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1 Introduction

At the last meeting (RAN1#72b), progress was made in the D2D study item. In particular, many aspects of the evaluation methodology were agreed.
In order to make meaningful comparisons of performance evaluations, it is necessary to select a few options for the evaluations. In this contribution, we list several options for communication. In companion contributions [1][2], we list options for discovery. The options for communication cover the deployment scenarios listed in the SID: consumer LTE, in-network (lower priority), public safety in-network, and public safety out-of-network. More specifically, 
1. Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly.

2. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.

In this contribution, we look at each of these scenarios and provide some recommendations for the ongoing D2D communication evaluation.

2 In network
As stated in [2], there are several considerations for establishing communications for devices in-network coverage. This section lists some of those considerations and provides some recommendations for evaluating communication.

2.1 Transmission band

The network must be able to assign time/frequency resources to manage the interference between the cellular link and D2D transmissions. Having D2D transmissions in the downlink (for FDD systems) or during downlink subframes (for TDD systems) can have a negative impact on system performance. Firstly, if D2D transmissions were located on the downlink, the interference due to D2D transmissions may affect several downlink channels, such as the broadcast channels, synchronization channels, and control channels, and may lead to system instability. Secondly, the interference from downlink transmissions may obliterate D2D transmissions because downlink transmissions are at much high power in comparison to D2D transmissions. This problem is more severe for devices located near the eNB.

Since the resources for the downlink is unavailable for D2D communications, two alternatives are

1. Have D2D communications on a dedicated carrier

2. Have D2D communications on the uplink

While both alternatives are technically feasible, alternative 1 has some drawbacks. Having a dedicated carrier for communications alone is wasteful in resources if the density of D2D UEs is low compared to cellular. Furthermore, since the number of D2D links in the initial deployment phase may only represent a small fraction of the communication links, having a fixed carrier reserved for D2D communication is inefficient and expensive. On the other hand, alternative 2 appears to be more scalable since the number of D2D links may vary. Thus, we propose the following:

· Proposal 1: D2D communications occur on the UL cellular band
An example of D2D communication on the UL in a FDD system is shown in Figure 1. The figure depicts D2D communications in subframes 1 and 5. In subframe 1, UE2 transmits to UE1; UE2 does not transmit data to the eNB, and UE1 does not transmit anything. Likewise, in subframe 5, UE1 transmits to UE2; UE1 does not transmit data to the eNB, and UE2 does not transmit anything.
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Figure 1. D2D communication on the UL (FDD example)
2.2 Connection state

The D2D UEs engaged in communication must be in the RRC connected state for reasons such as security, lawful intercept, and billing. In addition, the eNB can provide the necessary operating parameters such as timing advance and maximum transmit power levels. In order to be connected, the D2D device must operate in cellular mode, even if engaged in D2D communication. Thus, some subframes need to be reserved for cellular transmission

· Proposal 2: at least one subframe per radioframe is reserved for cellular communication
2.3 Time management
Assuming a network-managed approach in the uplink, the proximate devices may have to account for several aspects of timing.
The first is the timing advance between a proximate device and the eNB may be significantly different from between proximate devices. For example the timing advance for device that is 500 m from an eNB and devices that are 20 m apart is quite different. Figure 2 illustrates the timing advance for UE1 and UE2. UE1 and UE2 may have a large timing advance for uplink transmissions (light blue) but for D2D communications, the timing advance is small (dark purple).


[image: image2]
Figure 2. Transmit timing example
The second aspect is the transition time from switching between transmit and receive (or analogously between receive and transmit) as shown in Figure 3. Between subframes 2 and 3, some time is needed for the device to transition from TX to RX. Likewise, between subframes 3 and 4, some time is needed to transition from RX to TX. In order to minimize the impact to cellular throughputs, the number of available symbols for D2D communications may have to decrease. 

[image: image3]
Figure 3. Transitioning between TX and RX
It is anticipated that timing advance will be more complex for TDD systems.
· Proposal 3: Timing advance must be considered for D2D communications
2.4 Radio resource management

In order to communicate, some resources for the D2D link need to be allocated. There are two possibilities:

· Option 1: device-managed resource allocation: in this case, the two (or more) devices in the D2D link have to find resources to communicate, engage in a negotiation to select which resources to use, and transmit on these resources

· Option 2: network-managed resource allocation: in this case, the network (most likely the eNB) allocates resources for the D2D link.

Option 1 has the merit of requiring less standard change than option 2 on the network side. However, the process to efficiently enable it appears to be somewhat complicated: the UEs have to measure interference on several subframes/RBs separately. Then, they need to negotiate in order to find subframes/RBs that are both suitable for them. After these two steps, they can then communicate. In addition, it seems quite difficult to extend this procedure to more than 2 UEs. Finally, given that the eNB dynamically schedules cellular UEs, the interference profile from one subframe to another subframe may vary significantly. Consequently, option 1 appears difficult to implement.
Option 2 requires the addition of some signaling. However, since it leaves the network in control of resource allocation, minimizing interference is much easier than with option 1, given that the eNB has more information than a UE. This implementation appears more efficient. Note also that the additional signalling may be quite limited, and existing signalling, such as signalling for SPS, may be extended for D2D communication. Consequently, we propose the following:

· Proposal 4: the resource allocation is managed by the network (eNB)
This architecture is shown in Figure 4.
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Figure 4. D2D communication with cellular architecture.
Through its management, the eNB can indicate the number of physical resources blocks, the starting locations of the allocated resource blocks, the number of available subframes for proximity transmission and proximity reception. It can also include a maximum transmit power value in order to limit interference to cellular transmissions. However, exact details about transmission parameters, such as HARQ processes, modulation/coding schemes, new data indicator, need to be exchanged between proximate devices. In addition, at least ACK/NACK information and possibly CQI-like information should also be exchanged. 

2.5 Resource splitting between cellular and D2D links

The eNB has two ways of allocating resource between cellular and D2D links:

· Option 1: orthogonal resource splitting. The eNB determines two sets of RBs: one for cellular UEs, one for D2D UEs. The size of the two sets can be changed either dynamically or semi-statistically

· Option 2: non-orthogonal resource splitting. There is no such separation: a given RB can be allocated to both a cellular and a D2D UE, provided that there is enough spatial separation to limit the interference

Option 1 is much simpler than option2. Option 2 requires more information (interference measurements). On the other hand, option 2 has the potential to provide much higher system throughput, provided that the interference is well managed. This is especially true if there is a large number of D2D links. Given that the high potential of option 2, we propose in the context of this SI to evaluate if the additional complexity of option 2 is justified.

· Proposal 5: compare orthogonal and non orthogonal resource splitting.
3 Out of network

For out-of-network applications, there is no central controller to manage the DMC link. There are two possible solutions that can be considered:

· Solution 1: one UE acts as a “soft” central controller, i.e. provides the timing and resource allocation for the other D2D device(s).

· Solution 2: fully decentralized approach.

With solution 1, the same solution as for in-network can essentially be reused. This solution is simple and requires minimal standard changes, at the cost of increased power consumption for the soft central controller since when out-of-coverage, the devices need to operate in an asynchronous mode. The soft central controller can provide the minimal control information necessary for the DMC link to operate. It also provides a joint solution for in-network and out-of-network in terms of transmission parameters. 

For solution 2, the UEs listen all the time. When a UE wants to transmit data, it sends a signal in an asynchronous manner. The UE receiving this signal then sends a message to indicate its proximity. For data transmission, a handshake process is used before the actual data transmission. Conceptually, this solution is similar to the 802.11 peer-to-peer transmission mode. However, in order to minimize the device modifications, the same numerology as for LTE, or multiple of these values, should be used whenever possible. 
Solution 2 is a substantial shift from the traditional LTE architecture, and represents a communication mode close to what can be achieved with 802.11 systems. While such a solution is relatively simple to design, it would require a major standardization effort. Furthermore, it does not scale well when the number of UEs is relatively large (larger than 10). On the other hand, solution 1 is an extension of the in-network solution, thus provides the advantage of a common design for in-network and out-of-network; thus limits the standardization effort. Furthermore if desirable, it is scalable. Consequently, we propose the following:
· Proposal 6: for out-of-network communication, one UE acts as a soft controller. This solution enables a common design for in-network and out-of-network communication
4 Partial network coverage
The partial network coverage case, where one UE is in-network and the other out-of-network, is of high interest for the public safety community. Providing a D2D link in that case is a way to have a UE relaying data to an out-of-coverage UE.

Since one UE has very little available information (the UE out of network), the best approach is to reuse the solution for out-of-network coverage. However, since the other UE has a lot of available information (the one in-network), such as frame timing, it seems natural to have the in-coverage UE acting as the soft controller.

· Proposal 7: for partial network coverage, the same solution as for out-of-network communication is used, with the in-network UE acting as the soft controller
5 Conclusion

Our proposals are listed below:
For in-network communication

· Proposal 1: D2D communications occur on the UL cellular band
· Proposal 2: at least one subframe per radioframe is reserved for cellular communication
· Proposal 3: Timing advance must be considered for D2D communications
· Proposal 4: the resource allocation is managed by the network (eNB)
· Proposal 5: compare orthogonal and non orthogonal resource splitting.
In addition:

· Proposal 6: for out-of-network communication, one UE acts as a soft controller. This solution enables a common design for in-network and out-of-network communication
· Proposal 7: for partial network coverage, the same solution as for out-of-network communication is used, with the in-network UE acting as the soft controller
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