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1.
Introduction
D2D proximity services using LTE based radio access allow for gains not achievable in networks using traditional infrastructure. D2D proximity services under coverage of cellular infrastructure can achieve very high bit rates, greatly reduce UE power consumption and can allow for tight spatial reuse of radio resources resulting in significantly increased spectral efficiencies. Furthermore, D2D proximity services offer the unique potential to address new services and applications like peer-to-peer and public safety; both when considered within traditional cellular coverage and when operating outside network coverage.

In this contribution, we discuss several fundamental assumptions which determine achievable RF performance characteristics and commercial viability for future D2D implementations.
Design considerations and techniques to support D2D discovery and communication in LTE are discussed in our companion contributions [4][5].
2
Use of UL or DL radio resources for D2D
One fundamental choice is whether to use UL or DL radio resources for D2D discovery and communications. This choice is to a large extent simply determined by the commercial viability for future D2D capable UE’s from the RF frond-end design perspective. Another key factor is the protection of existing LTE equipment deployed in licensed frequency bands while operating in presence of D2D capable handsets.

In principle, it is possible to support D2D transmissions in the LTE network, i.e. D2D discovery and communication, by using either the DL or UL radio resources.

From the handset design perspective, it is significantly easier to use the LTE UL frequency for D2D transmissions due to the reuse of the existing LTE UL transceiver design. Such an approach avoids the need to implement separate Tx/Rx chains in the RF front-end. Another benefit is that existing LTE UL based Tx signal structures like PUSCH can be reused. From the perspective of a D2D capable FDD handset, its cellular UL transmissions to the eNB and its D2D transmissions to other peer devices are separated through a TDM half-duplex arrangement.

A key design requirement to consider is the protection of existing LTE equipment which is deployed and operating in licensed frequency bands. Introduction of D2D capable UE’s will in fact create additional intra-cell and inter-cell interference paths that traditional LTE deployments were never designed to support (Figure 1).

Left aside regulatory aspects, if D2D transmissions were to use the FDD DL frequency, a D2D transmitter will highly interfer a regular UE receiving a DL transmission from the eNB. While DL intra-cell interference between the D2D transmitter and regular LTE FDD DL transmissions can be avoided through TDM, avoidance of inter-cell interference cannot be achieved unless DL subframes used for D2D communications would be time-coordinated and synchronized across FDD cells.

When UL resources are used for D2D transmissions, only the receiving D2D UE will be interfered by regular LTE FDD UL transmissions from nearby UE’s to the base station. More importantly, the eNB UL receiver is located far away in most cases from either cellular LTE UL or D2D UE transmitters and is therefore less affected by the introduction of D2D proximity services into the LTE system.

To some extent, it can be said that the additional interference paths introduced into the system through D2D capable UE’s are similar to design problems in LTE TDD networks where cells either do not share the same UL-DL frame allocations like in eIMTA or if they operated in absence of time synchronization.
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Figure 1: D2D interference when using DL (top) or UL (bottom) radio resources for D2D transmissions
3
FDD and TDD

D2D proximity services using LTE based radio access must be supported both when operating in paired (FDD) and in unpaired (TDD) cellular spectrum.

It can be said that from the UE design perspective, the use of TDD for D2D discovery and communication is more easily accessible due to the inherent half-duplex RF front-end implementation principle. The use of FDD for D2D is clearly of immediate relevance in terms of available commercial spectrum allocations and the fact that many operators now or in the future do not have access to commercial unpaired (TDD) spectrum allocations. Similar to 3GPP features standardized in the past during 3G and 4G development, solutions developed in support of D2D discovery and communication should be applicable in both LTE FDD and TDD mode.

For LTE TDD systems, in principle either DL or UL radio resources could be used for D2D transmissions, i.e. D2D discovery or communication. However, similar to the case of R10 Un Relay design, it can be said that an approach where only UL subframes are used for D2D transmissions offers potential for significant simplifications. Using UL subframes in TDD avoids the introduction of additional interference paths created by the D2D transmitters which would adversely affect their achievable coverage and system throughput. Not using DL subframes for TDD based D2D transmissions will significantly reduce the need to re-consider RF coexistence requirements resulting from introduction of D2D proximity services into LTE TDD networks.

4
Conclusions and Recommendations

In this contribution, we discuss several fundamental assumptions which determine achievable RF performance characteristics and commercial viability for future D2D implementations.

It is highly desirable to use UL radio resources for D2D discovery and communications in LTE. This means in-band D2D discovery and communication should be supported using the FDD UL frequency or using TDD UL subframes. Several reasons favor such an approach [4],

· Reuse of existing LTE UE RF transceiver implementations and existing applicable RF requirements,

· Interference protection for LTE networks providing coverage due to absence of severe D2D interference paths,

· Regulatory constraints when operating on licensed bands in presence of D2D UE transmitters,

· Minimized core and RF specification impacts from the introduction of D2D into LTE radio access.

Proposal
D2D discovery and communications using LTE based radio access are supported by means of UL radio resources. i.e. UL subframes in LTE FDD and TDD.
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