. For D2D UEs using the uplink resources, = 0.8 and P0 = -93 dB. Pmax = 23 dBm In downlink resources case, the maximum range for peers is 100 meters and the receiving power threshold for D2D pairing is -70 dBm. In uplink resources case, the maximum range for peers is 120 meters and the threshold for D2D pairing is -95 dBm. Resources of D2D users in the same cell are orthogonal. The network is homogeneous. D2D UE-UE channel model is ITU 1411-6. The black curves correspond to the situation where the system has only cellular UEs.
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Figure 3 CDFs comparison of SINR of cellular UEs and D2D UEs
For PS scenarios, D2D communications can use dedicated band, without interfering with cellular communications. Also, cost and power consumption are less of concern for PS terminals, which allows more flexible resource allocations. Hence, the schemes for non-PS can be further optimized for dedicated band case, for example, increasing the portion of resources used for D2D.
Proposal 3：For non-PS scenarios, D2D communications are carried in half-duplex mode, preferably on UL resources. For PS scenarios，resource utilizations for D2D communications are for FFS.
4. Control and scheduling 
D2D communications are quite different from cellular communications, in the sense that traffic is carried on UE-UE link, whereas control signaling can be passed through in several ways, for example, the exchange of control signal directly between UEs, or via local eNB in centralized manner. Correspondingly, scheduling strategies would be different as seen in Figure 4.
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Figure 4 Control and scheduling for D2D communication

· Centralized
If network coverage is available, and the direct exchange of physical control signaling is not possible between UEs, centralized scheduling is needed to allocate the resources and set the MCS, power control parameters, etc. Such centralized scheduling is often done in local eNB, a common practice of cellular networks. While centralized scheduling can leverage the network capability to fully optimize the D2D transmission, the overhead of signaling and the extra delay introduced due to the separation of control signaling and traffic can be a serious issue, especially when the D2D UEs are densely populated.
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.
· Distributed
Within the network coverage, D2D UEs can negotiate the PRBs, MCS, power control parameters, HARQ, etc. if physical control channel is fully defined between UEs. Here, eNB only needs to provide some higher layer functionalities 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”.
· Semi-centralized
As seen above, distributed scheduling can save lots of control overhead and the burden of network. Yet, each individual D2D UE does not have channel state information of other UEs as eNB. Such lack of information would negatively impact resource utilization and interference management. Hence, UE can self-control to some extent the D2D transmission, but with the assistance from eNB. In this mode, eNB can periodically allocate the resource pool for D2D communications. This control would be semi-static, and large scale fading dependent. Then the D2D UEs in the same pair can negotiate detailed PRBs, MCS, etc. within the resources semi-statically assigned by the eNB. When the D2D communications become less efficient, too power consuming, or impact too much on cellular communications, eNB can intervene with the D2D communications and help to restore the normal operation. Once it is restored, eNB can retreat from the actual D2D communications and let D2D UEs to decide on the short-term control signaling for transmission.
Such semi-centralized scheduling can also be used in partial network coverage scenarios. The advantage of scheduling in cellular communications shows up in this mode, and it also can improve the cell coverage.
From the above discussion, it is seen that the resource scheduling are largely dependent on whether physical control signaling can be exchanged directly between UEs. For the sake of unified design of non-PS and PS, we prefer defining physical control channels for UE-UE links
Proposal 4： Physical control channel is needed for UE-UE link, which can be used for in, partial or out of the network coverage scenarios.
5. Conclusion  
This contribution focuses on scenarios and use cases of D2D communication, and the resource utilization and scheduling options are discussed for a unified program to support non-PS and PS.
Proposal 1: Unicast scenario should be the starting point for D2D communications study. Schemes for unicast scenario can later be adapted or extended to group cast, broadcast and relay scenarios
Proposal 2：UEs in D2D communications are assumed synchronized, within, partial, or out of network coverage scenarios. However, timing for D2D communications and for cellular communications may not be aligned
Proposal 3：For non-PS scenarios, D2D communications are carried in half-duplex mode, preferably on UL resources. For PS scenarios，resource utilizations for D2D communications are for FFS
Proposal 4：Physical control channel is needed for UE-UE link, which can be used for in, partial or out of the network coverage scenarios
References

[1] 3GPP TR 22.803, Feasibility study for Proximity Services (ProSe).
[2] 3GPP R1-131045, Evaluation methodology for LTE Device to Device proximity services, ZTE, RAN1#72bis, April 2013.
[3] 3GPP R1-131250, LTE Device to Device Proximity Services – Scenarios, Nokia, Nokia Siemens Networks, RAN1#72bis, April 2013.
[4] 3GPP R1-131622, In-band interference modeling for D2D, Ericsson, ST-Ericsson, RAN1#72bis, April 2013.
[5] 3GPP R1-131430, Deployment Scenarios and Requirements for D2D Proximity Services, NTT DOCOMO, RAN1#72bis, April 2013.

































_1429536437.vsd
System bandwidth


Option 1:  TDM


t


f


Cellular   subframe


D2D   subframe


Cellular   subframe


D2D  subframe


Cellular   subframe


Cellular   subframe


Option 2:  TDM & FDM


f


Cellular   subframe


Cellular   PRBs


Cellular   subframe


Cellular   PRBs


Cellular   subframe


Cellular   subframe


t


D2D PRBs


D2D PRBs


Cellular   PRBs


System bandwidth



_1429537951.vsd

_1428651704.vsd
General use cases


Specific use cases


Within network coverage


Without network coverage


Non public safety


Public safety 



